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FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. 1ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in
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Kkt of this International Standard is based on the following documents:

on with I1SO and IEC, also take part in the work. In the field of information technology, [SO and_|
hblished a joint technical committee, ISO/IEC JTC 1.

formal decisions or agreements of IEC and ISO on technical matters express, as nearly-as_poss
rnational consensus of opinion on the relevant subjects since each technical committee hasirepres
h all interested IEC National Committees and ISO member bodies.

, ISO and ISO/IEC publications have the form of recommendations for international usevand are accq
National Committees and ISO member bodies in that sense. While all reasonable@fforts are made tdg
the technical content of IEC, ISO and ISO/IEC publications is accurate, AEC~or ISO cannot

bonsible for the way in which they are used or for any misinterpretation by any‘end user.

rder to promote international uniformity, IEC National Committees and-IS®© member bodies unde|
ly IEC, I1SO and ISO/IEC publications transparently to the maximum_extent possible in their natig
onal or regional publication should be clearly indicated in the latter

and IEC do not provide any attestation of conformity. Independent certification bodies provide co

services carried out by independent certification bodies.
users should ensure that they have the latest edition of this publication.

liability shall attach to IEC or ISO or its directors, employees, servants or agents including individual
members of their technical committees and IEC National Committees or ISO member bodies for any
ry, property damage or other damage of any nature'whatsoever, whether direct or indirect, or for costs (i
bl fees) and expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publicatio|
br I[EC, ISO or ISO/IEC publications.

bntion is drawn to the normative references cited in this publication. Use of the referenced publicd
spensable for the correct applicationiof this publication.

ntion is drawn to the possibility that some of the elements of this ISO/IEC publication may be the st
bnt rights. ISO and IEC shall pot\be held responsible for identifying any or all such patent rights.

tional Standard ISQ/IEC 30143 was prepared by subcommittee 41: Internet of

FDIS Report on voting
JTC1-SC41/150/FDIS JTC1-SC41/161/RVD

ated technologies; 'of ISO/IEC joint technical committee 1: Information technology.
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Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

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

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Water covers approximately 70 % of the surface of the Earth. Modern technologies introduce
new methods to monitor the body of water such as pollution monitoring and detection.
Underwater data gathering techniques require exploring the water environment, which can be
most effectively performed by underwater acoustic sensor networks (UWASNSs). Applications
developed for the UWASNSs can record underwater climate, detect and control water pollution,
monitor marine biology, discover natural resources, detect pipeline leakages, monitor and find
underwater intruders, perform strategic surveillance, and so on.

In order to build and apply the UWASN technology, the most swtable methods for managmg

. This
to the

luding
hmong
guide

This dpcument provides the guidelines for designing and developing the UWASN applicattion. It

also p

applicg
examp

Variou
UWAS
contin

rovides other information such as the components required for developing U
htion, modelling techniques for UWASN applicationCand UWASN application g
le.

s technical standards derived from the R&Diresults of the technical areas und
N and underwater communication fields net-covered by the ISO/IEC 30140 seri
lously proposed and developed.

WASN
rofiles

er the
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1 Scope

This document provides the guidelines for designing and developing new applications in the

unden

rater environment such as fish farmina _environment monitoring harbour Qnmlrify, etc
A T .

This d

e prg

e prd

bcument also:

vides the components required for developing the application;
vides instructions for modelling the application with examples;

o helps the user to understand the communication between the elements)in the appl

for

e gu

2 Nq

There

3 Te

modelling the communication between elements;

des the user with the design process of underwater applications«
brmative references

are no normative references in this document.

rms and definitions

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

cation

lowing

ISO and IEC maintain terminological databases for use in standardization at the fol
addregses:

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

e |SO® Online browsing platform: available at http://www.iso.org/obp

3.1

application profile

set of focuments which provides the effective guidance to develop a particular applicati
3.2

component

repreantation of an actor in a UWASN application profile

3.3

element

<of use case model> object used to connect the devices and networks in the underwater
environment

EXAMPLE actors, use cases, relationships

3.4
eleme

nt

<of sequence diagram model> essential part used to connect the devices and networks in the
underwater environment

EXAMPLE class, execution place, lifeline
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3.5

element

<of class diagram model> class, object or method used for the communication between the
devices and networks in the underwater environment

4 Abbreviated terms

RF radio frequency

uuv unmanned underwater vehicle

UWASN underwater acoustic sensor network
UWAIGW underwater acoustic gateway
UWAtSNode underwater acoustic sensor node
UWA{CH underwater acoustic cluster head
UWACH-id underwater acoustic cluster head identity
UWAtSNode-id underwater acoustic sensor node identity
UWAIDTN-GW underwater DTN gateway

UWALFN underwater acoustic fundamental network

5 Oyerview of UWASN application profiles

5.1 Introduction to application profiles

In UWASN, the application profiles comprise'®@f a group of components, approachgs and
guidelines for a specific application.

5.2 |[Benefits of application profiles

An application profile is a layoutsor outline for users. Application profiles can help users as
suggested below:

- uti:I:zing them to depict how applications are deployed, arranged and managed in subnmerged
conditions;

— prgviding required components for building up new UWASN applications effectively;

— prdviding the basic information for planning;

— reducing the)learning curve;

— standardizing the development work; and

— prqviding the general requirements and functional requirements for developing the
application.

