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INTERNET OF THINGS (loT) -
BASE-STATION BASED UNDERWATER
WIRELESS ACOUSTIC NETWORK (B-UWAN) -
Part 1: Overview and requirements

FOREWORD

respective organization to deal with particular fields of technical activity. 1ISO and IEC technical committe
collaborate in fields of mutual interest. Other international organizations, governmental and non-goverpment
in liaison with ISO and IEC, also take part in the work.

The formal decisions or agreements of IEC and ISO on technical matters express, as nearly\as" possible, 4
international consensus of opinion on the relevant subjects since each technical committee_has' representatio
from all interested IEC and ISO National bodies.

IEC and ISO documents have the form of recommendations for international use and¢are accepted by IEC an
ISO National bodies in that sense. While all reasonable efforts are made to ensure ¢hatthe technical content
IEC and ISO documents is accurate, IEC and ISO cannot be held responsible for the,way in which they are use
or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and ISO National bodies’ undertake to apply IEC an
ISO documents transparently to the maximum extent possible in their national and regional publications. An
divergence between any IEC and ISO document and the corresponding national or regional publication shall b
clearly indicated in the latter.

IEC and ISO do not provide any attestation of conformity. Independeént certification bodies provide conformi
assessment services and, in some areas, access to I[EC and{SO marks of conformity. IEC and ISO are n
responsible for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition ofithis document.

No liability shall attach to IEC and ISO or their directors, employees, servants or agents including individu
experts and members of its technical committees -and IEC and ISO National bodies for any personal injur
property damage or other damage of any nature\whatsoever, whether direct or indirect, or for costs (includin
legal fees) and expenses arising out of the publieation, use of, or reliance upon, this ISO/IEC document or an
other IEC and ISO documents.

Attention is drawn to the Normative references cited in this document. Use of the referenced publications {s

indispensable for the correct application.of this document.

Attention is drawn to the possibility that some of the elements of this ISO/IEC document may be the subject
patent rights. IEC and ISO shallnot‘be held responsible for identifying any or all such patent rights.

5O/IEC 30171-1 has been-prepared by subcommittee 41: Internet of Things and Digital Twin
f ISO/IEC joint technical-Committee 1: Information technology. It is an International Standard.

he text of this International Standard is based on the following documents:

Draft Report on voting

JTC1-SC41/266/FDIS JTC1-SC41/278/RVD

ull-information on the voting for its approval can be found in the report on voting indicated i
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The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1, available at www.iec.ch/members_experts/refdocs
and www.iso.org/directives.

A list of all parts in the ISO/IEC 30171 series, published under the general title Internet of
Things (loT) — Base-station based underwater wireless acoustic network (B-UWAN), can be
found on the IEC website.
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INTRODUCTION

Underwater network can play a major role in the underwater environment because
approximately three quarters of the Earth is covered by water. Underwater network is important
to deploy various underwater applications and services such as finding underwater pipeline
leakage, detecting underwater climatic changes, monitoring water pollution levels, discovering
underwater natural resources, monitoring and finding underwater intruders, performing strategic
surveillance, and so on. Underwater network faces challenges due to constrained and time
varying underwater environment, maintaining both stationary and mobile nodes, limited battery

re brought by emerging technologies to overcome these challenges. Base-station bhase
nderwater wireless acoustic networks (B-UWANs) can provide efficient communication,‘an
eployment in constrained underwater environment. B-UWAN follows centralized managemer
b improve communication performance with a large number of sensors, stationary and mobil
odes, and to provide longer battery life.

= o QL
D —~ O O

—

()

his document describes the overview and requirements appropriate to the B:UWAN under th
onstrained underwater environment.

(@)
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—

Scope

Tlhis document provides the general overview of base-station based underwater wireles
dcoustic networks (B-UWANSs). It gives a detailed description of the main components d
B-UWAN and also provides functions of B-UWAN components. It further specifies th
requirements of B-UWAN.

N

Normative references

he following documents are referred to in the text in such a way that'some or all of their conter

mo —

or undated references, the latest edition of the refefeénced document (including an
amendments) applies.

