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INTERNET OF THINGS (loT) -
DIGITAL TWIN - USE CASES

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. ISO and IEC technical committees

in liaison with ISO and IEC, also take part in the work.

collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental,

‘ — . . P — . — ’ P ’ P
T 1S TOTTIAaT UTUISTUTTS UT ayTCCITTiiS UT TEW  atfu To U UTT TCUTITTTCal TTdil€rs TAPITSS, dS TICdITy dS5 PUSSIVI

international consensus of opinion on the relevant subjects since each technical committee has represen

frpm all interested IEC and ISO National bodies.

IHC and ISO documents have the form of recommendations for international use and are accepted by IE
I§0 National bodies in that sense. While all reasonable efforts are made to ensure that the technijcal cont
IHC and ISO documents is accurate, IEC and ISO cannot be held responsible for the way in which they are

of for any misinterpretation by any end user.

I order to promote international uniformity, IEC and ISO National bodies undertake te apply IEC and
cuments transparently to the maximum extent possible in their national and.regional publications

d
divergence between any IEC and ISO document and the corresponding national or regional publication sh
clearly indicated in the latter.

IHC and ISO do not provide any attestation of conformity. Independent certifieation bodies provide confd

agsessment services and, in some areas, access to IEC and ISO marks of conformity. IEC and ISO ar|

rgsponsible for any services carried out by independent certification bodies?

| users should ensure that they have the latest edition of this document.

b liability shall attach to IEC and ISO or their directors, employees, servants or agents including indi
perts and members of its technical committees and IEC and:ISO National bodies for any personal i
gal fees) and expenses arising out of the publication, use ‘of, or reliance upon, this ISO/IEC document g
her IEC and ISO documents.

tention is drawn to the Normative references cited in this document. Use of the referenced publicatid
indispensable for the correct application of this document.

A
N
e
property damage or other damage of any nature whatsoevér, ‘Whether direct or indirect, or for costs (incl
le
o
A
in

Aftention is drawn to the possibility that sometef the elements of this ISO/IEC document may be the subj
p

htent rights. IEC and ISO shall not be held kesponsible for identifying any or all such patent rights.

ISOJIEC TR 30172 has been prepafed by subcommittee 41: Internet of Things and Digital T}
of IJO/IEC joint technical committee 1: Information technology. It is Technical Report.

The |text of this Technical Report is based on the following documents:

Full

Draft Report on voting

JTC1-SC41/335/DTR JTC1-SC41/363/RVDTR

, an
ation

and
bnt of
used

ISO
Any
bl be

rmity

e not

idual
hjury,
Liding
r any

ns is

pct of

win,

information on the voting for its approval can be found in the report on voting indicatgd in

the Tbove table.

The language used for the development of this Technical Report 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.

IMPORTANT - The "colour inside" logo on the cover page of this document 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

This document provides use cases of digital twin applications in various domains using the
template modified from IEC 62559-2 use case template and ISO/IEC TR 22417 use case
template. Use case templates used in ISO/IEC JTC 1/AG 8, ISO/IEC JTC 1/AG 11 and
ISO/IEC JTC 1/SC 41/AG 25 are also considered for the template in this document.

The use case template includes two parts: Description of use case; Drawings or diagrams
depicting the use case. To collect use cases, the first step is to identify application domains of
digital twin (DTw) systems and to provide a use case template. Contributors were requested to

b H H lo HI PR Y Lo
supmpruse—cases uostity uic pruviucuUu 1TiTtipialic.

For Jjmproving the quality of the use case description, a guidance is provided to centributors.
The|guidance includes DTw concepts and reference models for preparing use cases'

By investigating use cases, it is possible to find the new technical requiremenis from the mafket,
accglerating the transformation of science and technology achievements,

The|use case template helps to group and categorize the use cases(agcording to the idenfified
application domains. Readers of this document can find use cases/that relate to the degired
application domain and can find original submissions of use cases in Annex A, which incllides
all spybmissions of use cases.
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INTERNET OF THINGS (loT) -
DIGITAL TWIN - USE CASES

1 Scope

This document provides a collection of representative use cases of digital twin applications in
a variety of domains, for example, smart manufacturing and smart cities.

This|document is applicable to all types of organization (for example, commercial entetprises,
government agencies, and not-for-profit organizations).

2 Normative references

Thefe are no normative references in this document.

3 [ferms and definitions
For the purposes of this document, the following terms andidefinitions apply.

ISO|and IEC maintain terminology databases foryuse in standardization at the folloying
addnesses:

o |EC Electropedia: available at https://www.electropedia.org/
e IS0 Online browsing platform: available\at https://www.iso.org/obp

3.1
digital twin
DTw
digitpl representation of a target entity (3.2) with data connections that enable converg¢nce
between the physical and digital states at an appropriate rate of synchronization

Note |1 to entry: Digital twinihas some or all of the capabilities of connection, integration, analysis, simulgtion,
visualization, optimization, collaboration, etc.

Note |2 to entry: Digital twin can provide an integrated view throughout the life cycle of the target entity.

[SOURCE: IS®/IEC 30173:—, 3.1.1]

3.2
entity
<digital twin> thing (physical or non-physical) having a distinct existence

EXAMPLE Person, object, event, idea, process, etc.

[SOURCE: ISO/IEC 20924:2021, 3.1.18, modified — The domain "<digital twin>" and the
example have been added.]

3.3
physical entity
entity in the physical world that can be the subject of sensing and/or actuating

[SOURCE: ISO/IEC 20924:2021, 3.1.27]
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3.4
digital entity
computational element comprising data elements and procedural elements

[SOURCE: ISO/IEC 30173:—, 3.1.5]

3.5

life cycle

evolution of a system, product, service, project or other human-made entity from conception
through retirement

[SOURCE: ISO/IEC/IEEE 15288:2023, 3.21]

3.6
conformity
process of analysis to determine whether a digital twin meets the specified fequirements|and
to fgrm a judgement as to whether the digital entity is fit for its corresponding physical entity

3.7
religbility
ability of an item to perform a required function under given conditions for a given time interval

[SOURCE: IEC 62657-1:2017, 3.1.12, modified — Note 1 to’entry and note 2 to entry have heen
deleted.]

3.8
verification
confjrmation, through the provision of objective evidence, that specified requirements have
been fulfilled

[SOURCE: ISO 9000:2015, 3.8.12, modified — The notes to entry have been deleted.]

3.9
valigation
conflrmation, through the ptoyision of objective evidence, that the requirements for a sp¢cific
intemded use or applicatioh.have been fulfilled

[SOURCE: ISO 9000:2015, 3.8.13, modified — The notes to entry have been deleted.]

3.10
robystness
degree tor which a system or component can function correctly in the presence of invalid inputs
or sfressful environmental conditions

[SOURCE: ISO/IEC/IEEE 24765:2017, 3.3555]

3.1

fidelity

ability to accurately describe the relevant aspects of the physical counterpart within a well-
defined set of conditions by its digital model

3.12
traceability
ability to trace the history, application or location of an object

[SOURCE: ISO 9000:2015, 3.6.13, modified — Note 1 to entry and note 2 to entry have been
deleted.]
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synchronization
<digital twin>action of making the states of target and digital entity synchronized, using network
for real time system

[SOURCE: ISO/IEC 30173:—, 3.1.20]

3.14

reconfigurability
ability of an artefact to be changed through configuration changes rather than having to modify

its u

Hnrl\]ling structure or its code or bhoth

3.15
inte
abili
has

[SO

roperability
y of two or more different systems to exchange information and to use the information
been exchanged

JRCE: ISO/TS 27790:2009, 3.39, modified — In the definition, "system§or components'

been replaced by "different systems".]

4

2D
3D
Al
APP
BIM
DTw
ERP
GIS
HVA
IED
KPI
LGA
MES
MQT
PC
PLC

Abbreviated terms

two dimensional
three dimensional
artificial intelligence
application
building information modelling
digital twin
enterprise resource planning
geographic information system
C heating, ventilation, and-air conditioning
intelligent electronicldevice
key performance'indicator
land grid array.
manufactiring execution system
T message queuing telemetry transport
personal computer

programmable logic controller

R&D

research and development

SCADA supervisory control and data acquisition

5 Applications

5.1

Application domains

that

has

DTw application domains can be classified into industry-based categories, and specific use
cases can serve as examples for each category. The application domains listed below are the
targeted areas for collecting use cases related to DTw; however, there may be other areas that
are not included in this list.

— building or construction


https://iecnorm.com/api/?name=432dc9a98c5ad8446dd679fa762be6f0

5.2

The [following life cycle stages, based on ISO/IEC 30173:-1, are considefed as target ph
to callect use cases:

6.1

Twelve use cases, based on-the use case template described in Annex A, have been colle
in Apnex B. Some use cases’include trademarks such as company names, product name
servjce names. This information is given for the convenience of users of this document
does not constitute an“endorsement by I1SO or IEC.

Theftemplate provided in Annex A includes two parts: description of use case, and drawing
diagrams depieting the use case.

6.2

-10 - ISO/IEC TR 30172:2023
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urban

energy

healthcare
manufacturing
home appliance
mining
telecommunications

aerospace

marine
gnvironmental monitoring

transport

Life cycle stage coverage

ihception

design and development

yerification and validation
deployment

gperation and monitoring
re-evaluation

netirement.

Use cases

Overview

Description of use case includes the following elements: name of use case, application g
Jyersion management, basic information to use case, scope of use case, objectives of

ASES

cted
5, Or
and

S or

rea,
use

aase entities that need {o be modelled as r'Iigint entities in use case_actors life cyC

e of

the digital twin system in use case, key performance indicators (KPIs) of use case, di
infrastructures.

gital

Drawings or diagrams depicting the use case includes the following elements: drawing of
use case, data flow diagram of use case, sequence diagram(s) of use case, deployment

diagram(s) of use case.

Properties

Description of the use case includes the following.

1

Name of the use case to be provided by the contributor of the use code.

Under preparation. Stage at the time of publication: ISO/IEC FDIS 30173:2023.
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— Digital twin application area or context of use.

— Version management: the status of the version of the use case.

— Basic information to use case: descriptions of basic information of the use case that
includes:

1

2)

) conditions (limitations) of use;

project, realized in R&D, in preparation, visionary;

3) generic, regional or national relation;

4

vertical annlication area for examnole automotive industry _netrochemical industry
o T Py P AL B o EAU

maturity of the use case, for example, in business operation, realized in demonstration

and

L5

(AL e B W = B = B = T e B <Y W e S - = -]

See

6.3
6.3.1
6.3.1

aviation industry;

information exchange, IT security, and Al application.

bcope of use case: the scope that defines the aspects covered by the limits use cag
hdicates the purview and limitations of the use case.

ccomplished and who will be benefited by the use case and how,
larrative of use case.

Entities that need to be modelled as digital entities in the use)case.
\ctors: people, organizations or systems.

ife cycle of the digital twin system in use case: refers'to 5.3 life cycle stage(s) or phas
overage.

(ey performance indicators (KPIs) of use case.

Digital infrastructures: description of digital infrastructures employed in the use cases.
Referred standards and standardizationncommittees.

Referred papers or patent.

Relation with other known use cases, for example, common requirements.

Challenges and issues: descriptions of challenges and issues in the use case.
nd trustworthiness in thejuse case.
Jser requirements and interactions with other actors.

Clause A.2 forcdetails.

Basic statistics
Use cases by application domain

A Use cases in Annex B

) keywords for classification, for example, system integration, performance evaluation,

e or

Dbjectives of use case: the intention of the use case, in other,Wwords, what is t¢ be

e(s)

Data security, privacy, and(rustworthiness: issues relating to description of data, privacy,

Distribution of use cases in Annex B by application domain is shown in Figure 1.
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IEC

6.3.1.2 Use cases in report of AG 11
Twenty-eight use cases have been collected from JTC 1/AG 11 report'en DTw. The use ¢ase
names and application fields are shown in Table 1. Statistics on distribution of use casés in
JTC|1/AG 11 report by application domain are shown in Figure 2.
Table 1 - List of use cases in JTC 1/AG’11 report
Use case name Application domain
Opt|mization of production execution Manufacturing
Dicgstal Morocco factory Manufacturing
Progluct intelligent manufacturing production line Manufacturing
Progluct Intelligent Assembly Process Simulation and*Optimization Manufacturing
Elegtro-hydraulic servo valve assembly process Manufacturing
On pPigital Twin in Additive Manufacturing Manufacturing
Digital Twin for massive smart manufacturing Manufacturing
Visyal mom?orlng system for smalhand medium-sized machining automatic Manufacturing
production line
Visyal monitoring system forlassembly process Manufacturing
The|generative design.and/additive manufacturing of mass customized footwear

latti

Ces

Manufacturing

Reslearch and Application of Digital Twin Technology in Joint Ship Hull Workshop

Manufacturing

Inte

prated Digital System for Smart Ship Pipeline Factory

Manufacturing

Lux

iry cruise sheet section turning device

Manufacturing

Dyn|

amic/scheduling of manufacturing tasks between multiple robots

Manufacturing

On-machine measurement for tool-life optimization

Manufacturing

Advanced Metrology

Manufacturing

Integrated Digital System for Smart Ship Pipeline Factory

Manufacturing

Digital Twin Technology Applied to the Automated Driving Test and Evaluation
System

Manufacturing

Digital twin system of tobacco industry chain

Manufacturing

Research on the construction and application of digital twin in intelligent oil and gas

pipeline network Energy
Smart Cities with Digital Twin Technology Urban
Digital Twin City Smart Control Cloud-Platform Urban
Elderly Healthcare Services Using Digital Twin Healthcare
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Figlire 2 — Statistics on adopted key technologies-from use cases in JTC 1/AG 11 re

6.3.1.3 Use cases in IEC SRD 62913-2-3 and\IEC SRD 62913-2-4

A ligt of described use cases in IEC SRD_62913-2-3 and IEC SRD 62913-2-4 can be
congidered:

6.3.

Use case name Application domain
Prototype Twinning Prototyping
Digital Intelligence Huaguoyuan Community
Digital Twin of Supply Chain for Automotive Industry Supply Chain
Use of Al systems digital twins for conformity assessment General Scenario
Digital Twin Solution for Thermal Fluid Systems based on Flownex General Scenario
20
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Application domain
IEC

bort

also

IEC SRD 62913-2-3-S050 "Processé.data related to the smart home behaviour to aggregate

(forecasting, real-time), assessthe value of, and certify flexibilities"

IEC SRD 62913-2-3-S053 "Rrocess data related to the Smart Building behaviour
ggregate (forecasting, real=time), assess the value of, and certify flexibilities"

C SRD 62913-2-3-S069 "Elaborate a charge or discharge schedule"
C SRD 62913-2-3-S079 "Forecast electricity price"

C SRD 62913-2-3-S080 "Forecast power demand"

C SRD 629%3-2-3-S091 "Perform renewable energy forecasts"

C SRD.62913-2-4-S007 "Forecast FCR capacity of an EV aggregate"

Use cases by status of life cycle

Distribution of each of the Annex B use case by status of life cycle is shown in Table 2.

to
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Table 2 — List of use cases by status of life cycle

Status of life cycle Numbers of use cases
Inception phase 4
Design and development phase 6
Installation phase 4
Deployment phase 11
Operation and monitoring phase 4
Re-evaluate phase 3
Retirement phase 2

7 Use case summaries

Table 3 shows summary information for each of the use cases, including use case name,
application domain, and status.