6 Design process of UWASN application profiles

6.1 General

The primary goal of the design process is to give guidance for developing underwater
applications (See Annex A). The design process of UWASN application profiles provides the
following information:

— purpose of UWASN application;

— overview of UWASN application;

— user requirements for the design process of UWASN application;

— general requirements for the design process of UWASN application;
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— functional requirements for the design process UWASN application;
— constrained requirements for the design process of UWASN application;
— consideration for the design process of UWASN application.

6.2 Criteria for the design process of UWASN application profiles

The criteria considered for the design process of the UWASN application profiles include but
are not limited to the following:

— limitation in bandwidth;

— localization;

- limjted battery power;

— deployment of devices;
— reliability;

— scalability;

— quality of service;

— disfance of transmission;
— prdpagation delay;

— deyice configuration;

— deyice maintenance;

— self-management.
6.3 [Design process steps for UWASN application profiles

Table [I| shows the steps for the design process.of UWASN application profiles.

Table 1 — Steps for the design’process of UWASN application profiles

Dgsign process steps Description
Step 1| User requirements The(user requirements for a particular UWASN application are collected.
analysjfs
Step 2 General requirements The general requirements for particular UWASN application are collect¢d.
analysjfs

Step 3 Functional requirements | The functional requirements for a particular UWASN application are
analysjs collected.

Step 4} Constrained The constrained requirements for a particular UWASN application are
requirgments analysis collected.
Step 5 Designh,process The design process of UWASN application profile needs the modelling

techniques for designing the application such as case modelling, sequgnce
diagram modelling and class diagram modelling.

Step 6: Implementation The implementation process consists of installation, deployment,

guideline process configuration, performing operation and testing.

Step 7: Specialized The specialized maintenance for underwater applications is considered. For
maintenance example, node reclamation (change battery/recharging), fouling cleaner,

housing case, etc.

7 Requirements for the design process of UWASN application profiles

7.1 General

Clause 7 discusses the various requirements such as user requirements, general requirements,
functional requirements and constrained requirements for the design process of UWASN
application profiles (See Annex A).
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7.2 User requirements of UWASN application profiles

Table 2 shows the user requirements for UWASN application profiles.

Table 2 — User requirements of UWASN application profiles

User requirements

Description

Durability

Durability refers to the time period for which a product or system can meet its
service and performance requirements.

System performance

System performance refers to the effectiveness of a system, which includes
response time, throughput, latency, availability, etc.

Low cost Low cost includes the total cost of the system, which includes the cdst,pf
procurement, installation, usage and disposal.

Efficiepcy Efficiency of a system can be identified using various factors such as
response time, number of tasks completed in a stipulated time) ‘etc.

Adaptability Adaptability refers to the extent to which a system adapts to the changg¢ in its
working environment.

Reliabjlity Reliability refers to the hardware or software orother application related
items; its performance is consistently monitored<by the users. It can be
considered while buying or using the produet:

Usabil|ty Usability can be defined as the ease of use)with respect to the system.|This
includes measures such as learnability, efficiency, memorability, etc.

Availapility Availability refers to the percentage of time that the system is available]and

working according to the requirements.

Maintginability

Maintainability refers to the.ability to make variations in the system qui¢kly
and cost effectively.

Security Security refers to the @bility of the system (1) to resist unauthorized usgage
and (2) to continue providing services to the legitimate users in case off
attacks.

Portahfility Portability canbe defined as the ability of a system to run under different
computing environments such as hardware, software, operating systemls, etc.

Reusapility Reusability refers to the ability of a system to make reuse of existing

components in new applications.

7.3 |General requirements of UWASN application profiles

Table B shows the general requirements for UWASN application profiles.

Table 3 — General requirements for UWASN application profiles

Generalfequirements

Description

Capabjlity of discovery

The UWA-SNode shall use discovery capability mechanism to identify qther

nodes connected inside the UWASN system.

Connectivity support to different
network

Integration shall be supported by different networks for avoiding complexity.

Routing techniques

The best routing algorithm is performed by the device known as router, used
for passing the message from source to destination. This technique can also
reduce the cost in UWASN.

Security

A standard security system shall be used to prevent attacks from illegal
users.

Service quality

Service quality refers to a network capability to attain maximum bandwidth
and deals with the various performance elements of network, which include
latency, error rate, etc.

Scalability

If the number of devices increases, the UWASN system shall use the
scalability support.

Dynamic adaptation

Due to the mobility of UUV and UWA-SNode, the UWASN shall use dynamic
adaptation techniques.
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General requirements

Description

Deployment

Easy deployment techniques shall be used for the deployment of UWA-
SNodes in the underwater environment.

Battery life time management

In UWASN, the battery life time management shall be used to increase the
battery life time of underwater devices.

Localization

Localization techniques shall be used to find the location of UWA-SNodes,
UUVs, etc.

Time synchronization

Time synchronization shall be used to synchronize the time of all sensor
nodes used in UWASN.

Network management

Network management shall be used to manage the whole applications such
£i H H

h formin o BB —Ra-aR O HA-E

aS—HSHarhR g e e et oRtterRgT—ete-

Wired/wireless communication

Wired or wireless communication shall be established based on the
requirements.

Privacy

Any information cannot be provided for all. So, this function(shall be used for
maintaining privacy.