5O/IEC 29182-2, Information technology — Sensor-hetworks: Sensor Network Referenc
rchitecture (SNRA) — Part 2: Vocabulary and terminology

N —

3 Terms and definitions

-n

or the purposes of this document, the terms and definitions given in ISO/IEC 29182-2 apply.

IO and IEC maintain terminological databases for use in standardization at the followin
dddresses:

o/ |IEC Electropedia: available at http://www.electropedia.org/

o/ ISO Online browsing platform: available at http://www.iso.org/obp

4 Abbreviatedterms

onstitutes requirements of this document. For dated references)only the edition cited applies.

D =

—

J

B-UWAN base-station based underwater wireless acoustic network
GDMA code division multiple access
gss chirp spread spectrum
B orthogonatfrequencydivistonmuttiptexing
UWA-BS underwater wireless acoustic base-station
UWA-BSC underwater wireless acoustic base-station controller

UWA-SNode underwater wireless acoustic sensor node
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5 B-UWAN overview

5.

1 General

The main motivation for base-station based underwater wireless acoustic network (B-UWAN) is
centralized infrastructure of networks with base-stations which can manage and maintain a
large number of underwater sensor nodes with mobility. For an efficient and effective
nderwater communication, selection of the best communication method is important. With the
elp of B-UWAN, such selectlon can be achleved in the underwater commun|cat|on The

u
h

[aniioX

nderwater W|reless acoustlc base- statlon controIIer (UWA BSC), underwater W|reless acoustlc

ase-station (UWA-BS), and underwater wireless acoustic sensor node (UWA-SNode).
WA-BSC controls UWA-BSs, and UWA-BS controls UWA-SNodes.
SSS 1
-
s Lk

User < Terrestrial
network

Key

1 Satellite 6 Acoustic/wired link

2 RF/wired link 7 Water surface

3 UWA-BSC 8 Satellite communication
4 UWA-BS 9 Acoustic link

5 UWA-SNode

Figure 1 — Overview of B-UWAN

B-UWAN has a layered architecture with different functionalities. B-UWAN provides centralized
management of power, adaptive link, resource, handover, frequency reuse, multiple access

c

ontrol and inter-cell interference. Because of these functionalities B-UWAN can provide more

reliable underwater communication with low power, and low latency.
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5.2 Layered architecture of B-UWAN

The layered architecture of B-UWAN is shown in Figure 2. B-UWAN follows the layered
architecture with two layers. Layer 1 provides the communication between the UWA-BSC and
UWA-BSs. Layer 1 may operate in same or different frequencies between UWA-BSC and
UWA-BSs. Frequencies for transmitting and receiving the data within layer 1 may be the same
or different. In layer 1, wired or wireless communication is used. Frequencies and time

resources are managed by UWA-BSC in layer 1. Within layer 1, the same or differen

t

communication wave forms like orthogonal frequency division multiplexing (OFDM), code

division _multiple access (CDMA) or chirp spread spectrum (CSS) can be used for differen
UWA-BSs.

Layer 2 10
Layer 1 y H
e
YO
) v
Terrestrial A >{ }‘ -
User networks ':é':' : E
UWA-BSC o
o -
UWA-BS @
@
)
o
“V
UWA-SNode

IEC
Figure'2 — Layered architecture of B-UWAN

Uayer 2 provides communication between the UWA-BS and UWA-SNodes. Layer 2 use
wireless acoustic communication. Layer 2 uses the same frequency or different frequencies fd
the communicationChetween UWA-BS and UWA-SNodes. Within layer 2, frequencies fd
transmitting and feceiving the data may be the same or different. In layer 2, frequencies an
time resources‘are managed by UWA-BS. Layer 2 uses the same or different communicatio
methods for.different UWA-SNodes.

8.3 Installation methods of B-UWAN

t

0O O = =5 O

Tlhe-installation of B-UWAN with wireless configuration is shown in Figure 3. Here UWA-BSCs

with wireless acoustic communication.