Table 3 — List of use cases

Corresponding Use case name Appllca.tlon Status of life cycle
clpuse number domain
B.1 Sma‘rt.bundlpg operation based Building or Deployment phase
on digital twins construction

Digital twin based industrial
B.2 smart park design and Urban Deployment phase
construction

Digital twin based smart city:

B.3
management system

Urban Re-evaluate phase

Construction and application of
B.4 digital twins for a large oil and Energy Deployment phase
gas processingfacility

Hdi Deployment phase;
B.5 Monitoringef Water Bml(tjlngt‘or
construction Installation phase
; ; Deployment phase;
B.6 c?_m_?rtl ?n_d operation based on Power grid
Igital twin Operation and monitoring phase
B.7 Construction-phase digital twin Building or Design and development phade
model construction Sl
Design and development has]e'
Consumer behavioural digital o '9 velop P ’
. Building or .
B.8 twin for energy demand . Deployment phase;
L construction
prediction
Tnstaliation phase
B.9 Greater Hobart Digital Twin Urban Design and development phase
B.10 NSW Spatial Digital Twin Urban Deployment phase

Sydney Trains Engineering and

Maintenance Digital Twin Transport Inception phase

TfNSW Infrastructure Delivery Inception phase;
. ) Transport
Digital Twin

Design and development phase
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specification, commissioning,
operation and maintenance

Corresponding Use case name Appllcafuon Status of life cycle
clause number domain
Inception phase;
Design and development phase;
. . . Verification and validation phase;
From grid planning to grid
B.13 operation and maintenance, Energy Deployment phase;
based on grid digital twin(s) . -
Operation and monitoring phase;
Re-evaluate phase;
Retirement phase
Inception phase;
Design and development phaje;
Electrical field level subsystem Verification and validation phgse;
B.14 digital twin, as the basis for its Energy Deployment phase®

Operation and monitoring phage;
Re-evaluate phase;

Retirement phase
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Annex A
(informative)

Use case template

A.1 General

This Annex A is the template used for collecting use cases. The terms used in that template
were defined in 5.1.

The [template is based on:

— IEC 62559-2

— ISO/IEC TR 22417

template developed by JTC 1/AG 8

— template developed by JTC 1/SC 41/AG 25
template developed by JTC 1/AG 11

A.2| Description of use case

A2 Name of use case

N
ID [| Name of use case QQ
For example, xx (Application area)-xx( AQ\®ation scenario)-xx(National Body)

A.2.p Digital twin application‘area or context of use
L CN
Application area or cont@g’l‘ use

Forll example, manufac&ring, agriculture, digital marketing, education, energy, finance

technology, healthc ome or service robotics, ICT, logistics, and city management.

~
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A.2.3 Version management

Changes Date Name Approval status (optional)
or version Author(s) or
committee
For For example: For example: draft, for comments,
example, xx(year)- for ballot
V1.0 xx(month)-
xx(day)

A.2.4 Basic information to use case

Solrce(s) or Link Conditions (limitations) of use (optional)
litgrature (optional) (optional)

Maturity of use case

in business operation

realized in demonstration project

O

O

O |realized in R&D
O [in preparation
O

visionary

Geheric, regional or<national relation

Vertical application area

Fon example, Automotive industry, petrochemical industry, and aviation industry.

Well-known or related commercial or existing use cases (optional)
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Keywords for classification

For example, system integration, performance evaluation, information exchange, IT
security, and Al application.

A.2.5 Scope of use case (bullet points)

Sc¢

bpe of use case

Inc

ude but not limited to following items:

Describe xxxx in xxx scenario;
Describe xxx among xxx systems;
Describe digital twin system architecture in xxx scenario;

Describe requirements about xxx in xxx area or scenario

A.2.

b Objectives of use case (bullet points)

Ob

ectives of use case

Objective 1: to obtain, realize, minimize or¢satisfy xxx

Objective 2: xxx

A.2.

7 Narrative of use case

Na

rrative of use case

Sh

brt description =—max. 3 sentences

Co

mplete_description
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A.2.8 Entities which need to be modelled as digital entities in use case

Entity name

For example, robot,
sensor, building,
person, and car.

Data

Model type

Requirements or
constraints on the models

NOTE

(1) Data: caninclude asset data, operational data, context data, metadata, operationalhistory, maintenance higtory,

gnd knowledge.

(2) MNodel type: can include physical model, chemical model, statistical model, ‘Al _model, engineering model, and

hetamodel.

h
(38) The types of requirements or constraints on the models: can involve gerformance requirements of the mqdels,
i
|

A.2.p Actors: people, organizations or systems

hput and output requirements of the models, and important constraints\Constraints: can include legal contfacts,
bgal regulations, and others (including regional regulations).

Actor name

Actor,,: Xxxx

Fonl example,

Actor type

Actor dess\@;tion
\‘9@

I\QS

Actor interactions
(Transactions
between Actors)
(optional)

O system actor

O business
actor: role:

O §System actor

- business
actor: role:

O system actor

0 business
actor: role:

O system actor

O business
actor: role:

O system actor

O business
actor: role:
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O system actor

O business
actor: role:

NOTE 1 According to IEC 62559-2:

(1) Actor refers to people, organizations or systems that communicates and interacts, such as, consumer, customer
energy management system, distribution management system, distribution system operator, meter operator, and

NOTH
itself

The ¢
A.2.9
busin
systel

(2) A

(3) H
Cons

NOTH
calle

Custd
utiliz
is req
there

A.2.

vstem aperator
o T

E 2 These actors can include people, software applications, systems, databases, and even the power sy

ntities in A.2.8 refer to the objects that will be modelled as digital models in the digital space.The act
refer to the people, organizations or systems that will trigger or have influences on the digital twin system
ess actor refers to the people, organizations that can apply, trigger or have influences)on the digita
ms.

ctor type is divided into system actors and business actors.

System actors are covering functions or devices. For example, in the enefgy system area, system &
are defined in the interface reference model (IEC 61968-1).

A business actor specifies in fact a "role"; roles can be taken by diverse\entities.

al examples for actors or roles in the energy system:

"Meter operator” is a role that can be taken either by a specificlcompany or by a distribution system opég
(DSO) company;

"Aggregator" is a role that could be taken by many entities\like a DSO company, an energy service con
(ESCO) or an energy supplier.

xamples of actors given in IEC 62559-2:2015, TablexA.1 are as follows:
Lmer refers to end user of electricity, gas, water‘or heat.

E 3 As the consumer can also generate energy using a distributed energy resource, the consumer is some
the "prosumer".

mer energy management system refers to energy management system for energy customers to optimiz
tion of energy according to supplyeontracts or other economic targets. Customer energy management sy
ponsible for gathering flexibilities within the customer premises and providing them to an aggregator
ore does not directly participate in flexibility markets.

10 Life cycle of«digital twin system in use case

stem

Drs in
. The
twin

ctors

rator

pany

imes

e the
stem
and

O
Life cycle of dl&& twin system in use case

inception\phase

design-and development phase

verification and validation nhase
T

O o o o o o o

deployment phase
operation and monitoring phase
re-evaluate phase

retirement phase
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A.2.11 Key performance indicators (KPIs) of use case

Name Description Reference to mentioned use case
objectives

For Objective x, xxxx.

NOTE Some qualitative indicators, such as synchronization, reliability, verification, robustness, [traceapility,
recorffigurability and some quantitative indicators can be taken into consideration. The description of some qualifative
indicators is given in Table A.1 and defined in Clause 3.

Table A.1 — Description of some qualitative indicators

Name Description C, S

conformity process of analysis to determine whether a digital twin megts the specified requirements
and to form a judgement as to whether the digital entity,is*fit for its corresponding
physical entity

synghronization action of making the states of target and digital entity synchronized, using network for
real time system

NOTE Synchronization is the measureméntof or process by which the correspondenge
between a DTw and its target is measuredvor achieved.

religbility ability of an item to perform a required-function under given conditions for a given time
interval

verification confirmation, through the provision of objective evidence, that specified requirements
have been fulfilled

valiglation confirmation, through thiejprovision of objective evidence, that the requirements for a
specific intended use-arrapplication have been fulfilled

robyistness degree to which a\system or component can function correctly in the presence of invalid
inputs or stressful environmental conditions

fide|ity ability to accurately describe the relevant aspects of the physical counterpart within a
well-defined set of conditions by its digital model

traceability abilityso trace the history, application or location of an object

recqnfigurability ability of an artefact to be changed through configuration changes rather than having fo

modify its underlying structure or its code or both

A.2.12 ,Digital infrastructures

Na ’n‘g/ Description Impact on use case

NOTE Digital infrastructures of a digital twin refer to the infrastructure that will exchange the information with the
digital twin system in the use case, such as Computing devices, Sensors, Artificial intelligence, Situation- or Context-
Awareness, Localization and Tracking, Actuators, Controls, Energy Consumption, Time Synchronization,
Management Functions or Risk management, Unique Identification, Database, Networking, IT Security, Data Privacy,
and Simulations.
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Referenced standards and standardization committees (optional)

Relevant standardization
committees

Standards relevant to the use case Status of

standard

A.2.14 Referenced papers or patent (optional)

References Type Impact on )a\g‘ Links

case C)
&
A.2.15 Relation with other known use cases, for example common requirements
(optional)
) N4
Knpwn use case . Source Relationship
RN

A.2.16 ~General remarks (optional)

Gen%’l remarks
A.2.17 Challenges and issues (optional)

Challenges and issues
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A.2.18 Data security, privacy and trustworthiness (optional)

Data security requirements and implications for applications and systems

Privacy requirements and implications for applications and systems

Trystworthiness requirements and implications for applications and systems

A.2.19 User requirements and interactions with other actors (optional)

User requirements and interactions

A.3| Drawings or diagrams depicting the use\case

A3 Drawing of use case

Drawing or diagram of use case — for§)‘(&1ple, graphic depiction of use scenarios, or
usle case diagram"
N

A.3.pR Data flow diagram of use case (optional)

N
Data flow diagra(rp use case
.

NOTHE_“Entities in A.3.2 can be aligned with entities listed in A.2.8.

A.3.3 Sequence diagram(s) of use case (optional)

Sequence diagram(s) of use case

NOTE In addition to a high-level sequence diagram, it can be helpful to split out critical interactions to provide
additional details on actors involved at such stages (for example providing information on handling of fault
conditions).
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A.3.4 Deployment diagram(s) of use case (optional)

Deployment diagram(s) of use case

A.3.5 Others (optional)

If possible, provide a graphical image or a video of the demonstration model
(ogdtional)
a»
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Annex B
(informative)

Collected use cases

B.1 Smart building — Smart building operation based on digital twins

B.1.1 Description of use case

B.1.t—Nameofusecase

ID Name of use case

001 | Smart building — Smart building operation based on digital twins — CN

B.1./1.2 Digital twin application area or context of use

Application area or context of use

e [Smart building

NOTE Donghe Center Building H in China has the total construction ‘area of about 86 000 m?, with 23 storiels
abole ground and a height of 101,5 m. Its digital twin building system could reflect the whole life cycle procefs
of the corresponding physical building, by applying physical architecture model and a variety of sensors to
simyilate the process and complete the mapping in the virtual space. The digital twin building system has fou
chafacteristics: accurate mapping, virtual-real interaction, ‘software definition, and intelligent intervention.

B.1.11.3 Version management

Changes Date Name Approval status (optional)
or yersion Author(s) or committee
Vv 1.0 2021-07-11 { Jiangf draft

VvV 2.0 2021-09-15 | Jiangf draft
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B.1.1.4 Basic information to use case
Source(s) or literature (optional) Link (optional) Conditions
(limitations) of use
(optional)
/ / /

Maturity of use case

in business nppm’rinn

4}

O |realized in demonstration project
O |realized in R&D

O [in preparation

O

visionary

Geheric, regional or national relation

CHINA

Vertical application area

Intglligent building

Welll-known or related commercial or existing,use cases (optional)

Keywords for classification

syqtem integration; informationiexchange

B.1.11.5 Scope of use case

Scope of use case

o |Describe pperation management and maintenance of the building based on digital twins
and related systems;

o [Describe the intelligent building management system architecture in this scenario

B.1.1.6 Objectives of use case

Objectives of use case

o Objective 1: to realize intelligent property management and intelligent energy
management of the building;

o Objective 2: to achieve energy conservation, environmental protection and lower the
operational cost;

e Objective 3: to reduce the cost of management personnel, reduce building energy
consumption cost, and optimize the qualification management strategy.
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B.1.1.7 Narrative of use case

Narrative of use case

Short description

This use case establishes the mapping among physical entities and their corresponding
virtual models based on data collection and integration, including key device parameters
and logical strategy of operation and management. The use case establishes the
precipitation algorithm based on experience and knowledge. At the same time, the use case
achieves annl\llcie of npnrnfinn npfimi7n+inn cfrnfnginc +hrn||gh real-time condition
mohitoring of devices and facilities as well as data acquisition, storage, analysis,
vispialization and use.

Complete description

The intelligent building management system in the use case includes the subsystems
related to building automation, energy management, intelligent lighting, fire control, secu
and environmental monitoring. At the same time, the system integrates the various
subljsystems together organically to complete both the mapping among the physical
enyironment and digital virtual reality space and the bilateral control. The system provide
the| building the ability of self-diagnosis, self-analysis, and seme’ degree of self-decision.

ity

[

The¢ system manages more than 30 000 dynamic data (such as data from environmental
mohitoring, intelligent lighting, energy management,.equipment management, photovolta
power generation, light-current system, HVAC system;, water supply and drainage systenm
indpstrial control systems) and additional static data (static data such as 3D model,
drawings, and technical documents.). The systém covers the whole life cycle of the
building, including the design, construction, @nd operations of the building. It achieves 3L
virtual monitoring, equipment maintenancé,>energy management, property management,
and further achieves the purpose of saféty, stability, green, and intelligence.

o

The¢ system also includes energy,.saving and optimization control logistics and strategies |to
saJe energy and improve management effect in building public areas without any switch
panel. Presently, the lighting-energy saving rate reaches 70 %, and air conditioning energy
sa\ling rate reaches 17 % hy statistics of more than a year of operation data. For special
cornditions (such as maintenance and reception), only simple configuration operation can
reallize the control of-all*the devices quickly to avoid manually changing the building
equyipment operation-state and mode.