Packet loss reducing

Various techniques shall be used to minimize the packet)loss in UWASN.

7.4 [Functional requirements of UWASN application profiles

Table # shows the functional requirements for UWASN application-profiles.

Table 4 — Functional requirements for UWASN application profiles

Functional requirements

Description

Data processing

Data processing is used‘or performing the operations such as classifying,
retrieving, transformingj etc.

Devicg management

Device management'is used for the management of components such gs
UWA-SNode, UWA-GW, etc.

Data gcquisition

The data acquisition function is used for measuring the physical
characteristics of water such as temperature, dissolved oxygen, pH valpe,
etc.

Validalion process

The(validation process is used for application quality management, such as
whether the application meets its requirements or services.

Integration

This is used to integrate different components to perform the required
functions.

Data dommunication

Communication module and efficient protocols are required for long-rarjge
and short-range communication.

Data sforage

The amount and type of data stored in UWA-SNode, UWA-CH, etc.

Identif|cation

The UWA-SNode needs a unique identifiable address.

Self-localization

The UWA-SNode, UWA-CH and UUV needs the ability to identify their
location.

Data slecurity

In UWASN the functions like key distribution, data integrity and

authentication are used to increase the security level.

Key distribution

The shared key mechanism can be used between the nodes such as UUV,
UWA-SNode, UWA-CH, etc. to increase the reliability of communication.

Integrity

The integrity mechanism is used to increase the confidentiality while sending
and receiving data.

Authentication

The authentication mechanism is used to ensure whether the messages are
generated from the authenticated user or not.

Network recovery

The network recovery functions are used to reconnect the network when the
connection is broken.

Device recovery

The devices such as UWA-SNodes, UUVs, etc. consist of all the information
related to environment. If some failures occur in the device, the device
recovery function shall be used.

Battery capacity

To identify the maximum amount of power availability in underwater devices
such as UWA-SNodes, UUVs, etc. the battery capacity function is needed.
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The functional requirements are used to indicate the function performed by each component in
the UWASN system.

The UWA-Application Layer: This layer is used to exchange information in the application

pro

cess. The main functionality of this application is to exchange data.

The UWA-Bundle Layer: This layer is used to carry the group of information between the
layers such as application and network layer. The store and forward concepts are used for
transmitting the packets.

The UWA-Network Layer: The main functionality of this layer is routing. The operations
performed by this layer are packet generation, underwater device communication, address
management, etc.

— The UWA-Data link Layer: The main functionality of this layer is controling the
UWA-Physical Layer. This layer has the responsibility to check and correct the errors that
oc¢ur in the UWA-Physical Layer or devices.

— The UWA-Physical Layer: This layer is used to establish and maintain, the conrjection
befween the physical devices in underwater environments.

7.5 [Constrained requirements of UWASN application profiles

7.5.1 General

Table p shows the constrained requirements for UWASN application profiles.

Table 5 — Constrained requirements for UWASN application profiles
Rhysical entities
Underwater Surface
5 o
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Wired/wireless
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Service quality
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Time
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Network
management

Privacy

Routin

g



https://iecnorm.com/api/?name=4207de3f1f32747bd20bf534b5bab600

ISO/IEC 30143:2020 © ISO/IEC 2020 -13 -

Physical entities

Underwater Surface
c
s 3
- 4
: S = Xx > 3 £ x 5
Constrained o = ° b e 2 S s E S ] 3
) r| = 3 E] k-] - © © Q 3 o c o 2 °
requirements Ol | © 2 £ 0 2 o 2 Z ® © o 3 ® c
< & > » £ 2 = ° = c o b= o c o
3 : S| | ® = | 2]/ 92| ol o| 8| = » <
; ; o ] < o =5 [7] c o c — ") 7] o
5| 5 = © m = = g S £ = 2 2 S
35 L 4 o S = : > E] ° o x
- T o =) © [¢] £ o o %]
@ w < = < < ©
) € o
o
Ao
< o
Battery life
manadement
Routinjg
manadement
Device
manadement
Data

commyinication
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Connegtivity

7.5.2 Connectivity

The cdnnectivity of UWASN application should'\be described. Details of UWASN interopefability
betwegn different physical entities can be found in ISO/IEC 30140-4.

7.5.3 UWA-GW

— Roje of moving UWA-GW: Thermoving UWA-GW shall be used to collect different dafa from
different UWA-FN and transfer the data to a base station. This can connect different
nefworks from underwater~network to terrestrial network by moving from one place to
anpther. For example, a.ship can act as the moving UWA-GW.

— Ro]e of fixed UWA-GW: The fixed UWA-GW shall be used to connect the terrestrial network
with the underwater network. This can collect the data from a single UWA-FN.

7.5.4 UWA-DTN-GW

The UWA-DTN-GW shall be used to support the interoperability of local networks by considering
long deldys-and by interpreting between regional systems.

7.5.5 Housing case

Waterproof housing shall be used in applications such as fish farming, environmental monitoring,
harbour security, etc. to protect the devices from corrosion and failure caused by water.

7.5.6 Fouling cleaner

Fouling cleaner shall be used in applications such as fish farming, environmental monitoring,
harbour security, etc. to clean mussels, weeds, and barnacles from the UWA-SNode
periodically.