UWA-BSS and UWA-SNOJES Use acoustic communication. Here layer 1 and layer Z operate


https://standardsiso.com/api/?name=7517718d7c324687d313928ce4fb358b

ISO/IEC 30171-1:2022 © ISO/IEC 2022 -9-

Ferrestrial
User h network
IEC
Key
1 Satellite 5 UWA-SNode
2 RF link 6 Acoustic link
3 UWA-BSC 7 Water surface
4 UWA-BS 8 Satellite communication
Figure 3 — B-UWAN installation with acoustic communication
Tlhe installation of B-UWAN with wired UWA-BSC configuration is shown in Figure 4. UWA-B
uses wired communication to communijcate with UWA-BSC, which is layer 1. In layer 2, betwee
UWA-BS and UWA-SNodes, wireless; acoustic communication is used. UWA-BSC uses wire
cdommunication to communicate with' terrestrial networks.
U P .| Terrestrial
ser h nétworks
Sea
level
Wireless
(acoustic wave)
IEC

Key
1 Wired link 4 UWA-SNode
2 UWA-BSC 5 Water surface
3 UWA-BS

Figure 4 — B-UWAN installation with wired and acoustic communication
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The installation of B-UWAN without UWA-BSC is shown in Figure 5. In layer 2, UWA-BS uses
wireless acoustic communication to communicate with UWA-SNodes. Here layer 1 is optional.

//‘

/

Terrestrial
User <
network Sea
L\ level
AN 6
4 —@
IEC
Key
1 Satellite 5 Acoustic link
2 RF/wired link 6 Water surface
3 UWA-BS 7 Satellite communication
4 UWA-SNode

Figure 5 — B-UWAN installation without UWA-BSC
Higure 5 contains one UWA-BS on/the surface and several UWA-SNodes underwater.

5.4 UWA-BSC communication system

2

The UWA-BSC comniunication system overview is shown in Figure 6. UWA-BSC provide
inctionality to control and manage several UWA-BSs. UWA-BSC also provides support fg
errestrial communication.

—h
=

—
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Terrestrial
communication system

I

Application layer of
UWA-BSC

Network layer of
UWA-BSC

Datalink layer of
UWA-BSC

Physical layer of
UWA-BSC

Transducer/
hydrophone

IEC

Figure 6 — Overview of UWA-BSC communication system

-

igure 6 shows the different layers of the UWA-BSC communication system. Here th

—

onversion of acoustic signal to digital data, digital data to acoustic signal, channg
easurement for adaptive link, and state measurement for handover for UWA-BSs. The datalin

Q

— =

he application layer of UWA-BSC, manages the sensor information with the help of a sensin
glodule. UWA-BSC's sensing module can detect the water temperature, dissolved oxygen, p
nd CO, levels.

5.5 UWA-BS communication system

Tlhe UWA-BS communication system overview is shown in Figure 7. UWA-BS controls an
manages UWA-SNodes and also performs data linkage. Initialization of UWA-SNodes syster
parameters, management of UWA-SNodes system parameters, power management, multipl
access contfel~'management, adaptive link management, and resource management d
UWA-SNodes are done by UWA-BS.

e
ansducer transmits or receives acoustic signals: The physical layer of UWA-BSC performis
|
k

yer of UWA-BSC performs link adaptation and medium access control for UWA-BSs.
he network layer of UWA-BSC perforfas operation management of handover for UWA-BS5g.

= (®)

P ( R R O X
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underwater sensap information and only communicates with UWA-BS. There is no direg

Application layer of
UWA-BS
For UWA-BSC link For UWA-SNode link

Network layer of Network layer of

UWA-BS UWA-BS
Datalink layer of Datalink layer of

UWA-BS UWA-BS
Physical layer of Physical layer of

UWA-BS UWA-BS

I

Transducer/

Transducer/

hydrophone hydrophone

IEC
Figure 7 — Overview of UWA-BS communication system

WA-BS has different links for the UWA-BSC and UWA-SNode. The physical layer of UNA-BS
hk performs conversion of acoustic signal from UWA-BSGC to digital data and digital data fron
WA-BS to acoustic signal for UWA-BSC, supports channel measurement of adaptive link, anfd
upports state measurement of handover for UWA-BSE. The datalink layer of UWA-BSC link
upports link adaptation and medium access confrol for UWA-BSC. The network layer ¢
WA-BSC link supports operation management ef\handover for UWA-BSC. The physical layg
f UWA-SNode link performs conversion of acqustic signal from UWA-SNode to digital data an
igital data from UWA-BS to acoustic signalcfor UWA-SNode, performs channel measuremer
f adaptive link, and also performs state measurement of handover for UWA-SNodsg.
he datalink layer of UWA-SNode link performs link adaptation and medium access control fg
WA-SNode. The network layer of-UJWA-SNode link performs operation management ¢
andover for UWA-SNode. The-‘application layer is common for the UWA-BSC link an
WA-SNode link. A sensing module can be attached to the application layer of UWA-B
ommunication system.