Sygtem descfiption: The whole system through BIM forward design, operation and
majntenance)model into a large number of designer languages, and the construction of a
peffect eoding system to achieve the model and drawings, equipment systems, systems

Iy
dependent on the developed digital graphics platform and industrial Internet platform. It
realizes multi-source data fusion through the integration of end, edge and cloud equipment.
In addition, lighting, air conditioning, fresh air, fan are all intelligently controlled in the public
area of the building without any switch panel. Building operation and maintenance only
need a property engineer.
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Digital entity establishment: Because information of the entire life cycle of a-project |n
three dimensions is collected, uses can directly view any drawings, any equipment gnd
piping of fast positioning, and any component of the query, including design attributgs
(such as size, the working set, system and specifications), procureméntinformation
(such as brand, manufacturer, date of production) as well as the ruaning data, alarm
and maintenance logs. It greatly improves the operational efficiency.
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Object model building: According to business requirements, the object models, the
realization of attribute defihition, feature identification, function definition, and event
definition are established based on the virtual models. In addition, the abstract
mapping between the virtual model and the real device is completed. At present, the
system supports-the object model construction of common air conditioning, lighting,
water pump and-other general equipment, and establishes the object model and review
process. It can support user customization to edit, add, or modify the object model.
Finally, the'system is released through a variety of communication protocols to
compléte*docking with the real side of the data and system correlation.
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(3)| Establishment of strategy optimization model: Similarly, the use case puis-a large
number of energy saving and optimized control logic strategies into the system, so that
the building does not need a switch panel, and the energy saving.and management
effect is remarkable. Based on operation data statistics of more.than a year, the

lighting energy saving rate has reached 70 %, the air conditioning energy saving rat
has reached 17 %. In terms of special conditions (such as maintenance, reception),
only a simple configuration operation is needed to realize the control of all the devicges
quickly while manually changing the building equipmentoperation state and mode. The
labour cost of building operation and maintenance was greatly reduced.

A1
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operations, the use case doesn’t apply the concept of various systems and implemenpts

a unified platform containing a lot:0f equipment diagnosis logics (including regular

maintenance or emergency faulfimaintenance). Through the platform, the use case ¢an

directly locate the point of failure and retrieve the design parameters, drawings,
historical maintenance recoérds, and on-site video surveillance of the equipment to
assist maintenance decisions. Finally, it can generate maintenance work orders. The

whole process is fast,\atcurate and effective.
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B.1.01.8 Entities that need to be modelled. as digital entities in use case
Entity name Data \QQ Model type Requirements or
$ constraints on the
.\@ models

Building

Geometric information,
parameter information,
material information,
procurement information

physical model

Performance
requirements:
consistency,

accuracy and
fineness

Elelctromechanical
equipment

Geometry information,
parameter information,
material information,
procurement
information,
maintenance

physical model

Performance
requirements:
consistency,

accuracy and
fineness

fformation, energy
consumption
information, sensor data,
operation information

Environment

Temperature, humidity,
illumination, CO,
concentration, human
flow

physical model

Performance
requirements:
consistency,
accuracy and
fineness
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Entity name Data Model type Requirements or
constraints on the
models

Predictive analysis Equipment operation artificial Performance

rules and algorithms data, operation time intelligence requirements:

data, tenant model accuracy rate, recall
management data rate;
Input and output
requirements:
interface
Fadlt diagnosis rules Equipment operation artificial Performance
and algorithms data, alarm failure data, | intelligence requirements:
sensor data, scheme model accuracy rate, recdll
execution data rate;
Input and output
requirements:
interfaces

Prdcess or rule Business management knowledge Performance

process data, user role model requirements:

data, rights management accuracy rate, recgll

data rate;
Input and output
requirements:
interfaces

Eng¢rgy consumption Equipment energy artificial Performance

optimization rules and | consumption data, time intelligence requirements:

algprithms datal_historical data model accuracy rate, recdll
rate;
Input and output
requirements:
interfaces

Opgrationsand Maintenance orders, knowledge Performance

majntemance drawings, technical model requirements:

knqwledge

documents

accuracy rate, rece

rate:
y

Input and output
requirements:
interfaces
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B.1.1.9 Actors: people, organizations or systems
Actor name | Actor type Actor description Actor interactions
(Transactions
between Actors)
(optional)
System O system System users, who view the running
manager actor status of the building, data statistics,
7 business control and manage the system.
dbtUl . IUiU.
user
Sygtem O system System operation and maintenance
opégration actor personnel, who are responsible for
ang . rights management, system
majntenanc 4 busm_ess | configuration, upgrade and
e personnel actor: role: optimization.
user
Detision O system System decision level users, whocare
usgr actor responsible for data report view,\ddta
. analysis and statistical use,
M business construction management,decisions.
actor: role:
user
Prgject O system Project manager, who'is responsible
mahager actor for system requirements, and
. development, operation and
& busm_ess _ | maintenancednanagement of the
actor. role: system.
service
provider
Deyveloper O system System coding developers, who are
actor responsible for data development,
. background development, front-end
1 busm_ess | development, 3D component
actor. Fole: development.
service
previder
Mofellers P system Modellers can be divided into system
actor modeller, 3D modeller, parametric
¥ business moldle!ler', knoyvledge modeller,
actor: role: artificial intelligence modeller, rule
service modeller.
provider
Field O system System field implementation
implementer actor personnel, who are responsible for
¥ business installatilon, deployment, debugging
actor: role: and testing of the system.
service
provider
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Actor name | Actor type Actor description Actor interactions
(Transactions
between Actors)
(optional)

Database O system Data collection personnel, who are

engineer actor responsible for report input,

M business database strategy, data model
actor: role: establishment.
service
provider

Designer OO0 system Designer, who is responsible for

actor architectural design, system design,
M business model design, business process

actor: role: | 4€sign

service

provider

Civiil [0 system Civil construction staff, who is

corjstruction actor responsible for construction and

staff ¥ business malgtenance of civil and structural

actor: role: | WOrKs
service
provider

Eqliipment [0 system Equipment procurement staff, who

procuremen actor are responsiblé.for the purchase and

t staff ¥ business mstallat.lglj efimportant equipment

actor: role: and facilities
service
provider

Meghanical | [0 system Mechanical and electrical installation

ang actor staff, who are responsible for

gle:tncql M business eIg_ctromechamcal equipment, cable

installation \ . | wiring, network weak current, sensor

takf acterirole: depl t and installati
sta s€&)ice eployment and installation
provider

B.1.1.10~" Life cycle of use case

Life cycle of use case

Ooo0oxrOO0OaOo

inception phase

deployment phase

re-evaluate phase

retirement phase

design and development phase
verification and validation phase

operation and monitoring phase
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B.1.1.11 Key performance indicators (KPls) of use case

Name

Description

Reference to mentioned use
case objectives

Consistency

Agreement or logical coherence
among the digital entities and the
corresponding physical entities, in
other words, the specified
requirements.

For Objective 3, optimize the
qualification management
strategy through high-accuracy
behaviours of digital entities.

Energy saving Lighting energy saving rate 70 %
Air conditioning energy saving rate 17 %
Cost Reduction of property management 30 %
personnel
Reduction of equipment losses and 20 %

maintenance costs

B.1.1.12 Digital infrastructures

Name

Description

Impact on use case

Sefsors

All kinds of complete equipment PLC
or DDC sensors, energy meters, loT
terminals, files and, other
communication terminals

Such devices access the edge
layer of the platform through
various 10 links (such as LAN,
WIFI, RTU, ZigBee, HTTP,
TCP or IP, and MQTT.) or
directly connect with the
private cloud service
providers.

Data storage
devices

The real-time collected data are
stored. According to the
characteristics of large data volume
and high frequency of architectural
group data, a database cluster is
built to satisfy the persistence of a
large number of highly concurrent
real-time data.

For the storage design of
massive historical data of
architectural complex, the dpta
are partitioned and stored ir
pieces through the design of
database partition and sub-
database to meet the
requirements of the upper
application for data re-

application.

B.1.1.13 Challenges and issues

Issue

Impact of issue on use case

Reference

Real-time data
problems

Data from different sources have different time
cycle, which can result in the analysis errors

and accuracy reduction.
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B.1.1.14 Referenced standards and standardization committees (optional)

Relevant standardization Standards relevant to the use case Status of
committees standard

B.1.1.15 Referenced papers or patent (optional)

References Type Impact on Links
use case

B.1.1.16 Relation with other known use cases, for example common requirements
(optional)

Knpwn use case Source Relationship

B.1.1.17 General remarks (optional)

Gepheral remarks

B.1.1.18 Data security, privacy and trustworthiness (optional)

Data security.requirements and implications for applications, systems

The¢ use.case deploys the VPN (Virtual Private Network) system. It can access certificatign
maTwagement system, mobile security management system and firewall system to providé
the functions of remote access and data encryption transmission for remote operation and
maintenance users.

Privacy requirements and implications for applications, systems

Trustworthiness requirements and implications for applications, systems
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B.1.1.19 User requirements and interactions with other actors (optional)

User requirements and interactions

B.1.2 Drawings or diagrams depicting the use case

B.1.2.1 Drawing of use case

Drawing or diagram of use case
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IEC

The|use case adopts the designlof micro service architecture based on internet data
collgction technologies, big data management and analysis technologies, the whole procejss

of epcoding technology, BIM.technologies, and 3D visualization technologies to build wisqom
park or building integrated ‘control platform. The platform realizes the resource flexibility
maragement, modularapplication development, rapid response to business demands and
ubidquitous connection-of edge layers.

Thelarchitectdre-includes perception layer, infrastructure layer, data layer, platform layer and
application.Jayer. The details are shown as follows:

Perg¢eption layer includes building automation, weak-current control subsystem and other

b 4 Laf. 4+ 4 l H l <l Hp | F ey | 1 <l
SU yDlUIIID. mrrdotrucviurtc Iaycl IMMTeTUyUucT o 1mruuotiial UIivuu.

Data layer is used for data storage, processing and sharing.

Platform layer is mainly to complete data collection, storage, processing, analysis, data
interaction, intelligent computing, diagnosis and decision.

Application layer is mainly to complete the interaction with users, such as operation module,
intelligent energy management module, wisdom property management module, intelligent
building, personnel management, and vehicle intelligent security management. The client can
access and display each system of the platform through a PC browser or a mobile device
application or large-screen display.
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B.1.2.2 Data flow diagram of use case (optional)

Data flow diagram of use case
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B.1.R.3 Sequence diagram(s) of use case (optional)

Sequence diagramé_sS@l use case

B.1.2.4 Deployment diagram(s) of use case (optional)

N\
De:%y‘men‘t‘d‘i‘a‘g‘ra‘m(‘s)‘o‘[—m
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B.1.2.5 Others (optional)

If possible, provide a graphical image or a video of the demonstration model (optional)
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B.2| Industrial smart park — Digital twin based industrial smart park design and
construction

B.2.11 Description of use case

B.2./1.1 Name of use case

ID Name of use case

002 | Smart park — Digital twin based industrial smart park design and construction - CN

B.2.11.2 Digital twin application area or context of use

Application area orcontext of use

City management

B.2.11.3 Version management

Changes Date Name Approval status (optional)
or version Author(s) or committee

V1.0 2021-10-21 | Tencent Cloud draft
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B.2.1.4 Basic information to use case

Source(s) or literature (optional) Link (optional) Conditions (limitations)
of use (optional)

Maturity of use case

M in business operation

I [realized in demonstration project
I [realized in R&D
O [in preparation

J |visionary

Geheric, regional or national relation

CHINA

Vertical application area

industrial smart park

Welll-known or related commercial or existing use cases (optional)

Keywords for classification

A

cloud computing, loT, IT security

B.2.11.5 Scope of use case

Scope of use case

Incjude but notlimited to following items:

o |Address the spatial design, landscape planning, transportation planning, municipal
planning and other schemes for industrial smart park by utilization of digital twin;

o DestribetheTeal=time comnstructiom progress status of the mdustriatsmmartpark;

e Give system architecture for this industrial smart park scenario.
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B.2.1.6 Objectives of use case

Objectives of use case

Objective 1: to realize effective and precise spatial design, landscape planning,
transportation planning, municipal planning and other schemes of the industrial smart
park;

Objective 2: to achieve precise visualization of the construction progress status of the
industrial smart park with auxiliary capability of overall decision-making.

Objective 3: to reduce the economic and time cost of data acquisition, and to lower the

S R .
safety Tisksof thetectmicatpersonmet:

B.2.

1.7 Narrative of use case

Na

rrative of use case

Sh

brt description

Thi
pla
sid
tra

to-

5 use case explores the digital pre-construction, pre-judgment,'and visualization for the
hning and construction of the industrial smart park via two.digital twin platforms. On ope
b, the planning and design platform achieves spatial design, landscape planning,

on the high-precision rendering effect as well as variods operabilities. On the other hand
the| construction visualization platform shows the real-time construction progress status o
the|industrial smart park by integrating the industrysleading lightweight data technology,
as well as GIS (Geographic Information System).visualization technology, simple and eas

sportation planning, municipal planning and others forthe industrial smart park basec

g

y_
se functional operation.

Co

mplete description

Planning and design of the industrial smart park

The planning and design platform is based on the high-quality and high-precision
rendering effect, as well.as operation of UE4 (Unreal Engine version 4) engine. It
closely focuses on theloverall planning and design business of the Shenzhen Bay super
headquarter base, such as area overview, spatial design, landscape planning, traffic
planning and municipal planning. It uses a high-quality three-dimensional visualizatiop
technology to realize the precise display of the concept and highlights of the industriall
smart park planning via a variety of human—computer interaction methods and
interactionyeffects.

Furtheri through JS-SDK (a cloud game development kit), the planning and design
platferm adopts the cloud rendering technology. It can browse and display on the wej
which breaks the limitations of the traditional C or S architecture and greatly alleviate

(2]

the'requirements of hardware configuration on the client

Real-time construction progress visualization of the industrial smart park

The construction of the visualization platform applies the three-dimensional
measurement function, so that important information such as site area, volume and
length can be collected without technicians on the site. Furthermore, it can ensure
personnel safety and improve the work efficiency.
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In addition, it displays the three-dimensional inclined model in time series, which is used to
show the project progress and understand the construction progress and construction effect
in different time periods. It is helpful for the engineering department to intuitively control the
overall progress of the project, as well as to arrange the construction plan and process
interleaving for each milestone in a reasonable manner. More importantly, it reduces the
economic and time cost of data acquisition of the three-dimensional model and restores the
real appearance of the industrial smart park more intuitively and effectively than the BIM
model.

IEC

e |Interconnections of the two platforms

The planning and design platform can integrate’the Client or Server and Browser or
Server architecture with the construction visdalization platform, which can be browsed
on the web. Moreover, through RESTFUL protocol, the user information of the two
platforms is integrated into the same database to uniformly manage the user
permissions. Only one authentication isrequired to realize the mutual switching
between the two platforms.