7.5.7 Node deployment

Node deployment shall be used for the placement of devices such as UUVs, UWA-CH,
UWA-SNode, etc.
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Battery

Batteries are required for the management of power in underwater devices such as UUVs, UWA-

CH, U

8 M

8.1

WA-SNode, etc.

odelling techniques for designing UWASN application profiles

General

Modelling is an approach used for designing the application. Modelling is the main phase of the
appllcatron development whrch should be performed before the development of applrcatlon In

model

Langu

applications such as environmental monitoring, fish farming, etc.

|ng technique applied to develop the UWASN appllcatlons is the Un|f|ed Mo
age (UML). The UML based modelling techniques can be used for modelling,the'U

. The
delling
WASN

8.2 |Use case model
8.2.1 General
The mpin purposes of the use case model are to view interactions)between the elemenits in a

UWASIN system and to show the objectives achieved by those.interactions.

8.2.2
- Ac

Elements of use case diagram

base station;
network manager;
uuv;

UWA-GW.

Base station Network manager uuv UWA-GW

IEC

ors: In UWASN, the actors are the things that interact with the system, such as degvices,
users, and other entities within the system. Examples of actors in UWASN are listed
(sde also Figure 1):

below

- .
Figture4+—-Actorrepresentationexamptes

system. Examples of use cases in UWASN are listed below (see also Figure 2):

monitoring;
maintenance;
sensing information;

validating information.

Use cases: In UWASN, the use cases are the actions performed by the actors inside the
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Maint Sensing Validating
aintenance information information

Figure 2 — Use case representation examples

IEC

— System boundary: This is the boundary line used for the separation of actors and use cases.
The system boundary for UWASN is represented using the symbol in Figure 3.

System boundary

Validating
— | information

Actor

IEC
Figure 3 — System boundary representation example

8.2.3 Relationships

— Gepneralization: For representing the link between actors.

— Association: For representing the link betweéen actor and use cases.
— Indlude: For breaking use cases into.sub use cases.

— Ex{end: For showing the detailed execution of base use cases.

Relatignship and symbols of use €ase diagram are shown in Table 6.

Table 6 < Relationship and symbols of use case diagram

Relationship Symbol
Generhlization Label >
Assocljation La bEl
Include <<include>>
——— -
Extend <<extend>>



https://iecnorm.com/api/?name=4207de3f1f32747bd20bf534b5bab600

- 16 - ISO/IEC 30143:2020 © ISO/IEC 2020

System boundary
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Network manager /__.4—-—-—- T “~___acousticlink _~~
I\---AA Maintenance B ) ec&j"/: Base station
—
- Store in — o
"~ database -~ 7~ Transferdatato ™,
. surface station -~
~ Sensing ™~ Collcting dat;_""‘--> 71
“~___ information .~ “~__ fromrelay node __- UWA-GW
&7
e ——— 9
<"' Validating — i (. -
. . ) _AE—— — -
~___information -~ " Transferdata _ —
C) “_ toUWAGW __~
Y S e, P
(’ Transfer data “‘:I ‘~,"7€AA Relaly node
T o UWACH -~ ——~ _\_‘;\ orjUuv
UWA-SNod P ————— ot L ollecfirg data -_"‘\}
-$Node el T <<eXe e . - _/
( ActasUWACH  Je= ~TORUWA-SNode .
—_— ey,
e <) " Transfer data to }
*~___UUV or relay no.d_e_ -
IEC

Figure 4 — Use case model for UWASN application profiles

Figure|4 shows the actors, use cases, system boundary and relationships of UWASN appljcation
profiles. The components like surfacge’/station, UWA-SNode, UWA-GW, network manager and
UUV dre represented as actors. The actions performed by each of the actors are represented
as usel cases. For example, the actions like sensing information, validating, transferring gata to
UWA-CH are performed by, UWA-SNodes. The relationships like association, includes and
extends are used for building‘the connection between actors and use cases, and also bgtween
the usg cases.

8.3 [Sequence diagram model

8.3.1 General

In UWASN;-the sequence diagram model is used by the application developers to mogﬁel the
commuinication ween the elements. It shows how the interaction work ween the elgments

in UWASN and also how the objects interact with other objects.

8.3.2 Elements of sequence diagram

1) Class: In sequence diagram, class describes the role of objects inside UWASN. The object
is represented using the symbol given in Figure 5.

Object

IEC

Figure 5 — Object symbol in a sequence diagram
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2) Execution place (Execution box): In sequence diagram, the execution place shows that the
object is busy with another process. The execution box is represented with the symbol given
in Figure 6.

Execution box

IEC

Figure 6 — Execution box symbol in a sequence diagram

3) Lifelines: In sequence diagram, the lifelines are represented using vertical lines/with dashes
(sge Figure 7) which are used to indicate the presence of an object in the system.

Object

I
1
1 Lifeline
[}
!

IEC

Figure 7 — Lifeline representation in a sequence diagram

4) Mdgssages: In sequence diagram, thegmessages are used for the interaction between the
objects. The messages are represented using the arrow symbols shown in Figure 8.