— L = —h > (J

1V J © e

.6 UWA-SNode communication system

[

he UWA-SNode communication system overview is shown in Figure 8. UWA-SNode collect

—

ommunication ‘between UWA-BSC and UWA-SNode.
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Application layer of
UWA-SNode

Sensing module

Network layer of
UWA-SNode

Datalink layer of
UWA-SNode

Physical layer of
UWA-SNode

Transducer/
hydrophone

IEC

Figure 8 — Overview of UWA-SNode communication system

Tlhe physical layer of UWA-SNode performs conversion of acoustic signal to digital data an

igital data to acoustic signal, supports channel measurement of adaptive link, and perform
state measurement of handover. The datalink layer of UWA-SNode supports link adaptatio
nd medium access control. The network layer of UWA*SNode supports operation managemer
of handover. A sensing module is attached to‘\the application layer of UWA-SNod
communication system.

D ~ 0O OO O

(o))

Requirements of B-UWAN

[o]

.1 General requirements
1.1 General

here are general requirements available for B-UWAN such as scalability, device management,
pw latency and carrier frequency management, etc.

a— O

1.2 Scalability

he UWA-BSC{shall support scalability in number of UWA-BSs with no compromise in the
erformance{/Fhe UWA-BS shall support scalability in number of UWA-SNodes with n
ompromjsexin the performance.

0T — D
O

6.1.3 Device management

'I'l—\ LIMNAJA RO chgoll paonon a-nd—maintain—aiteab
T OV v Do T Srarn rarragc—arta—rrarnmtaTT— oo
n

and maintain number of UWA-SNodes.

6.1.4 Low latency

The UWA-BSC should support UWA-BSs with low latency by minimizing the UWA-BSC's
processing time. The UWA-BS should support UWA-SNodes with low latency by minimizing the
UWA-BS's processing time.
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6.1.5 Carrier frequency

The UWA-BSC shall support carrier frequencies or available bandwidth for UWA-BSs based o
usage. The UWA-BS shall support carrier frequencies or available bandwidth for UWA-SNode
based on usage.

6.1.6 Reliability

n
S

The UWA-BSC shall provide reliable communication to UWA-BSs. The UWA-BS shall support

reliable communication of UWA-SNodes

D

1.7 Availability

—

he UWA-BSC shall be available to number of UWA-BSs. The UWA-BS shall be available t
umber of UWA-SNodes.

-

6.1.8 Safety

—

WA-BSC, UWA-BS, and UWA-SNode should not be dangerous to underwater life, property
r environment. In particular, the transmit power and frequency(of the wireless acousti
ansducers should depend on underwater environment.

=4 O

6.1.9 Security

Gommunication modules of UWA-BSC, UWA-BS, and UWA-SNode should not be accessible t
Unauthorized users.

6.1.10 Compatibility

B-UWAN should provide compatibility for other'underwater communication networks.

6.1.11 Network monitoring and management

ol

-UWAN should provide network:>monitoring and management support for UWA-BSCg
WA-BSs and UWA-SNodes.

—

6.1.12 Support for other communication methods

we]

-UWAN should provide support for various communication methods such as visible ligh
ommunication, magnetic induction, etc.

(@)

6.2 Specific-requirements of B-UWAN
6.2.1 General

Tlhere are several specific requirements available for B-UWAN such as power managemen

O

—

adaptive link management, resource management, etc.

6.2.2 Communication with terrestrial network

UWA-BSC and UWA-BS shall provide functionalities for communication with terrestrial networ
via wired or wireless communication.

6.2.3 Centralized power management

k

UWA-BSC shall have control of UWA-BS's maximum transmission power based on usage.

UWA-BS shall have control of UWA-SNode's maximum transmission power based on usage.
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