RIS A BT R
BRRBETE
LY

IEC
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B.2.1.8 Entities which need to be modelled as digital entities in use case
Entity name Data Model type Requirements or
constraints on the
models
Building geometric, parameter, physical model consistency,
material, procurement accuracy and fineness
Park planned plot information, | Al model consistency,
ecarthwork SUrvVey areca accuracy and finenes
measurement
Enyironment sky, atmosphere, clouds | Al model consistency,
and other natural accuracy and fineness
environment and light
Landscape arrangement of flowers Al model consisiency,
and plants, pavement of accuracy and finenesg
the ground, placement of
public facilities such as
seats
Moying car geometric, material, Al model consistency,
velocity accuracy and finenesg
Pedestrian parameter, velocity Al model consistency,
accuracy and finenesg
Engineering process Knowledge model accuracy rate,
process interface
cortrol
Fadilt scheme execution, alarm | Knowledge model accuracy rate,
diagnosis failure recall rate
B.2.11.9 Actorst people, organizations or systems
Actor name Actor type Actor description Actor interactions
Prgject O system actor Project manager, who is
M | @ business | responsivle for system
acior Tole: requirements—development
user operation and maintenance
management
Decision O system actor System decision level user,
maker M business who is rgsponsmle for d_ata
. . report view, data analysis and
actor: role: e ;
user statistical use, construction

management decisions
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Actor name

Actor type

Actor description

Actor interactions

corstruction
staff

M business
actor: role:
service
provider

Designer ] system actor Designer, who is responsible
M business Lor r?\rch|tec(tjurlaclj de@gnB sy_stem
actor: role: esign, model design, business
service process design.
provider
Modeller 0 system actor Modellers can be divided into
T hucinace system modeller, 3D modeller,
actor: role: parametric m_qd_ellgr, knlowledge
service modeller, artificial intelligence
provider modeller, rule modeller
Deyeloper ] system actor Developer, who is responsible
M business for system coding developers,
; i data development, background
actor: role:
: development, front-end
service
: development, 3D component
provider
development
Industrial O system actor Industrial smart park
smart park construction staff, who are

responsible for construction and
maintenance ofthe industrial
smart park

B.2.1.10

Life cycle of digital twin system in use case

Life cycle of digital twin system in\use case

inception phase

design and development ,phase

verification and validation phase
deployment phase

operation and monitoring phase
re-evaluate-phase

Ooo0ooxrOO0OaOd

retirement phase
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B.2.1.11 Key performance indicators (KPls) of use case

Name

Description

Reference to
mentioned use case
objectives

Security

Provide security access, data encryption,
secure storage and other policies for platform
services

Synnhrnni79finn

Dispnlav the eauinment nosition and status in
Lud J bt Lad Ll

the building model. When something happens,
users can immediately click the camera to
view the real-time picture.

Reliability

Focus on the on-site real scene model and
information collection, comprehensively show
the progress status of the project, pay
attention to the decision-making, overall
planning and visual assistance ability, and
realize the visual business function of regional
project information.

B.2.1.12 Digital infrastructures

Name

Description Impact on use case

B.2.1.13 Referenced standards and standardization committees (optional)

Relevant standardization

coimmittees

Standards relevant to the use case Status of

standard

B.2.1.14 Referenced papers or patent (optional)

References

Type Impact on use case | Links
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B.2.1.15 Relation with other known use cases, for example common requirements

(optional)

Known use case

Source

Relationship

B.2.1.16 General remarks (optional)

Geheral remarks

B.2.1.17 Challenges and issues (optional)

Challenges and issues

B.2.1.18 Data security, privacy and trustworthiness (optional)

Data security requirements and implications for applications, systems

Privacy requirements and implications for applications, systems

Trystworthiness requirements and implications for applications, systems

B.2.1.19 _-User requirements and interactions with other actors (optional)

Usrr requirements and interactions

B.2.2 Drawings or diagrams depicting the use case

B.2.2.1 Drawing of use case

Drawing or diagram of use case
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B.2.2.2 Data flow diagram of use case (optional)

Data flow diagram of use case

B.2.2.3 Sequence diagram(s) of use case (optional)

Sequence diagram(s) of use case

B.2.

R.4 Deployment diagram(s) of use case (optional)

De

bloyment diagram(s) of use case

&=

C,
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B.2.2.5 Others (optional)

If possible, provide a graphical image or a video of the demonstration model
(optional)

<
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B.3 Smart city — Digital twin based smart city management system

B.3.1 Description of use case

B.3.1.1 Name of use case

ID Name of use case

003 | Smart city — Digital twin based smart city management system (CN)

B.3.01.2 Digital twin application area or context of use
Application area or context of use ,\(],V
N
Smart city
B.3./1.3 Version management
Changes Date Name Author(s) or \%\')Approval status (optionfal)
or yersion committee X

V4

V1J0 2021-10-21 Tencent Cloud draft
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B.3.1.4 Basic information to use case
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Source(s) or literature Link (optional) Conditions
(optional) (limitations) of

use (optional)

https://www.sohu.com/a/434518600_212034

Maturity of use case

M busmess operation
realized in demonstration project
realized in R&D

in preparation

ROOR~HEN

visionary

Geheric, regional or national relation

Shanghai, China

Vertical application area

Fon example, Automotive industry, petrochemical industry, aviation industry.

indpustrial smart park, smart building

Welll-known or related commercial or existing use cases (optional)

Keywords for classification

sygtem integration, big data; Al

B.3.11.5 Scope of use case

Scope of use case

Includ€ but not limited to following items:

— Address digital twin-based Al park platform that realizes "one map and one system for

one park".
— Give system architecture for this industrial smart park scenario.
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B.3.1.6 Objectives of use case

Objectives of use case

Ubiquitous interconnection: break down the barriers between heterogeneous systems
and realize interconnection

Refined management and control: refined management of safety, energy and assets

Autonomous disposal: automatic identification, liberating part of the mechanical
manpower work

Pre-judgment: proactively prevent and predict, and discover deep-seated risks

Precise service: provide personalized and precise service

Industry park integration: solution output and Al park development

B.3.

1.7 Narrative of use case

Na

rrative of use case

Sh

brt description

Thi
uni

ma
ma
inte

data of GIS, BIM and loT as well as applying comprehensive ability of digital entity

Shanghai.

5 use case explores the construction of a digital twin based Al park, which establisheg
fied standardized digital base for the industrial smart park. By combing real-time state

pping, the platform provides smart applications jincluding digital twin operation and
ntenance, digital intelligence meeting, digital.intelligence firefighting, and digital
lligence parking. This Al park is reproducibleyand has been gradually promoted in
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Complete description

The construction of this Al park covers the Lingang Taopu Zhichuang Industrial City in
Shanghai, and takes the Al park platform and Al+ application construction of the Digital
Intelligence Park as the starting point. The use case establishes a digital model based on
digital twin technology, and uses artificial intelligence, cloud computing and big data. The
application of emerging technologies, based on the intelligent buildings, creates an
innovative and in-depth adaptation of intelligent building scenarios in the digital intelligence
park platform-Al park platform. It provides important functions such as system access,
equipment management, application development, data services, intelligent analysis, an

d

Fudthermore, it realizes the linkage of the park security management, assettmanagement
cugtomer management, energy management, centralized management and_control, office
environment optimization and other systems. It continuously enriches the modules of the|Al
intgractive system to meet the diverse uses of the park intelligence demand in the scene
including:

¢ [Digital Twin Operation and Maintenance Center

The digital twin operation and maintenance managementcenter is to form a three-
dimensional virtual park based on GIS+BIM from the industrial data, personnel data,
enterprise data, supporting data, construction datagland data and other physical spade
data of each park. The digital backplane system) of the park realizes the centralized
management and control of multiple parks with the technical means of data
visualization.

o |Digital Intelligence Energy Management

Based on the software integration framework, operation support environment, and
development tool components, thednmiddleware of the Internet of Things, visualization
and data centralized display are used as the technical support of the Internet of Things.
The feedback adjustment strategy is re-optimized and the feed-forward optimization
control is used to control.the energy system. The behaviour prediction and optimal
control of equipment operation realize the refined management of the energy system
and the intelligent optimization control of Al, and further optimize the energy
management method and improve the efficiency of energy management. At the same
time, it uses the("cloud-side-end" technology, and applies the design standard of Al
optimization cantrol hardware system for equipment in energy facilities with the concgpt
of human—machine—object perception as the core. Furthermore, it realizes the high-
speed daotking of intelligent optimization algorithms and intelligent equipment control.

o [Digital-intelligence Security

Based on the organic combination of many computer vision algorithms such as the
improved background madelling motion detection algorithm and the deep learning
attribute recognition algorithm, as well as the development of human target detection
related technologies, the innovation of park security management is focused on video
surveillance targets on the screen. Semi-automatic data annotation is used to improve
the performance of deep learning algorithms with rich data, upgrade passive
management to active prevention and prediction, improve post-event tracing efficiency,
discover deep-level risks, and reduce security personnel costs.
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Digital Intelligence Meeting

To improve the service level of the conference room, the system integrates audio and
video conferencing, wireless screen projection, face recognition, voice recognition,
environmental adjustment, equipment cloud fault monitoring and maintenance. The
system strives to create effectiveness of intelligence, perception, interconnection, and
sharing. Safe and modern intelligent conference system, through the application of Al
technologies, provides the efficiency of park meeting rooms, improves the work
efficiency of park employees, and helps customers solve the issues of finding meeting
rooms and the difficulty of manual sign-in statistics.

Digital Intelligence Firefighting system

This system mainly realizes the comprehensive docking of the platform with fire wate
system and electrical system data. It not only digitally presents fire-related point
equipment through the visualization system, but also connects the video monitoring
system to display the scene in real time when there is a smoke alarm. At the same time,
a pressure sensor is installed at the end of the test fire hydrant, which can_ monitor
water pressure data in real time. The entire system can realize unified mnanagement,
scheduling and emergency treatment, reduce personnel costs, improve-efficiency, angd
link with superior firefighting units to truly achieve alarm prevention in advance.

Digital Intelligence Elevator

Lingang Taopu Smart Park Elevator System is a smart eleyator control system that
supports face-sweeping and code-scanning authentication:~The door-passing system [is
linked to intelligently allocate the elevator that reaches the destination floor as soon gs
possible. It reduces the energy consumption of the el€yator while reducing waiting time
of people. In addition, through the visualized digital/floor, the user can view the elevajor
running status, real-time running data, fault data‘statistics, real-time monitoring in the
car. Furthermore, managers and operators can have an intuitive display of the systen
running status.

Digital Intelligence Lighting system

|

The platform of the Lingang Taopu industrial smart park is equipped with front-end lo
sensors and intelligent dimming systems to realize intelligent lighting control in public
areas. The brightness is 10 % when there is no one, and the brightness is restored to
100 % when people walk by. The intelligent scene of "lights on and people walking ar{d
lights off" greatly saves lighting energy consumption. Combining with the visual digital
baseboard, it can view the-lighting loop failure status and the regional lighting turn-on
status in real time. Through combining with real-time work order alarm information, it
improves Operational management level.

Digital Intelligence Parking

The Lingang'\Taopu industrial smart park platform digital intelligent parking system ca
not only visualize the occupancy of each parking space in the parking lot, but also
reserve parking spaces online. There are instructions all the way into the park. By
matehing forward guidance and real-time parking space allocation algorithms, users dan
enterthe parking in real time. When the reserved parking space is reached, the lock is
automatically released and the parking space is entered, which truly realizes the

S

synchronous reservation of visitors and vehicles and the navigation function of the
reserved parking space.
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Digital Intelligence Visitor System

For enterprise employees in the park, through the face detection algorithm, the main
functions of face intelligent analysis are realized to satisfy the park’s attendance and
safety management, such as face capture, face identity verification, face control alarm,
face retrieval, and face database management. To achieve "one-face access" for
different needs, the permission information of the respondent in the park can be shared
synchronously through the mini terminal or visitor system to make an appointment to
visit or be invited, and a two-dimensional report can be generated in real time. One-
dimensional code identification, through this two-dimensional code, can realize "one-
code access" in the park, such as entrance and exit prohibition, elevator dispatch,
In:\rking] conference Qign-in] and dining

Data Interoperability and Linkage

Based on the digital intelligence park platform, the use case improves the self{contained
system of traditional information platform systems, and realizes access contfol, laddef
control, environment and energy through the application of computer vision,\deep
learning, biometric recognition and other technologies, and executes predetermined
business logic. System interconnection, innovative Al + access management, Al + off|ce
environment management, Al + conference and other linkage scenarios, and Al
empower a new park experience.

Digital Intelligence Operation system

This system is mainly divided into two parts: property repair‘service and asset
management. Through data interconnection and busingss connection with the properfy
company management platform, the real-time automatic alarm information of the
equipment will be sent to the property management operation and maintenance
personnel in the form of automatically generated*work orders. The asset managemen
system is based on the Al park platform, combined with the latest BIM+FM+GIS
technology. It integrates professional knowledge and provides users with a one-stop
property service, asset service and knowledge service which is integrated into the asget
management system.

B.3.01.8 Entities which need to_be modelled as digital entities in use case
Entity name Data \\C\)b Model type Requirements or
constraints on the
* models
1‘\@
Buildings, Asset data, Building model Constraints: boundary
equipment, equipment data, : constraints, terminal
; Equipment ) .
pernsonnel, séasors | spatial data, fault operating environment, equipmernt
data, opgrahon mechanism model safety,.laws and
data, maintenance regulations
history, operation BIM model
manuals Predictive-mode



https://iecnorm.com/api/?name=432dc9a98c5ad8446dd679fa762be6f0

ISO/IEC TR 30172:2023

© ISO/IEC 2023

B.3.1.9

— 55 —

Actors: people, organizations or systems

Actor name

Actor type

Actor description

Actor interactions
(Transactions
between Actors)

(optional)
Project ¥ system actor Project manager, who is
manager [0 business respgnsible for system
actor: role: requirements, development,
e operation and maintenance
o management
Decgision O system actor System decision level user,
maker ¥ business who is responsible for data
actor: role: repqrtlview, data analysils and
user statistical use, construction
management decisions
Degigner [ system actor Designer, who is responsible
M business for architectural design, system
actor: role: design, model design, business
service process design.
provider
Mogeller 0 system actor Modellers can-be’divided into
¥ business system m_odeller, 3D modeller,
actor: role: parametric m_qd_ellgr, knlowledge
service modelles, artificial intelligence
provider modeller, rule modeller
Deyeloper I system actor Developer, who is responsible
M business for system coding developers,
actor: role: data development, background
service development, front-end
provider development, 3D component
development
Implementor [J~ system actor Implementor, who is
M business responsible for implemen_tation
actor: role: of the p_Iatform, construction
service gnd mgmtenance of the
provider industrial smart park

B.3.1.10

Life cycle of digital twin system in use case

Life cycle of digital twin system in use case

Ooo0ooxrOO0OaOd

inception phase
design and development phase

verification and validation phase
deployment phase
operation and monitoring phase
re-evaluate phase
retirement phase
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B.3.1.11 Key performance indicators (KPls) of use case
Name Description Reference to mentioned
use case objectives
Safety Administrator functions, unauthorized Industry Park Integration;
restrictions, other user restrictions, management
logs, unauthorized logs, data logs, password Ubiquitous
policies, password display, storage, interconnection
transmission, data backup, Storage restrictions
Reliability Fault tolerance, stability, important data Refined management
verification, error prompt, operation prompt, data | and control
validity check, backup and recovery function
Easy to use | Easy to operate, easy to read information, Pre-judgment
interface settings, user manual, online help
function, user interface
Portability Adaptability, software installation, coexistence Precise service
easy replacement
Low carbon | Through feedback adjustment strategy‘re- Industry park integratipn
optimization, feed-forward optimization/control,
based on energy data collection, .platform
optimization algorithm and machine learning, the
energy consumption analysisgbehaviour
prediction and control optimization of building
energy system and equipment operation are
realized, thereby optimizing energy management
methods, improving_the efficiency of energy
management, and<achieving a comprehensive
energy saving eftabout 20 %.
B.3.1.12 Digital infrastructures
Name Description Impact on use
case
Enyironmental Real-time monitoring of indoor and outdoor Intelligent
mohitoring system | environmental changes, providing data support | application
for energy system optimization scenarios
Al energy Refined building energy management, Intelligent
efficiency system implementation of optimization of energy application

parameters, and reduction of skills

system operation strategy, through connection scenarios
with environmental data and personnel data,
construction of equipment operating mechanism
models, implementation of optimized operating

Video surveillance
system

operation efficiency is improved

Through Al algorithm analysis, the security of Intelligent
the park is made intelligent, after the incident application
tracking is changed to active defence, and the scenarios
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environment and emergency evacuation route
guidance

Name Description Impact on use

case

Parking Digitalization of the physical space of the main Intelligent

management parking lot, including parking space guidance, application

system remaining parking space display, capability of scenarios
real-time display of parking space occupancy
status and parking space vehicle information in
the digital space

Intglligent lighting Mainly include lighting circuit and circuit control | Intelligent

sygtem status, lighting fault information, which can be application
three-dimensional visualization in the digital scenarios
twin.