Undejwater

Controljroom Surface station UWA-GW Relay node and UUV UWA-CH UWA-Ad-hoc SNode e et

1. Sense data

2. Return data 2. Return data back

1.3 Read data from UWA-CH

Response

oy ————
MU R ——

e o

S — i

14. Read data from SNode:

L] T

: Return data back :

:._. ..................... .=. .....................
5. Request for data 1 6. Act as the interface '

g o

Pass data to surface station

T LTy p——— -

'
7. MenagingrStorngt " - ]
Maintenance i 1 H
1 I ]
1 | I
| — ] i I I
] 1 | . . I
1 1 I 8. Error corrections/device management i
¥ 1 t ]
I 1 1 I I
I 1 1 I Response 1 1
Ll T Tt 1 1 ]
1 i 1 I 1 1
. . H . H .
Request
Response

IEC

Figure 8 — Sequence diagram modelling for UWASN application profiles
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Figure 8 shows the sequence flow of messages between each object in the UWASN system.
The above sequence diagram consists of objects and message flows between the objects.
In the diagram, control room, surface station, UWA-GW and UUV, etc. are represented as
objects. Request for data, response, error correction, etc. are represented as the "message
flows" between the objects.

8.4 Class diagram model
8.4.1 General

In UWASN, the class diagram is used by the application developer to show the whole structure
of the UWASN system. It describes the attributes and the operations of each class in the system
and the relationship between them. The class diagram visually indicates the needs |of the
application.

8.4.2 Elements of class diagram

1) Class name: This is the upper section of class diagram (see Figure 9), which represents the
name of the class.

2) Attributes: This is the middle section of class diagram (see Figure-9). The attributes are
copsidered as the properties of class.

3) Mdthods: This is the lower section of class diagram (see Eigure 9), which describjes the
opgration or actions of the class.

Class

Attributes

Methods

IEC

Figure 9 — Representation of different sections in class diagram

4) Relationships: The relationships are separated into four categories:
— |association;
— |generalization;
— |realization;

— |dependency.

Figure|10 ilustrates class diagram modelling for UWASN application profiles.
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Figure 10 — Class diagram modelling. for UWASN application profiles

9 Guidelines for the implementation.of UWASN application profiles

9.1 Layered design approach for.developing UWASN application profiles

The layered design technique, illustrated in Figure 11, is a combination of layers from the| UWA-
Physidal Layer to the UWA-Business Layer. This technique is used to control the conrection
betweg¢n each layer.
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Figure 11 = Kayer design approach

9.2 [Specific architecture for implementing UWASN application profiles

The UWASN specific architecture helps the user to plan, design, deploy and implement new

applications. For designing the architecture of UWASN application, the user follows the

applic

tion structure as shown in Figure 12.
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Figure 12 —- UWASNJspecific architectural model
— Gelneral description of architecture: A reference architecture with high-level description of

uw

sygtems reference architecture, communication reference architecture, and infor

refi
- Ph
De
ap
- Fu

De}

brence architectures are-presented in ISO/IEC 30140-2.

blication domain-physical entities are given in ISO/IEC 30140-3.

nctional entities: The functional entities of UWASN application should be des
ails of UWASN functional entities of different layers including cross-layer entities

found inItSO/IEC 30140-3.

be
9.3
9.3.1

=rfaces The mterfaces of UWASN appllcatlon should be descrlbed Detalls of U

found in ISO/IEC 30140 3.
Framework for implementing UWASN application profiles

User interface

ASN application is required. Configuration of UWASN reference architecturg with

mation

ysical entities: A brief'description of physical entities of UWASN application shall be given.
fails of UWASN._domain physical entities, network domain physical entitie§, and

cribed.
can be

WASN
{es can

The user interfaces are used to import all the needed objects and variables for the application
by the user. Through the user interface, the underwater view for a particular application can be
monitored. The UWA-SNode settings, UWA-SNodes location settings, start, stop and data
storage can be done through this interface.
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9.3.2 System calculation unit

The system calculation unit consists of three modules: UWA-Nodes operation, UWA-GWs
operation and communication module. The UWA-Nodes defines the functions of underwater
nodes such as UWA-CH, UWA-SNode, UUV, etc. UWA-GW defines the functions of underwater
gateway and the communication module shows the RF link and acoustic link between the
devices in UWASN.

9.3.3 Surface devices

The function of this module is to access data from UWA-SNodes, UUVs, etc. via acoustic
communication and transmit those data from UWA-GWSs to a base station with the help of RF
commuinication.

9.3.4 Sensor node

The alpng with protocols for communication between UWA-SNodes and gateway. It pefrforms
the operations such as sensing, data collection, data transmission, etc. The'sensor unit consists
of the following fields.

— UWA-SNode-id: The UWA-SNode-id is the unique value used by\the sensor node.
— UWA-CH-id: When UWA-FN is formed, then UWA-CH's value.is’considered as UWA-CH-id.

— Bajtery level: sensor unit performs the functions of nodesisuch as UWA-CH, UUVs,|UWA-
SNodes, etc. The sensor unit uses an algorithm showing“the initial level of battery.

- E
— Meglssage-id: This is the sequence number for each message.

=)

brgy level: The remaining energy is calculated here.

Figure| 13 shows the framework of UWASN application profiles. The UWASN application has
specific functions to perform different operations. The application is run to make the
configyiration between the devices such as-UWA-SNode, UWA-GW, UWA-CH, etc. The pfocess
like ngde settings, node movement, node~communication, etc. is done through user intgrface.
The sy stem calculation unit will make-the underwater devices work according to user refjuests
through the user interfaces.
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Figure 13 — Framework of UWASN application profiles
Table ¥ shows the components for implementing UWASN application profiles.
Table 7 — Components for implementing UWASN application profiles
Components Function
Servel Server is the central repository which can provide access to thg various
resources in underwater communication.
Contrdl room In control room, all the events are controlled and managed.
User The user can select the operation to monitor and control the dgvices.
UWA-GW The UWA-GW is used to collect the data from sensing devices|and transfer

those data to the control room.

Sensir|g device The sensing device is used to collect the information such as t
pressure, salinity, etc. For example, UWA-SNodes, UWA-CHs,

Pmperature,
UUVs, etc.

9.4 Functional operations for implementing UWASN application profiles

Figure 14 shows the functional operation for implementing UWASN application profiles.
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Figure 14 — Operation design/approach
Table B shows the operation process for implementing®UWASN application profiles.
Table 8 — Operation process of UWASN application profiles
Operation process Functions
Query|request/response This\Operation process refers to the request sent by the user apd the
response collected through UWA-GWs.
Data processing Data processing defined as the collection of operations such a$ data
collection, filtering, integrating specific data, etc.
Devicq processing Device processing refers to the operation performed for each device in
underwater such as installations, device settings, interface corffiguration, etc.
Sensirg, collecting and sendihg The sensing devices are used for sensing, collecting and send|ng data to the
UWA-GW.
Transferring/receiving:data The UWA-GWs are used for receiving and transferring the datg to control
room.
Commupnicatienmodel RF communication is used in the terrestrial area and acoustic gommunication
is used in the underwater environment.

10 Specialized maintenance for UWASN application profiles

Table 9 shows the key factors used for monitoring the condition of devices and networks in

UWAS

N application.
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Table 9 — Key factors for monitoring UWASN application profiles

Components

Functions

Device monitoring

The device monitoring can monitor the device functions such as device status

monitoring, battery status monitoring, self-handling, etc.

Network monitoring

The network monitoring can monitor the network functions such as network

status, error handling, connectivity, etc.

In UWASN application, device maintenance is the next step after the monitoring process.

Table [I0 shows the components used for the maintenance of UWASN application profile

Tgble 10 — Components used for the maintenance of UWASN application profiles
Components Description
Housing case In UWASN, waterproof housing case shall bé’used for protecting

UWA-SNodes from corrosion and failure.

Fouling cleaner

Fouling cleaner shall be used to cleanthe’ marine wildlife, for €
weeds, zebra mussels, and barnacles, attached to underwater

xample algae,
devices.

Battery replacement

The battery replacement techniquies shall be used for the reusq
underwater. The technology such as node pickup and replacen
in UWASN.

b of nodes in

ent are used

Battery recharging

The battery is limited for UWA-SNodes in underwater. In this ¢
recharging technology should be needed for the reuse of UWA

hse the battery

SNodes.

Otherd

All the hardwarg parts inside the system such as devices, netw
room, UWA-GWs,"UUVs, etc. should be maintained in UWASN

orks, control
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Annex A
(informative)

Application profile example

Fish farming

General

Clause A.1 explains fish farming (aqua farming) using UWASN, which is otherwise known as

"water

To mgnitor the characteristics of water, the technology used is UWASN. The (gro
Llture, along with the terrestrial farming, is also fast. Thus, it is necessary to moni'tor the
growtH of fish in underwater. The main properties monitored during fish farming are p

aquac

water,

charaqteristics of water, level of water, chemical contents in water, electrical.eonduct
etc.
WASN (the node) which is deployed under the water can also_monitor the bio

The U
activiti
Senso

(notifigation is frequently sent to the monitoring system via network).

A.1.2
A.1.2.

The m
dissol
fish fa

A.1.2.

In this
as pH
inform
the inf

A.1.2.

The cqgnsiderations for the design process of UWASN fish farming applications are as fo

— lim

— locplization;

— lim

cuttivation T heactof water cuttivationm is-wettused—fortheconsumptiomof end

s. Hence, the node can send the frequent set of data)to the monitoring g

Guidelines for designing UWASN fish farming application
General
hin purpose of this application is to monitor ‘and protect fish from abnormal tempe

ming.

p Overview

application, the sensor nodes are deployed underwater to collect the informatio

temperature, dissolved\oxygen and pass that to the UUVs. From the UUV
btion is transferred to UWA-DTN-GW using acoustic links. The UWA-DTN-GW trg
brmation to a base_station using RF link.

B Considerations for designing UWASN fish farming application

tation\in bandwidth;

users.
wth of

ysical
vity of

ogical

es of the fish like count of the fish. Active and non-active fishdare monitored using bio-

ystem

rature,

ed oxygen, pH level, etc. So, the UWASN is used here for the proper managenjent of

N such
s, the
nsfers

llows:

ited battery power;

— deployment of devices;

— reliability;

— scalability;

— quality of service;

— dis

tance of transmission;

— propagation delay;

— device configuration;

— device maintenance.
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A.1.2.4

Steps for designing UWASN fish farming application

Table A.1 shows the steps for designing UWASN fish farming application.

Table A.1 — Steps for designing UWASN fish farming application

Steps

Description

farmin

b application

Step 1: Fish farming user The user requirements for UWASN fish farming application are collected.
requirements analysis

Step 2: Fish farming general The general requirements for UWASN fish farming application are collected.
requirement analysis

Step 3 Fish farming function The functional requirements for UWASN fish farming application are
requirgments analysis collected.