Copference system | Including the conference room audio and video Intelligent
system, central control system, electric curtains, }-application
connect the conference room reservation scenarios
platform with the hardware equipment, and link
the air conditioning, lighting, curtains to be
automatically turned on some time before-the
meeting starting time

Elejvator system It is connected with the access control system Intelligent
and basic information system {o'realize application
functions such as automatic‘dispatch of scenarios
elevators.

Acgess control Open up with the firg(protection system, Intelligent

sygqtem attendance system} and face recognition system | application
to realize the cofitactless passage of people in scenarios
the park, and realize the on-off control of the
gates in combination with different scenarios

Firgfighting system | Intelligent upgrade of the fire protection system, | Intelligent
predict fire failures in advance, and provide application
emergency command drill simulation scenarios

B.3.1.13

Referenced standards and standardization committees (optional)
Relevant standardization Standards relevant to the use case Status of
committees standard
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References Type Impact on use | Links
case
B.3.1.15 Relation with other known use cases, for example common requirements

(optional)

Kn

Dwn use case

Source

Relationship

B.3.

1.16 General remarks (optional)

Ge

heral remarks

B.3.

1.17 Challenges and issues (optional)

Challenges and issues

B.3.

1.18 Data security; privacy and trustworthiness (optional)

Da

a security requirements and implications for applications and systems

Pri

vacy.requirements and implications for applications and systems

Trustworthiness requirements and implications for applications and systems

B.3.1.19

User requirements and interactions with other actors (optional)

User requirements and interactions
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B.3.2 Drawings or diagrams depicting the use case

B.3.2.1 Drawing of use case

Drawing or diagram of use case — For example graphic depiction of use scenarios, or
"use case diagram"
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Drawing or diagram of use case — For example graphic depiction of use scenarios, or
"use case diagram"

B.3.p.2 Data flow diagram of use case((optional)
Data flow diagram of use case . @$
N
B.3.R.3 Sequence diagram(s) of use case (optional)

Se

jluence diagg@}s'; of use case

™~

B.3.

24—PDeployment-diagram{s)of-use—case(optional

~

Deployment diagram(s) of use case

B.3.2.5 Others (optional)

If possible, provide a graphical image or a video of the demonstration model
(optional)
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B.4 Smart energy — Construction and application of digital twins for a large oil
and gas processing facility

B.4.1 Description of use case

B.4.1.1 Name of use case

ID Name of use case

004 | Smart energy — Construction and application of digital twins for a large oil and gas
processing facility — CN

B.4.11.2 Digital twin application area or context of use

Application area or context of use

Didital factories, intelligent oil fields

B.4.01.3 Version management

Changes Date Name Approval status (optional)
or yersion Author(s) or committee
V1.0 2021-11-13 draft

B.4.1.4 Basic information to*use case

Source(s) or literature (optional) Link (optional) Conditions
(limitations) of use¢
(optional)

/ / /

Maturity of use case

incbusiness operation,

4}

O “regtizedmdemonstrationrproject
O realized in R&D

[0 in preparation

O

visionary

Generic, regional or national relation

CHINA

Vertical application area

Intelligent energy
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Well-known or related commercial or existing use cases (optional)

Keywords for classification

system integration; information exchange

B.4.11.5 Scope of use case

Scope of use case

o |Describe construction and application of large oil and gas processing facility: based on
digital twin

B.4./1.6 Objectives of use case

Objectives of use case

e |Objective 1: To achieve professional 3D model design:and simulation layout of
engineering, seamless docking of multi-format models; real-time and convenient revigw
of design results and improve design efficiency and*quality.

o |Objective 2: To achieve virtual scene real-time dynamic simulation of the whole procgss
of facility construction, integration of construction data to realize visualization of real-
time control of project progress, quality and safety, promote on-site resource allocatign
optimization, and maximize constructian benefits.

o |Objective 3: To realize the application of facility virtual inspection, simulation training
equipment early warning and intelligent diagnosis.

o |Objective 4: To save operation-and maintenance costs, ensure personnel safety and
improve facility maintenance-efficiency.

B.4.1.7 Narrative-of-use case

Narrative of use case

Short desg¢ription

Based on the digital twin technology, the designer in the initial design stage can simulate

thelleyreutthrevghvirtual-3D-seenrereduce"mistakes—defectsand-defects —andimprove
the design efficiency and quality. During construction, through the dynamic simulation of the
construction process and combined with the Internet of Things equipment, the facility and
yard structure and equipment attributes are continuously simulated and adjusted to promote
the optimization of resource allocation. Finally, the use case can complete the overall
modelling of the facility and library, and lay a foundation for production operation and
maintenance. Through the integration of the loT technology, knowledge base, artificial
intelligence and other technologies, the use case achieves schedule management, virtual
inspection, simulation training, supervision of the construction process, intelligent operation
and maintenance of equipment and other functions. This can improve the safety, quality
and efficiency of construction for a large oil and gas processing facility.
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Complete description

Xinjiang oil field explored a practical route of using digital twin technology to build digital
twin of a surface engineering oil and gas processing facility, which provided a new idea for
the establishment of a large intelligent oil and gas surface engineering facility and an
intelligent construction site. The main processes, practices and outcomes are shown as
follows:

1) Design stage: Based on the cross-platform lightweight display model analysis
technology, the 2D and 3D visual collaborative design review platform was established

toraaliza tha 20 dacian of thao whala neafacoianal arainAd Aanainaarina
Ot a ST Ot e WO epProTre S STo AT grourte e gme e mgs

To realize the full professional 3D design of the ground engineering, a platform for
online collaborative design review of 2D and 3D visualization is established based on
cross-platform lightweight analytical technology and BIM or PIM model storagé
technology. The platform provides a convenient and unified 3D design mode and bregks
the restriction of point-to-point use of professional design software. It alse provides
corresponding parsing rules for 23 model formats commonly used in the)industry. In the
same part of the compression model, only one copy of the same datais kept for reus¢
to achieve the compression effect. The lightweight rate can reach 50 % to 95 %. It
realized the seamless connection of models with different formmats, changed the
traditional offline joint review mode. At the same time, it eliminated the constraints of
design review in location environment, system hardware and software authorization
quantity, realized the multiple participants in design review in advance, and made onljne
comments at the same time, and saved 30 % of the time to find problems compared with
the traditional offline review process. Design probléems can be directly transformed info
rectification tasks and pushed to designers to dealbwith, which reduces 80 %
construction rework problems caused by designichanges, shorts the closed-loop cycl¢
of design problems and greatly improves design quality.

2) |Construction phase: The use case establishes the working mode of collaborative data
collection at each stage of the project’and visual management of the whole asset life
cycle, and realizes the acquisition oftbusiness data line, dynamic simulation of projec
construction and real-time control\of project progress.

The working mode of collaborative data collection at each stage of the use case is
established. Through workflow engine technology, the use case can issue the unified
dispatching commands autematically and realize the full cycle project digital conversipn
of the business. It achieves the effect of collection and centralized storage on the
business data line.

In addition, the Use'case constructs the visual management mode of asset life cycle.
Through fusion_of the construction data and the construction plan, the use case
developed the linkage technology of the model and the progress control. The use caske
can presént-the appearance colour of the facility according to the progress of the
feedback/ The use case integrates entrance guard, live video, long-distance built mulji-
source. monitoring, can virtually monitor the personnel, machines, materials, vehicles.
The, use case can check in real time the 3D coordinates, construction, inspection
attributes and document information. It r‘nmprnhnnci\lnly realizes the visual
management and control of the facility progress, quality, safety and resources. Further,
it changes the tradition of on-site tracking feedback, and creates a new 4D visualization
construction mode of the ground engineering. By comparing with the traditional way of
management, the facility management cost can be reduced by more than 3 %, the
construction period can be shortened by 30 %, and the facility digital twin ensures the
construction accuracy higher than 99 %.
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Operation and maintenance stage: The use case establishes the intelligent operation
and maintenance mode of the facility, realizes the safe operation and resource
optimization of the whole life cycle of the production of oil and gas fields, further
achieves cost reduction and efficiency increase, and improves the production benefit.

Based on the static basic data collected during the construction of the facility, the
intelligent operation and maintenance system of the equipment was established to
realize the intelligent management of the whole life cycle of equipment from
procurement, installation, failure, treatment and maintenance to inventory. The system
combines with the real-time data in Distributed Control System or Program Logic Control
and other control systems during the production and operation. The use case
establishes the integrity monitoring system of the treatment facility, strengthens the

ability to predict and evaluate the corrosion and risk of the project, and ensures thesgafe
and reliable operation of the project. The facility-based digital twin can dynamically
monitor the safe operation of the factory equipment, and apply machine vision{
intelligent analysis and other algorithms to realize abnormal alarm location,Further, the
system can quickly locate the fault point, shorten the maintenance time of\equipment,
and greatly reduce the risk of safety accidents. At the same time, if a worker cannot
arrive at the scene of the danger zone, the user can apply a virtual remete simulation
inspection facility based on internal inspection line. When the virtualtinspection
personnel are near to the equipment, the system can automatically push the related
equipment operation parameters, to find potential safety hazatd,in time and ensure thie
safety of personnel. In order to further improve the skills of-eperating personnel and
simulate the fewer abnormal drills during accident conditions, collaborative simulation
training of people based on digital twin is developed by adopting the combination of npap
operation and guide method. It can improve convenience of human—-computer
interaction, realize the emergency drill, auxiliary pefsonnel training, save operation,
maintenance, and training costs, and comprehemnsively improve the emergency handling
capacity of the facility.

B.4.

1.8 Entities which need to be modelled as digital entities in use case

En

name \O on the models

ity Data A.\g Model type | Requirements or constraints

A\

Thr
din
mo
and
pro
fac
larg
sur
eng

ee- Engineering model data: engineering | 1) Redundant points, lines ahd
ensional | mechanical{ HVAC, model planes are not allowed in the
del of oil | processj;general drawing, 3D model, and two planes
gas structure} pipeline layout, whose vertical distance is|
cessing corrosion prevention, less than or equal to 5 cmin
lity in electrical, instrument and the same building model are
e 23 other kinds of not allowed;
face professional 3D modelling 2)
ineering | and various related attribute
data.

There are no gaps at the
internal edges of the mod
to ensure that the spatial

1%

Entity model data of various topological relations of thé

devices including entity bit intersection points are
number, shape structure, strictly coincident;
attribute parameters, 3)
regional unit, type
classification, professional
name, and Product
Breakdown Structure (PBS)
structure tree, to build a
complete model data
architecture.

The 3D monomer model is
complete and cannot contain
any links to other models.
The merged 3D model is
complete and not repeated;
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mainly equipment

according to the standard

Entity Data Model type | Requirements or constraints
name on the models
Structural solid model data 4) All professional models can
including all kinds of adopt unified origin and
building structures, roads, coordinate system
bridges and other solid modelling. Coordinate, unit,
model data. orientation and proportion
can be unified, and the
modelling can be based on
1:1 ratio:

5) The 3D model object can
attach engineering design
attribute information.and
other related engineering
data information;

6) The 3D model is consistent
with the“engineering data
infopmation in the 2D
drawings.

7)(AIl'3D engineering objects
and related documents can
be associated with the
factory decomposition
structure.

Logging The asset data model data.model 1) Req'uwenjents fpr
shget and mainly includes: engineering object class
) library property table
spgre part
1) Design data: mainly (structured data):
including basic It is necessary to ensure the
attributes, design integrity, consistency,
parameters, relative accuracy and relevance of
coordinates and-other engineering model object
data, mainly from design attributes. The basic
documents, to provide attribute requires that the
guidance for uniqueness of the object ¢an
progurement and be expressed accurately.
ggglsiggigorzéiggnical 2) Requirements for file datg
settings or maintenance (unstructured de}ta).at eaqn
in the operation and stage of the project:
maintenance stage. The document number cap
2) Procurement data: be unique and continuous

no

procurement attributes,
product reliability,
stability and other data.
Its main source is the
supplier's procurement
documents, procurement
data can provide the
basis for equipment,
machinery maintenance
and replacement and
factory expansion.

codinareauirements and
J 1 3

special characters can be

used. Electronic documents

can have integrity under t
same document and cann
contain any links to other
documents. Electronic

he
ot

documents can be safe and

reliable and free from

computer viruses and Trojan

horses. All uploaded files
the system can be in PDF

in

format or other unmodifiable

files.
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Entity Data Model type | Requirements or constraints
name on the models
3) Construction data: 3) All documents to be

mainly including all
kinds of construction
record data, inspection
batch acceptance record
and so on, such as the
process in the facility,
gathering and conveying

associated with engineering
model objects can provide
association relation tables.

4)

pipeline, electrical
installation, and
automatic control.
Mainly from construction
units, supervision units
and testing units. Fully
record traceable and
queryable data in the
construction process
through form flow
control.

Equipment asset data:
mainly includes
equipment ledger data,
equipment information
maintenance data,
equipment attribute
data, equipment status
data, equipment change
data and electronic
archives.



https://iecnorm.com/api/?name=432dc9a98c5ad8446dd679fa762be6f0

ISO/IEC TR 30172:2023

© ISO/IEC 2023

B.4.

—67 —

1.9 Actors: people, organizations or systems

Actor name

Actor type

Actor description

Actor
interactions
(Transactions
between
Actors)
(optional)

De
Se

Dig1ita|

[0 system
actor

(1) Responsible for collecting and
integrating the data and 3D models of

ivery
vice

provider

M business
actor:
role: user

the design, procurement, construction
and trial operation of the construction
period, and constructing the facility
digital twin.

(2) Participate in the preparation of unified
technical provisions for digital delivery;
cooperate with all parties to discuss
and confirm the unification of data
standards, and be responsible for the
compilation of data dictionary:

(3) Participate in the formulation of digital
delivery plan, and organijze all
participants to discusstand review
digital delivery plan, implementation
process and dogument template.

(4) Responsiblefor the configuration,
deploymeht,standard specification
built-in and maintenance of the digital
delivery platform in the early stage of
the-project.