Step 4 Fish farming The constrained requirements for UWASN fish farming application.are
constrpined requirements collected.

analysjs

Step 5 Design process for fish The design processes of UWASN fish farming application need the modelling

techniques, such as case modelling, sequence diagram modelling and ¢lass
diagram modelling.

Step 6
implen
farmin

. Guidelines for the
entation process of fish
b application

The implementation process consists of installatien, deployment,
configuration, performing operation and testing.

Step 7
maintg

applic

| Specialized
nance for fish farming
htion

The specialized maintenance for undefwater applications is considered]| For
example, node reclamation (change battery/recharging), fouling cleanef,
waterproof housing case, etc.

A.1.3 Requirements for the design process“of UWASN fish farming application
A.1.3. User requirements of UWASN fish farming application
Table A.2 shows the user requirements of-UWASN fish farming application.
Table A.2 — User requirements for the design process
of UWASN fish farming application
User requirements Description
Durablility Durability refers to the time period for which a product or system can meet its
service and performance requirements.
System performance This refers to the effectiveness of a system which includes response time,
throughput, latency, availability, etc.
Low cgst This includes the total cost of the system, which includes the cost of
procurement, installation, usage and disposal.
Efficiehcy Efficiency of a system can be identified using various factors such as
response time, number of tasks completed in a stipulated time, etc.
Adaptability Adaptability refers to the extent to which a system adapts to the change in its
working environment.
Reliability This refers to the degree to which a system can perform its functions as
required.
Usability Usability can be defined as the ease of use with respect to the system. This
includes measures such as learnability, efficiency, memorability, etc.
Availability This refers to the percentage of time that the system is available and working
according to the requirements.
Maintainability Maintainability refers to the ability to make variations in the system quickly
and cost effectively.
Security This refers to the ability of the system (1) to resist unauthorized usage and
(2) to continue providing services to the legitimate users in case of attacks.
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User requirements

Description

Portability Portability can be defined as the ability of a system to run under different
computing environments such as hardware, software, operating systems, etc.
Reusability This refers to the ability of a system to make use of existing components in

new applications.

A.1.3.2 General requirements of UWASN fish farming application

Table A.3 shows the general requirements of UWASN fish farming application.

Table A.3 — General requirements for the design process

of UWASN fish farming application

Requirement

Description

Deployment

The underwater sensor node should be deployed underwater at different depth
levels such as the surface, bottom and middle to sense thé properties for f|sh
farming.

Netwofk scale

According to the difficulties faced in different envirenments such as sea, p¢nd,
tank, or lake, the approximate range and number)of nodes needed should lbe
decided.

WiredAwireless
commuinication

Wired or wireless communication should/be established based on fish farmling
requirements.

Servicp quality

The services provided between the'systems need to be of good quality, softhat
the ability to pass the information‘between them is fast.

Disco\ery ability

The nodes inside this systemishould have the capability to find other node$
inside the system.

Localization

Localization techniques~are optional in fish farming.

Time dynchronization

Time synchronization is optional in fish farming.

Netwofk management

The management of whole sensor networks in this system is considered.

Privacy

Some. information can't be provided for all users. So, this application is
progratnmed for maintaining data privacy.

Routinjg

To.reduce the cost of the application, some routing algorithms are used in fhis
UWASN application.

Battery life time
manadement

Battery life time management should be maintained in fish farming.

A.1.3.3 Functional requirements of UWASN fish farming application

Table A4vshows the functional requirements of UWASN fish farming application.
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Table A.4 — Functional requirements for the design process

of UWASN fish farming application

Functional requirements

Description

Data processing

operations such as classifying, retrieving, transforming, etc.

Data processing shall be used in fish farming application for performing the

Device management

Device management shall be used in fish farming application for the
management of components such as UWA-SNode, UWA-GW, etc.

Data acquisition

The data acquisition shall be used in fish farming application for measu

pH value, etc.

ring

the physical characteristics of water such as temperature, dissolved oxygen,

Validalion process

The validation process shall be used in fish farming application for

application quality management, such as whether the application_meety its
requirements or services.

Integration Integration shall be used in fish farming application to integfate-different
components to perform the required functions.

Data dommunication Communication module shall be used in fish farmingqapplication for lonpg-
range communication and short-range communication=Efficient protocqls are
required for achieving the same.

Data sftorage Data storage shall be used in fish farming application to identify the amount
and type of data stored in UWA-SNode, UWAJCH, etc.

Identif|cation The UWA-SNode shall use a unique number for the identification purpose in
fish farming application.

Self-localization To identify the location of UWA<SNodes, UUVs, etc. in fish farming
application, the self-localization‘'mechanism shall be used.

Data slecurity Data security is optional inXish farming application.

Key dilstribution The shared key mechanism can be used between the nodes such as UUV,
UWA-SNode, UWA=CH;, etc. to increase the reliability of data.

Integrity The integrity mechanism is used to increase the confidentiality while sgnding
and receiving 'data.

Authentication The authentication mechanism is used to ensure whether the message|is
generated from the valid user or not.

Netwofk recovery The'\network recovery function is used to reconnect the network when the
connection is broken.

Devicqg recovery The device such as UWA-SNode, UUV, etc. consists of all the information
related to environment. If some failure occurs in the device, the device
recovery function can be used.