(5)-Responsible for training and supporting
the standardized implementation of
digital cooperative operation and data
collection of all participants.

cor

struction

O system
actor

V. business
actor:
role: user

(1) Responsible for determining the scope
of digital delivery and putting forward
specific requirements for all kinds of
data within the scope of delivery.

(2) Responsible for the preparation of
digital delivery plans and unified
technical regulations for digital delivery.

(3) Responsible for checking and

uni

supervising the mniedgrity anda
compliance of relevant data delivered
by each party, and responsible for
generating quality report and informing
each party of rectification in a timely
manner.

(4) Responsible for the final acceptance of
the construction results of digital twin-
based facility.
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Actor name Actor type Actor description Actor
interactions
(Transactions

between
Actors)
(optional)
I system (1) Responsible for coordinating and
actor organizing the digital delivery team to

meet the owner's digital delivery

H 4 A DT Dy o
I'CUUITTITITTILS . VIalTayT Ulyitdl UTIIVTIy.

M business
actor:
role: user | (2) Be responsible for guiding, supervising,

checking and accepting the work of the

general digital delivery team, and provide timely
corjtractor feedback of the problems to the digital
contractor for handling.

(3) Responsible for organizing and
coordinating the design party, the
purchaser, the construction partyyand
the supervisor to complete data
collection, sorting and integration.

I system (1) Responsible for cooperating with the
actor digital delivery team in the data
M business colIection?, sortingsand integration of
actor: products;
role: (2) Submit digital'data of purchased goods
service accurately effectively, completely, and
provider in a timely manner, including equipment
models; drawings, product descriptions,
calculations and other data.
sugplier (3). Responsible for collecting equipment

installation process quality report,
single test report, system test report
and inspection materials.

(4) Responsible for verifying the validity
and integrity of the product data;

(5) Responsible for collecting the re-
inspection report of valves, instruments
and other equipment requiring
secondary calibration.
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M business

data of project construction and

Actor name Actor type Actor description Actor
interactions
(Transactions
between
Actors)
(optional)
[ system (1) The construction party can be
actor responsible for providing digital delivery

corstruction
unit

actor:
role:
service
provider

Illcltc:l ia:a puluhabcd, pIUV;dC auuwatc,
timely, effective and complete
construction data and supplier data
within the scope of work.

(2) Responsible for the management and
inspection of construction-related
documents such as change sheets and
contact sheets, which can be recorded
into the platform in real time by, the
company according to the delivery list
of documents in the construction stage.

(3) Collect, sort out and intégrate all kinds
of inspection and testing  data in the
construction process'-Browse models,
take on-site phatos -and upload data
through mobile application.

[0 system
actor

M business

(1) Responsible’for 3D model design,
intelligent/ P&ID design.

(2) Respornsible for providing design

actor: schedule, including detailed drawing
role: plan such as drawing catalogue list.
service (8) Responsible for complying with data
provider delivery specifications and providing
. ) engineering design data within the
degign unit scope of work accurately, in a timely
manner, effectively and completely.

(4) Cooperate with the review of the
accuracy of 3D models and drawings,
and complete the rectification according
to the review opinions.

(5) Responsible for the collection, sorting
and integration of response and
coardination design data

O system (1) Responsible for providing digital
actor delivery data related to project
o supervision.

supervising M business

unit actor: (2) Provide engineering project supervision
role: data within the scope of work
service accurately, effectively, completely, and
provider in a timely manner.
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Actor name Actor type Actor description Actor
interactions
(Transactions
between
Actors)
(optional)
[0 system (1) Responsible for providing digital
actor delivery data such as engineering
= . testing data and documents.
tesfifig unit R—bUEINess ) )
actor: (2) Accurately, timely, effectively and
role: completely provide engineering project
service testing data within the scope of work.
provider
B.4.1.10 Life cycle of use case
Life cycle of use case
O linception phase
[1 | design and development phase
U |verification and validation phase
M |deployment phase
U |operation and monitoring phase
I [re-evaluate phase
O] |retirement phase
B.4.1.11 Key performance indicators (KPls) of use case
Name Description Reference to mentioned use
case objectives
Copsistency, Based on the BIM or PIM model Achieve Objective 1 and
fidelity storage technology, and through data | Objective 2. Achieve the full
acquisition and device control, the professional 3D model design
similarity between 3D model and and simulation layout of the
physical entity in appearance, project, virtual scene real-time
geometric structure and texture is dynamic simulation of the
guaranteed, and the digital twin whole construction process pf
following changes in the changing the facility, integration of
physical world is realized, forming a construction data to achieve
digital twin-based facility with the visualization of the real-
construction accuracy higher than time control of the project
99 %. progress, quality and safety,
promote on-site optimal
resource allocation, and
maximize the construction
benefit.
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Name

Description

Reference to mentioned use
case objectives

Reconfigurability

Using Extract-Transform-Load
technology and hotspot technology,
the scattered engineering objects and
related attribute data are cleaned and
integrated into the data warehouse,
and the 3D spatial data are
automatically classified, and 55 % to

Achieve Objective 2. Good
data reconstruction, can
support the digital twin agile,
visual display of the actual
construction process, to
achieve real-time control of the
project progress, quality,

95 n/i) Uf hyhtvvc,'lyht bUIIIpICDb;UII aIICJI
monomer processing are carried out
without losing the original model
graphics, materials and attributes.

Il 4 : ' £
Cadovulavilc UPLTTNZatlourm Ul

construction resources.

Expandability

Based on standardized interfaces and
services, it has the ability to integrate,
add or replace 3D digital models, and
can flexibly add entity extension
structures anywhere and anytime
using PC or mobile terminals
according to design processes and
specifications.

Achieve Objective 1, 2 and 3.
3D model with’good scalabilfity,
supporting\the layout design
stage simulation of agile
delivery efficient review,
design results for entities
facility construction, the
dynamic changes of the
operational phase of
equipment layout can be
reflected in a timely manner
into the digital twin-based
facility to display, combined
with machine vision
technology, such as realizatjon
of intelligent operation
maintenance.

B.4.1.12

Digital infrastructures

Name

Description

Impact on use case

Database server

Run Oracle and MongoDB
databases

Provide database foundation
for the relevant system of th
case, save structured and
unstructured data.

S

Provide file saving services|for

Documentation
Server

Run the FTP file service.

NS Case, anda provige 1es 1o
related applications upon
request.

Backburner Server

Run the 3D model rendering engine
to quickly transfer the 3D model to

the client through efficient rendering.

It provides 3D model rendering
services for the relevant
systems in this case, which
minimizes the requirements on
client performance and
supports smooth roaming of
3D models on ordinary
computers and mobile
terminals.
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Name Description Impact on use case

It runs the online collaborative
design review system of 2D and 3D It provides a running

Application Server | visualization, digital handover environment for the relevant
system and 3D visualization large system in this case.
screen.
B.4.t3—€thattenges—and-issues
Issue Impact of issue on use case Reference
The granularity of The precision of digital twinning, the depth of Technicdl
3D|engineering application and reusability of data will be regulations for
object partition. affected by the requirement of division of digital delivery of
different precision of the physical facility. oil and gas field
surface
engineering (Trial)

B.4.1.14 Referenced standards and standardization committees (optional)

Relevant standardization Standards relevant.to the use case Status of
coimmittees standard

B.4.1.15 Referenced papersjor patent (optional)

References Type Impact on Links
use case

B.4.1.16 Relation with other known use cases, for example common requirements
(optional)

Known use case Source Relationship
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B.4.

1.17 General remarks (optional)

Ge

neral remarks

B.4.

1.18 Data security, privacy and trustworthiness (optional)

Data security requirements and implications for applications and systems

1)

2)

3)

4)

According to the scale of ground engineering construction, it is required to establish
data classification, classification and isolation measures and authorized access
mechanism, and establish a list of important data protection.

Data collection and data interaction services from different sources are required to
adopt industry-standard data interface specifications and unify commupnication
protocols.

Cloud data storage service and data security analysis and evaluation service are
required to avoid problems such as data storage security and filesharing privacy
protection.

Users are required to authenticate their real names through-the combination of accou
password, SMS and mobile phone token during system login.

nt

Pri

vacy requirements and implications for applications and systems

Tru

stworthiness requirements and implications for applications and systems

B.4.

1.19 User requirements and interactions with other actors (optional)

User requirements and.interactions

B.4.

R Drawings or diagrams depicting the use case

B.4.

2+ —Drawing-ef-use-case

Drawing or diagram of use case

B.4.2.2 Data flow diagram of use case (optional)

Data flow diagram of use case
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B.4.2.3 Sequence diagram(s) of use case (optional)

Sequence diagram(s) of use case

B.4.2.4 Deployment diagram(s) of use case (optional)

Deployment diagram(s) of use case 25
%

B.4.R.5 Others (optional)

If jossible, provide a graphical image or a video of the demoy,/qv‘ation model
(odtional) C)\\

B.5| Smart building — Monitoring of water.

B.5.11 Description of use case

B.5./1.1 Name of use case

ID Name of use case

00% | Smart building — Monitering of water

B.5.11.2 Digital'twin application area or context of use

Application@area or context of use

Residential buildings. Implement hot water temperature monitoring in order to detect and
avqid-proliferation of legionella bacteria

B.5.1.3 Version management

Changes Date Name Approval status (optional)
or version Author(s) or committee
V1.0 2022-02- Clotilde Cochinaire draft

22
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B.5.1.4 Basic information to use case

Source(s) or literature | Link (optional) | Conditions (limitations) of use (optional)
(optional)

Maturity of use case

M in business operation,

O [reaftzedm demonstration project
I [realized in R&D
O |in preparation

O |visionary

Geheric, regional or national relation

Eutope — France

Vertical application area

Smart building for Residential and Industry

Welll-known or related commercial or existing use-cases (optional)

Engrgy monitoring in smart building

Keywords for classification

Sysgtem integration

B.5.11.5 Scope of use‘case

Scope of use case

Incjude but netlimited to following items:

o |Describe’setup, operation, and maintenance of hot water temperature based upon
digital twin and related systems;

o |Describe monitoring and intelligent building related cases based upon the same

architecture.
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B.5.1.6 Objectives of use case

Objectives of use case

Objective 1: detect any issue to prevent and avoid legionella bacteria with measurement
of hot temperature for human consumption, in residential or industrial use

Objective 2: be compliant to regulation: obligations of public health (CSP) (articles
L.1321-1, R.1321-1 and following, quoted R.1321-49 and R.1321-53)

Objective 3: improve digital management of operations

Objective 4: reduce cost of energy, reduce cost of operations

B.5.1.7 Narrative of use case

Narrative of use case

Short description

This use case establishes the mapping between real and virtual water networks inside th
building. It allows digital management and monitoring of actions\related to thresholds of
temperature detection, in order to prevent legionella bacteria~lt’'enhances a digitalization| of
opgrations linked to energy and water topics.

11

This use case is one of the digital twin applications 4dsing distributed and hybrid edge or
clopd architecture. It reinforces the fusion of both €nergy networks and IT networks on one
unigue network.

This use case belongs to larger scope smartand intelligent building Scope of use cases,
baged upon a full bidirectional, real time.and 3D digital twin.
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Complete description

e French regulation committed to reinforcing compliance of monitoring of temperature of
hot water, in residential and industrial buildings. The associated regulation is detailed in
obligations of public health (CSP) (articles L.1321-1, R.1321-1 and following, quoted
R.1321-49 and R.1321-53).

e This use case is one of the sub use cases and applications of smart and intelligent
building. Intelligent building aims at providing

reduction of operational costs,

| ' £ 4
il TCUutCliuUTT UT'TTITTYUYy LUSLS, TAPYTIISTS,

reductions of carbon footprint of the building,

digitalization of operations.

in

e |The digital twin of the building aims at answering to those 4 challenges and\moreover
this example with some applicable specificities such as monitoring of hot'water
temperature through probes in different selected metering points in the building.

e |The complete system manages multiple probes for hot water temperature measuremgnt.
It will include different steps.

— Step 1: Virtualization - Preparation of setup through the_digital twin: identification pf
metering points. Creation of virtual entities: metering points, networks, building

— Step 2: Object model mapping with virtual model realization - deployment of entitig¢s,
networks, devices after complete process digitaliZed through the digital twin

— Step 3: Operations - activation of the digital eéntity through the physical entity in a
bidirectional way

— Step 4: Improvement of models through:data gathered and analysed, as well as the
auto managed services

— Step 5: Injection of data analysis in‘\process management to generate return-on-
investment and compliance reperts

B.5.01.8 Entities which need'to be modelled as digital entities in use case
N
Entity name DataU Model type Requirements gr
@ ’ constraints on
O the models
@
Building * Physical data: plans, physical model | Performance
mapping requirements:
e Material information (type, consistency,
height, date, history) accuracy and
, fineness
e Procurement info
e Legal information
e parameters
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Entity name Data Model type Requirements or
constraints on
the models

IT network Type of network Physical consistency,

Equipment model accuracy,
Architecture Virtual model interface,
Systems performance,
I T netwaork
management,
QoS,
Data rdte,
Interface
Enyironment CO,, Oy, humidity, Physical Consistency,
Kjagwperature, fine particles, model Accuracy,
2 Digital modél) | precision
Water network Design of the network, Physical Consistency,
history, mod$; Accuracy,
structure Virtual model Precision
equipment
Sefsors Type of devices Physical Performance,
Numbers model Environment,
Connectivity Virtual model Consistency,
Data gathered Accuracy’
Device management Precision

Aldorithms Equipment operation data, | o] mogel Legal regulation,

System data Consistency,

sensor data, Accuracy,

execution data Precision,
Inputs or outputs

Fa{lt Diagnostics Equipment operation data, | o] model Legal regulation,

Alarm data Consistency,
System data Accuracy,
Sensordata Precision
Execution data Inputs or outputs
Process Process data Enterprise Legal regulations,
User role data :(nndouvéltisge O | Inputs or outputs,
Rights management data knowledge Interface,
Process algorithm data model Accuracy,

Environment data

Consistency
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B.5.1.9 Actors: people, organizations or systems
Actor name Actor type Actor description Actor interactions
System M system actor Creates the architecture of the Interact with
Architect O business digital twin, enhances its software coding
actor: role: bidrectional view, reinforces its | team (analytics,
. capability to integrate full developers)
subsystems and applications,
Int grnfnr U SyStem actor ﬁpnrnfnc and-maintains the. Interacts with IT
(S\1 or HVI) M business system with rights manager, decisio
actor: role: management, system end user, operations
- configuration, upgrade and support manager
optimization
Opegrations, O system actor Operates the building and the Interact with
support M business system, identify and trigger teehnician, installgr,
mahager actor: role: processes on cases of IT manager,
- operation issue, maintenance integrator
Degision End O system actor Based upon data report-view, Interact with
user M business data analysis and statistical integrator, system
actor: role: use, decisions can be‘taken architect
Analytics O system actor Al engineer; process .
. : . . Interact with
engineer M business understanding, analytics
) ) . . developer, and
actor: role: systems,expertise, algorithms .
f system architect
- ocus
d 0 system actor .
eyeloper Frontend, Backend developer, Interact with
M business system coding developer, 3D analytics engineef
actor: role; developer, 3D modelling and system architect
Technician, O system.dctor On field: install sensors .
. . : . Interact with
installer M business according to processes, wires, .
) . Operations, support
actor: role: deploy energy or water
manager
) networks
IT O system actor - ]
manager Manage the evolution, Interact with systém
| busin.ess . operations on IT network integrator and
actor: role: operation managgr
B.5.1.10 Life cycle of digital twin system in use case

Life cycle of digital twin system in use case

O NOODO

requirements phase
development phase
test phase
integration phase
installation phase
modification phase
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Key performance indicators (KPIs) of use case

Name Description

Reference to mentioned use case
objectives

Temperature | In the threshold defined by

regulation

Accuracy of the measurement

Co

5t saving | Property management personnel

Analyses gains provided thanks [to

20 % digital twin
Energy Energy gains 40 % Analyses gains providedithanks to
mefrics digital twin
B.5.1.12 Digital infrastructures
Name Description Impact on use case
serjsors Energy meters, loT terminals Gather and transmit data
through 1oT connectivity to fhe
digital twin through BOS
edge gateway Edge gateway with BOS integrated Gathers and models data o
edge
network WLAN networkwith 10T connectivity | Provides connectivity
integrated
digjtal twin platform | Bidirectional, real time and 3D Manages the whole use casle
visualization platform
B.5.1.13 Referehced standards and standardization committees (optional)
Relevant standardization Standards relevant to the use case | Status of
committees standard
B.5.1.14 Referenced papers or patent (optional)
References Type Impact on use case Links
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B.5.1.15 Relation with other known use cases, for example common requirements
(optional)
Known use case Source Relationship
Energy management Shares the same network infrastructure

B.5.1.16 General remarks (optional)

Geheral remarks

B.5

.1.17 Challenges and issues (optional)

Challenges and issues

Main challenge is the digitalization of operations and synchronization of all systems in
one digital platform

The second challenge is the fusion of IT and energy nétworks in one unique network

B.5.

1.18 Data security, privacy and trustworthiness (optional)

Data security requirements and implications for applications and systems

Th

¢ digital twin uses security management system, including firewall and security rules.

Privacy requirements and implications for applications and systems

Trystworthiness requirements and implications for applications and systems

B.5.

1.19~ User requirements and interactions with other actors (optional)

Us

er requirements and interactions
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Drawings or diagrams depicting the use case

Drawing of use case

Drawing or diagram of use case — For example graphic depiction of use scenarios, or
"use case diagram"

The use case respects a Ready2Services architecture based upon 3 levels within a BOS in
B.5.1.12 that integrates

Connectivity

1)

Services

Connectivity layer includes building automation subsystems, probes, devices, meters
connectivity network.

Infrastructure

2) |Infrastructure layer is used for data storage, processing and sharing, ITfesources
deployed on edge.
3) |Services layer englobes both:
o Cloud platform capabilities (digital twin) with data collectiony/storage, processing,
analytics, modelling, diagnosis, decision capabilities, and
o applications to interact with the dedicated use case such as water management,
building operations, intelligent energy management, property management,
intelligent building, security management and.more applications.
B.6| Smart Power Grid — Smart grid operation based on a digital twin
B.6./1 Description of use case
B.6.11.1 Name of use case
ID Name of use case
00| | Smart Power Grid —-Smart grid operation based on a digital twin — CN
6
B.6.11.2 Digital twin application area or context of use
Application area or context of use

ofmalrt Fower Grid

The power grid digital twin construction consists of simulation modelling, state mapping,
self-operation and actuation.
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B.6.1.3 Version management

Changes or | Date Name Approval status (optional)
version

Author(s) or committee

V1.0 2022-02-11 Li J.S.
B.6.11.4 Basic information to use case

Source(s) or literature Link (optional) Conditions (limitations) of use
(ogtional) (optional)

/ / /

Maturity of use case

in business operation,

realized in demonstration project
realized in R&D

in preparation

O000®™

visionary

Geheric, regional or national relation

CHINA

Vertical application area

Smiart energy, Intelligent pewer grid

Welll-known or related commercial or existing use cases (optional)

Keywords for classification

I wdcampiitina: iy Aata- 1~AT- Al- o]t~
clobdreomputing—big-data—teT—Ak-simutation

B.6.1.5 Scope of use case

Scope of use case

e Describe the construction process and application scenarios of smart power grid based
on a digital twin;

e Describe the architecture and data content in this scenario
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1.6 Objectives of use case

Ob

jectives of use case

Objective 1: to achieve panoramic vision of power grid substation and electrical
equipment, and identify power grid operation risks;

Objective 2: to diagnose, assess and warn of risks of electrical equipment of different
types;

Objective 3: to conduct virtual service commissioning of electrical equipment based on
business processes and maintenance policies;

B.6.

1.7 Narrative of use case

Na

rrative of use case

Sh

brt description

Thi

degcribes the use case scenario. The process consists of simulatioh modelling, state

ma

corjstruction "from real to virtual state", self-operation ensurés the dynamic operation of the

dig

complete the "virtual-to-real" closed loop.

5 use case introduces the whole process of power grid digital twin/construction and
pping, self-operation and actuation. Simulation modelling,and state mapping realize the

tal entity, and actuation realizes the impact of the running results on the real world to

Co

mplete description

A digital twin constructs a digital mirror symmetrical to the real world, so as to dynamically

pre
acq
for

The¢ power grid digital twin construction not only realizes the deep integration of cloud

cor
chd
SC8
dim
abi
chd

from hierarchical to flat, which leads to the reform of business model.

sent and effectively manage the past and current behaviours of a physical entity, and
ordingly predict its future behaviours: The information interaction is the basic guarantge
communicating with different domains and realizing the digital twin.

nputing, big data, loT and:other digital technologies with production business, but alsg
nges the traditional substation operation mode. Meanwhile, data of different kinds, time
les and parts are collected for the information integration with time and space

ensions. The digital'twin entity realizes visual display, analysis, automatic alarm of
ormal state and equipment fault judgment. The business of equipment maintenance Has
nged from ufitary to comprehensive mode, and the management structure has changgd
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Real space Virtual space

Data

IEC

an
op
SYS
ang
inte
ang
upd

At
equ
virt

In power grid, the digital twin technology realizes the integration of "physical power grid"

"virtual power grid". Electric power employees use digital technology to understand gnd
mize physical grid, form a mechanism for the integration of physical device, control
tem and information system, and implement real-time control of power grid-operation

management. It completes a closed loop of grid state awareness, real-time analysis,
lligent prediction and accurate execution. While promoting the digitization, networking

internalization of traditional power grid, this improvement supports{he industrial
rading.

bresent, the digital twin grid realizes panoramic vision of substation and electrical
ipment, risk diagnosis and warning for electrical equipment,_business debugging with
ual entities.

1)

2)

3)

Simulation modelling: the digital grid entity copiesdhe physical entity digitally and
simulates the status and behaviour of the substation in the real environment. The modgel
can be used to carry out virtual simulation, sand table calculation as well as strategy
verification for the design, construction, operation and maintenance process of the
substation, and to understand the status of‘the substation and respond to changes.
Generally speaking, it covers physical models, power system models, energy field
models, and their relationships.

State mapping: According to the flow, fusion, control and inter-operation chain of "daf-
information-knowledge", the state'and business process in the operation of power grid is
reflected. State mapping can’be divided into process mapping and data mapping.
Mapping methods consist of*data connection, service requirements, process design and
development, and multi=source heterogeneous data fusion.

Self-operation: the digital twin power grid realizes self-operation according to externaj
data changes and.internal policy updates. Virtual entities and physical entities are
updated synchronously to generate judgment conclusions or operation guidelines with
the application.value. The self-running process relies on one or more information
systems omn electronic modules. According to the different degree of self-operation, it ¢an
be divided into primary and advanced levels.

Primary level: Record. The virtual model at this level can import dynamic data and
dynamic flow to realize dynamic update of substation operation process. Meanwhile, the

madel connects with Inhyeir‘al pntity thmngh data status pracess r‘hnngpe and suppdrt

4)

for operation monitoring and fault analysis.

Advanced level: Thinking. The model at this level not only records the historical state,
but also calculates the abnormal conditions of the substation with the help of intelligent
algorithms and empirical models.

Actuation: When the equipment is damaged and updated, or has technological
transformation, the traditional substation can only be updated through manual
intervention. The power grid digital twin realizes iterative optimization through the two-
way cooperation between the virtual and real entities so as to achieve the effect of
reverse actuation. The common reverse actuation measures include simulation,
monitoring, diagnosis, prediction and control.
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B.6.1.8 Entities which need to be modelled as digital entities in use case
Entity Data Model type Requirements or
name constraints on the models
Substation |Space information, physical model Performance requirements:
entity appearance information, consistency, accuracy and
(including state information, attribute fineness
equipment) |information
enefgy fields! Electric field infnrmnfinn, phyeir\al model Performance rnqllirnmnn S:
magnetic field information, Consistency, accuracy
heat field information,
force field information,
light field information,
sound field information,
fluid field information,
insulation field information
power Dynamic equivalence physical model Performance requirements:
sysfem information, Consistency, accuracy
power load information,
section parameter,
characteristic variable,
topological information,
energy consumption
information,
interference informatiaen,
metrical information,
excitation parameters
Diagnose Equipment:operation data, |knowledge or Performance requirements:
and|assess defect data, artificial intelligence |accuracy rate, accuracy
rulejand model rate, recall rate;
algqrithms | operation time data,
sensor data, Input and output
scheme execution requirements: interface
information
Operation Operation and maintenance |knowledge model Performance requirements:
and data, process drawings, accuracy rate, accuracy
maintenance role information rate, recall rate;
Process or
rule

Input and output
requirements: interface
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B.6.1.9 Actors: people, organizations or systems

Actor name Actor type Actor description Actor interactions
(Transactions
between Actors)
(optional)

Power O system Inspection engineer, duty officer,

business actor maintenance engineer, operation

professionals | M business and maintenance engineer,

actor: role: | debugging engineer
user

Degision user O system Risk assessment engineer, data

actor analyst, failure analyst, risk early
M business warning analyst

actor: role:

user

Information M system System Development Engineer,

professionals actor system operation and maintenance
O business personnel, rights management,
actor: role: | system configuration, upgrade and
user optimization

B.6.1.10 Life cycle of use case

Life cycle of use case

OO0 8OO0

inception phase

deployment phase

re-evaluate phase

retirement phase

design and development phase
verification and validation phase

operation and monitorifig phase
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B.6.1.11 Key performance indicators (KPls) of use case
Name Description Reference to mentioned use
case objectives
conformity Agreement or logical coherence Objective 1: to achieve panoramic
among the digital entities and the vision of power grid substation
corresponding physical entities and electrical equipment
accuracy Physical model Objective 1: to achieve panoramic

vision of nower arid substation
Lad J

Power system models

Energy models

and electrical equipment

syrlchronizati
on

Status of digital entities in the digital
twin can be synchronized with the
status of the real-world entities, or vice
versa, using timely-manner networking

Objective 2: to diaghose, assesp
and warn risks of electrical
equipment of\different types

B.6.1.12 Digital infrastructures
Name Description Impact on use case
Logical level: Data topology that covers allitypes | Fundamentals of use case

unified grid model

of equipment, including power
transmission, generation;
transformation, distribution and
consumption

modelling, mapping and interactjon

Eqdipment level:

datp centre

Unified carrierfor data acquisition,
storage and-calculation

Fundamentals of use case running,
interaction

B.6.1.13

Challenges*and issues

Issjue

Impact of issue on use case

Reference

Data acquisition

inconsistent with model integrity

Collection performance of terminal equipment is

Data quality Dafa accuracy and Integrity need o be
continuously improved
Standard Digital twin construction process specifications

specifications

missing or inconsistent
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B.6.1.14 Referenced standards and standardization committees (optional)

Relevant standardization | Standards relevant to the use Status of standard
committees case

B.6.1.15 Referenced papers or patent (optional)

References Type Impact on use case Links

B.6.1.16 Relation with other known use cases, for example common requirements
(optional)

Knpwn use case Source Relationship

B.6.1.17 General remarks (optional)

Geheral remarks

B.6.1.18 Data security; privacy and trustworthiness (optional)

Data security requirements and implications for applications and systems

The¢ network sécurity technology involved in this case covers three aspects: system,
network, and\information. The application of these technologies not only avoids loss or
degtructioh. of data during storage, processing and transmission, but also ensures optima|
sedurity for the grid digital twin construction within specified performance, time and cost
ranjges.

Privacy requirements and implications for applications and systems

Trustworthiness requirements and implications for applications and systems
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B.6.1.19 User requirements and interactions with other actors (optional)

User requirements and interactions

Power professionals and Decision user make requests for business, Information
professionals develop and update on these grounds.

B.6.2 Drawings or diagrams depicting the use case

B.6.R.1 Drawing of use case
{ v"
Drawing or diagram of use case Q
A
Virtual World - Digital Grid
Running Vo N

88 Project = Production Operation Marketing PeI;etlirg:u- Operatioh, N = Actual
Application ( == _ _
Servritccles Catalogue Logout Monitoring Goverfi/ , Simlstion

el (\\\v Monitoring
88 Model Equipment Grid Outage .o/ Fault Diagnose
| Business Building Query Visualization = Simulation ¥ Analysis Forecast Virthal
Physical Sanfes
Va\ N
Modelge Data Service§) ¥ = i

Data centre N\ oY

= Data 9

Viftual Mo.di?s Physical Model Power System Model Energy Field Model Process Phygjcal
O | Paas
oD
\ IAAS
[ = ) N
Terminal () Communication Platform
\L\

o
Q\\ Real World - Physical Grid

IEC

Frdm bottom to top,the reference architecture of this use case consists of the following
pants. The underlying data collection part mainly collects all kinds of power grid operation
dat throughtintelligent devices and the Internet of Things, which realizes data aggregatipn
and storage_by using cloud computing technology and cloud platform.

Th
co ; ;
mapping. It will be the business services that are responsible for the operation of
digital entity, and the digital construction for substation from real to virtual levels is thus
completed.

nydata storage, gathering, cleaning and integration will be done in the data centre,

The results of digital substation products affect the actual power grid simulation, monitoring,
diagnosis and prediction. The substation operation in the physical world will be guided
through the actual interaction, and new data are used for digital substation functioning. In
this way, the complete full digital-twin closed loop between the virtual and real worlds is
established.
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B.6.2.2

!