A.1.3.4 Constrained requirements of UWASN fish farming application
Table A.5 shows the constrained requirements for the design process of UWASN fish farming

applicqation.
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Table A.5 — Constrained requirements for the design process
of UWASN fish farming application

Physical entities
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A.1.4 Modelling techniques for designing UWASN fish farming application

A.1.4.1 General

In fish farming application, the modelling techniques are used for designing the application

based on the methods such as use case and sequence modelling.
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A.1.4.2 Use case model

The main aim of use case model is to view the interaction within the UWASN system and to
show the goal achieved. Figure A.1 shows the use case modelling for fish farming application.

System boundary
Fish farming application
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Figure A.1 — Uselcase model for fish farming application

A.1.4.3 Sequence diagram model

In fish [farming application,\the sequence diagram modelling is used to model the communjcation
betweg¢n the elements, Figure A.2 shows the sequence diagram modelling for fish farming
application.



https://iecnorm.com/api/?name=4207de3f1f32747bd20bf534b5bab600

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Abbreviated terms 
	5 Overview of UWASN application profiles
	5.1 Introduction to application profiles 
	5.2 Benefits of application profiles

	6 Design process of UWASN application profiles
	6.1 General
	6.2 Criteria for the design process of UWASN application profiles
	6.3 Design process steps for UWASN application profiles

	7 Requirements for the design process of UWASN application profiles
	7.1 General
	7.2 User requirements of UWASN application profiles 
	7.3 General requirements of UWASN application profiles
	7.4 Functional requirements of UWASN application profiles
	7.5 Constrained requirements of UWASN application profiles
	7.5.1 General
	7.5.2 Connectivity
	7.5.3 UWA-GW
	7.5.4 UWA-DTN-GW
	7.5.5 Housing case 
	7.5.6 Fouling cleaner
	7.5.7 Node deployment
	7.5.8 Battery 


	8 Modelling techniques for designing UWASN application profiles
	8.1 General 
	8.2 Use case model
	8.2.1 General
	8.2.2 Elements of use case diagram
	8.2.3 Relationships

	8.3 Sequence diagram model
	8.3.1 General
	8.3.2 Elements of sequence diagram

	8.4 Class diagram model
	8.4.1 General
	8.4.2 Elements of class diagram


	9 Guidelines for the implementation of UWASN application profiles
	9.1 Layered design approach for developing UWASN application profiles
	9.2 Specific architecture for implementing UWASN application profiles
	9.3 Framework for implementing UWASN application profiles
	9.3.1 User interface
	9.3.2 System calculation unit
	9.3.3 Surface devices
	9.3.4 Sensor node

	9.4 Functional operations for implementing UWASN application profiles

	10 Specialized maintenance for UWASN application profiles
	Annex A (informative)Application profile example
	A.1 Fish farming 
	A.1.1 General
	A.1.2 Guidelines for designing UWASN fish farming application 
	A.1.3 Requirements for the design process of UWASN fish farming application 
	A.1.4 Modelling techniques for designing UWASN fish farming application
	A.1.5 Guidelines for the implementation process of UWASN fish farming application


	Bibliography
	Figures
	Figure 1 – Actor representation examples 
	Figure 2 – Use case representation examples 
	Figure 3 – System boundary representation example
	Figure 4 – Use case model for UWASN application profiles
	Figure 5 – Object symbol in a sequence diagram
	Figure 6 – Execution box symbol in a sequence diagram
	Figure 7 – Lifeline representation in a sequence diagram
	Figure 8 – Sequence diagram modelling for UWASN application profiles
	Figure 9 – Representation of different sections in class diagram 
	Figure 10 – Class diagram modelling for UWASN application profiles
	Figure 11 – Layer design approach
	Figure 12 – UWASN specific architectural model
	Figure 13 – Framework of UWASN application profiles
	Figure 14 – Operation design approach
	Figure A.1 – Use case model for fish farming application
	Figure A.2 – Sequence diagram model for fish farming application
	Figure A.3 – Layered design approach of fish farming application
	Figure A.4 – Specific fish farming architecture
	Figure A.5 – Framework for fish farming application
	Figure A.6 – Operation design process for fish farming application

	Tables
	Table 1 – Steps for the design process of UWASN application profiles
	Table 2 – User requirements of UWASN application profiles
	Table 3 – General requirements for UWASN application profiles
	Table 4 – Functional requirements for UWASN application profiles
	Table 5 – Constrained requirements for UWASN application profiles
	Table 6 – Relationship and symbols of use case diagram
	Table 7 – Components for implementing UWASN application profiles 
	Table 8 – Operation process of UWASN application profiles
	Table 9 – Key factors for monitoring UWASN application profiles
	Table 10 – Components used for the maintenance of UWASN application profiles
	Table A.1 – Steps for designing UWASN fish farming application
	Table A.2 – User requirements for the design processof UWASN fish farming application
	Table A.3 – General requirements for the design processof UWASN fish farming application
	Table A.4 – Functional requirements for the design processof UWASN fish farming application
	Table A.5 – Constrained requirements for the design processof UWASN fish farming application
	Table A.6 – Operation design process of UWASN fish farming application 
	Table A.7 – Key components to monitor in fish farming application
	Table A.8 – Components used for the maintenance of UWASN fish farming application