I
ommon Data Mode

—91-—

Data flow diagram of use case (optional)

Substation in Power Grid

Application Data

Data Centre

. |
Application Data Mode

Real-time Data

Real-time Data Mode

Common Data Source Application Data Source Real-time Data Source e ’E)[ﬁarnal Data
. L " " Outage /
PrSodslgt:n Rg":g:::y Dlgpzt‘(e:fr\'l]ng information Security Digital Environm*!\l p Weather|
| s HProduclion Assets . | Y3 Y Y pool information operation monw informatiof
System System system - Internet of [ bv
Syst Things OMS EMS On-line Electric Economic
ystem platform monitoring parameters { o data
E btering | | Dispatching | Z
system system Decision Etlectronlc '\
platform ransfer ... C)
system | 0 L s e
/ 2
N% e

B.6.p.3

Sequence diagram(s) of use case (optio IP

N

)
Deployment diagram(s *Sf use case (optional)

O
ot @‘(optional)

B.6.R.5

B.7 Smart construction life cycle — Construction-phase digital twin model
B.7.1 Description of use case
B.7.1.1 Name of use case

007 | Smart construction life cycle — Construction-phase digital twin model — ES
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Application area or context of use

AEC (Architecture, Engineering, and Construction), entire construction life cycle

B.7.1.3 Version management

Cthges Date Name Approval status (optional)
or yersion Author(s) or committee
V1[0 2022-03- COGITO EU project draft
08
B.7.1.4 Basic information to use case
Solurce(s) or literature (optional) Link (optional) Conditions
(limitations) of usé¢
(optional)

- https://6ogito-project.eu/

Maturity of use case

in business operation,

realized in demonstration project
realized in R&D

in preparation

Ox OO0

visionary

Geheric, regional-or national relation

Eufopean Unjon

Verticalapplication area

AEC (Architecture, Engineering, and Construction)

Well-known or related commercial or existing use cases (optional)

Keywords for classification

Al application, system integration, information exchange, construction, project management
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B.7.1.5 Scope of use case

Scope of use case

Describe a real-time digital representation (twin) of a construction project to monitor real
construction projects from their design to implementation stages that fuses:

as-designed multidimensional Building Information Model (nDBIM) information, with
as-is BIM information,

live loT and visual data, and

the (machine or human) project management decisions taken using that data.

B.7.

1.6 Objectives of use case

Ob

ectives of use case

Objective 1: To guide, monitor, and optimize the physical construction workflows,
improving schedule and cost predictability while ensuring technieal requirements and
zero accident objectives.

Objective 2: To enable systematic, rapid, and highly autémated visual and geometric
quality control of executed construction works, leading:to faster and cheaper
certification, objective production control, and accelerated risk assessment.

Objective 3: To reduce construction accidents through continuous monitoring and
effective communication of hazards and planning of collective and personal protectivg
equipment requirements throughout construction projects. Also to provide
contextualized health and safety training,.This will lead to effectively predicting and
reducing construction site accidents and\improving worker competencies.

B.7.

1.7 Narrative of use case

Nar

rative of use case

Shdrt description

A c@nstruction company needs to guide, monitor, and optimize a construction project from

thre|
sor
the
and
the

e perspectives:‘time, cost, and quality; to these, "health and safety" is often added. Tq

construction project, from the as-designed data (including the Building Information Mo
the praecess data) to the as-built data (including real-time IoT and visual data) related
bhysical components making up the project as well as the resources (For example

do

bquires managing and integrating the virtual representations of all the entities involved in

del
to

wor

ers, equipment) involved in its delivery

Complete description

One of the main objectives when developing a digital twin in the field of construction is to
monitor all aspects related to the development of construction projects. The constant digital
monitoring supported by simulation gives the possibility to prevent any contingency that can
occur in the production process of the construction site. Specifically, the digital twin model for
construction projects must consider the following aspects:

e Life cycle: The digital twin model encompasses part or the entire life cycle of the
construction project with the primary objective of optimizing time, cost, quality, and
workers’ safety.
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e Monitoring: The digital twin model is connected to the physical environment through an
underlying sensor network, selecting and filtering the data required for daily operational
management. These data are fed into decision-making by humans or artificial intelligence
techniques.

e Simulation: The digital twin model supports simulating all the interactions among the
different elements and actors of the construction site in a digital environment. Therefore,
before on-site implementation, the digital twin is the virtual test bench for any construction
process.

e Prediction: The digital twin model captures events from the physical construction site and

enables an intelligent and adaptive construction process, predicting and issuing alerts
elated fo the different physical assets.

e Optimization: The digital twin model provides a holistic approach to all the construction
broject parameters and identifies the actions or decisions to achieve the best possible
broject outcomes.

Thefefore, developing a digital twin in the construction domain helps streamline project
deliyery and achieve optimal control and intelligent management.

In this context, a bundle of novel services can facilitate: (i) timely detection of health and
safgty hazards to humans, (ii) timely identification of quality defects, and (iii) providing mgans
for neal-time on-site workflow management.

and|safety related issues at construction sites. In the planning phase, potential constructipn

sitelhazards and necessary protective equipment must)be identified considering the Building
Infofmation Model and its 3D geometric elements. by, defining appropriate construction sp3gtial
zones in the 3D BIM model, shown in Figure B.1:

Work must be done in different phases of the construction-project life cycle to mitigate he?th

IEC

c: . . -
Figure B-t—=Geometricanatysisof safety prevention

It is essential to detect rapidly unfolding risks on the construction site during the construction
execution phase, using location tracking data to prevent potentially hazardous situations,
shown in Figure B.2. This allows to predict potentially dangerous activities and issue
personalized alerts.
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Furghermore, during the whole life cycle, it is of interest to provid% sual and interactive
trainning materials (For example using virtual reality), taking i @ nsideration worker-spegific

aspects and, if possible, the real construction environment shown in Figure B.3.
O

A

C) IEC
@ Figure B.3 — Safety training scenario

O

rol in construction sites can be approached from different perspectives. One df
ensure that geometric specifications are met during the construction process. Tlo

here aeometri ay= ations-app the

Quglity
them.i
do doreguires defining-duringthe pla a oS-
project (by analysing the BIM model). Then, during construction execution, 3D data captured
from the construction site are analysed and compared to information contained in the digital
twin (more specifically the BIM model) to recognize the BIM components and then assess

whether their attached geometric specifications are met, shown in Figure B.4.

alalla¥a 0. \A
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Another perspective is automatically detecting and classifying_.éommon visual construction
defgcts in 2D images acquired on site (either manually by-a.worker or periodically). Artificjal
intelligence techniques (For example deep learning) cah automate detection with minimal
neefl to manually confirm the detected defects, showh in Figure B.5. All this visual quality
infofmation is included in the digital twin to supportiother tasks in the construction process.
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Figure B.4 — Segmented construction components after voxel,space point matching

Actual: BLISTERING
Predicted: NORMAL
Confidence: 45,31 %

Actual: BLISTERIN(
Predicted: NORMAI

g

”

=¥

Confidpnce:_ 45,52 Y

vy

w

ISO/IEC TR 30172:2023
© ISO/IEC 2023

IEC

Actual: BLISTERING Actual: BLISTERING
Predicted: BLISTERING Predicted: HONEY€OMB
Confidence: 52,46 % Confidence: 69,88 %

Actual: Cl ED Actual: CRACKED
Predicted: CRACKED Predicted: CRACKED
Confidence: 95,42 % Confidence: 100 b

ST

Actual: MOSS
Predicted: MOSS
nfidence: 69,71 %

g

Figure B.5 — Sample defect predictions

On-site visual data capturing based on Augmented Reality enables the live visualization of
the geometric, visual, and safety issues. The relevant stakeholders will be able to visualize
the detected issues to confirm them and propose remedial tasks in the workflow, shown in
Figure B.6.
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Figure B.6 — On-site defect visualization, def@\confirmation,
and addition of remedial wo\

Ily, It is important to define an environment where €he construction process and workf]
be modelled and incrementally refined throughQ@JIation and optimization mechanisr
-scheduled data and resource allocation. N

QO
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adapt the workflow in case of planned@unforeseen changes during the construction
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'mation and instructions of the pr s, reporting work progress and issues, and
iving updates from the constrsli'Sl n manager or foreperson.

=&
oo®
&
®
D
S

NS



https://iecnorm.com/api/?name=432dc9a98c5ad8446dd679fa762be6f0

— 08 —

ISO/IEC TR 30172:2023
© ISO/IEC 2023

B.7.1.8 Entities which need to be modelled as digital entities in use case
Entity name Data Model type Requirements or
constraints on the
models
Construction Geometric and spatial Physical and Performance
site information, facility knowledge requirements: consistency
information, process model and accuracy
information, resource
information Inlmlf and r'\llflnllf
requirements: interface
Conpstruction Process information, task | Knowledge Performance
projcess information, work order model requirementsi\consister|cy
information, resource and accuracy
information
Input and output
requirements: interface
Copstruction Geometric and spatial Physical model Performance
element information, task requirements: consisterlcy
information, quality and accuracy
information
Copstruction Spatial information, Physical model Performance
equipment work order information requirements: consisterjcy
and accuracy
Waorker Spatial information, Physical model Performance

work order information

requirements: consisten
and accuracy

Input and output
requirements: interface

Regulation: EU Genera
Data Protection
Regulation

cy
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B.7.1.9 Actors: people, organizations or systems

M business

people involved achieve the

Actor name Actor type Actor description Actor
interactions
(Transactions
between Actors)
(optional)

Project O system Monitors and controls all aspects of

manager actor the project and ensures that the

M business

actor: role: | objectives in time and cost,

user performance, and quality. Also
coordinates the design team,
ensuring that the project can be
effectively executed with the
appropriate information and
understanding.

Sit¢ manager - Z)éf:?m Oversees site operations on a ddy-

to-day basis and ensures that.work
is done safely, on time, within

actor: role: | budget and to the right qualjty
user standards. Has in-depth knowledge
of construction methods.
Qupntity O system Works closely with and helps project
suriveyor actor managers deliver the project on
M business time, within'sCope, and on budget.
actor: role: | Provides~dguidelines, estimates, and
user forecasts of labour, material, and
overhead costs, supervises the
manitoring of progress on site and
consequent estimation of the value
of work completed.
Foreperson L systefg Is responsible for a group of workers
acior forming a construction crew. Is
M (business usually a senior worker.
actor: role:
user
Waorker O system Is a tradesperson, labourer, or
actor professional employed in the
M business physical construction of the building
actor: role: | or infrastructure asset.
user
Quality O system Is in charge of planning the
manager actor collection of and reviewing the
M business quality control reports to verify if
actor: role: | each element of the project complies
user with standards and regulations, is

safe, and does not present any risk
to the project. It is possible to also
go on-site and conduct inspections,
and through such process collect
additional data (For example
photographs).
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M business

actor: role:

from surveys of sites using tools like
total stations, levels, laser scanners,
or cameras. Will also likely conduct

Actor name Actor type Actor description Actor
interactions
(Transactions
between Actors)
(optional)
Surveyor O :Zfé?m Is in charge of acquiring the data

USCTl

thc L,unlputatiuua |cqui|cd fIUIII thc
data to infer whether works are
conducted according to
specifications and compile quality
control reports.

Hegth, Safety,
Enyironment

O system
actor

Is in charge of the compliance of all
health and safety legislations. Also

(H$E) M business assists in the creation and

Mahager actor: role: | management of health and safety
user monitoring systems and policies”in

the workplace.

Heaglth, O system Is responsible for monitoring health

Safety, actor and safety risks atthe workplace

Enyironment M business and advising empleyees on avoiding

Supervisor actor: role: | them. Also manages emergency
user procedures!

Health, O system Is responsible for training

Safety, actor construction site employees to

Enyironment M business improve health and safety standards

Trginer actor: role: ,/(in the workplace and to comply with
user health and safety regulations.

B.7.1.10 Life cycle-of digital twin system in use case

N

Life cycle of digital twin system in use case

Va)

requirements phase
development phase

test phase

O0o0o0o0ord

integration phase
installation phase
modification phase
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Key performance indicators (KPIs) of use case

Name

Description

Reference to mentioned use case
objectives

Consistency

Logical coherence among the
digital entities and the
corresponding physical
entities and among the digital
entities themselves.

For Objective 1, to ensure that
decisions are taken on a reliable
replica of the construction site.

Copformity

Determination of whether the
digital representation of the
construction site meets the
specified requirements.

For Objectives 2 and 3, to ensuré-that
specifications and regulations-are met
with respect to geometric and visuagl
quality control and health 'and safefy
quality control.

Symchronization

The status of the digital
entities in the digital twin can
be synchronized with the
status of the physical entities,
or vice versa, using timely-
manner networks.

For Objectives 1,42;-and 3, to ensufe
that the digital representations of ajl
the construgction elements and
resources\(équipment and workers) in
the construction site are up to date

Trgceability Ability to trace the history, For Objectives 1, 2 and 3, to enable
allocation, or location of the construction site’s monitoring,
equipment and workers. simulation, and prediction.

Prdductivity Ability to be efficient while For Objectives 1, 2, and 3, reduce
obtaining long-term tesilience | costs, improve predictability, and
and meeting shortsterm minimize risks and maintenance.
financial goals:

Safety Knowledge and For Objective 3, to reduce
understanding of health and construction site accidents and to
safetyaspects is key to improve worker competencies.
reducing costs and keeping
staff productive by predicting
any prior contingencies using
the digital twin model.

B.7.1.142._ Digital infrastructures

Name

Description

Impact on use case

2D photographic
and 3D scanning
(and

photogrammetry)

This equipment is used to capture
the visual (2D) and geometric (3D)
states of the construction site.

These data are used for visual
and geometric quality control
assessment and health and
safety control.

Localization and
tracking

This equipment is used to track the
different moving resources on the
construction site.

There is the need to know the
location of workers and
equipment in order to support
them in performing their tasks
and to enable real-time health
and safety control.
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Name

Description

Impact on use case

End-user devices

Users use this portable equipment to | End users have digital devices
send and receive different types of that allow them to know the

information.

current work orders of their

location and warn them of any
danger that is occurring or can
occur on the construction site.

Artificial

A collection of artificial intelligence Workflow optimization, visual

inte

[ligence

techniques supports different
aspects of the digital twin.

quality control, and health,and
safety assessment tasks
require different artificial
intelligence techniques.

Furthermore, knowledge
representation(is necessary|to
enable semantic
interoperakbility with the digital
twin platform.

B.7.

1.13 Referenced standards and standardization committees (optional)

Re

committees

evant standardization Standards relevant

to-the use case Status of
standard

B.7.

1.14 Referenced papers or patent (optional)

Re

erences

Type

Impact on use | Links
case

B.7.

(optional)

1.15 Relation with other known use cases, for example common requirements

Kn

pwn use case

Source

Relationship

B.7.

1.16 General remarks (optional)

General remarks
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B.7.1.17 Challenges and issues (optional)

Challenges and issues

B.7.1.18 Data security, privacy and trustworthiness (optional)

Data security requirements and implications for applications and systems

Privacy requirements and implications for applications and systems

Trystworthiness requirements and implications for applications and systems

B.7.1.19 User requirements and interactions with)other actors (optional)

User requirements and interactions
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B.7.2 Drawings or diagrams depicting the use case

B.7.2.1 Drawing of use case

Drawing or diagram of use case — For example graphic depiction of use scenarios, or
"use case diagram™

The use case diagram is split into two to reflect the information flow on the use case and
improve its readability. The first diagram depicts the use case diagram relevant for the
planning phase before the actual construction works start. In contrast, the second diagram
represents the information flow during the construction phase.

J User interface

0‘ V
2. Send optimized A q ,»°
‘ workflow (BPMN, ‘ .
Process Modelling including Work Order Definition Safety Analyser
and Simulation ~ —SlemenisiDs) and Monitoring y Analy
| 1 [ ¢ | Dt |
1.1.4 Request 1.1.b Send 4.1 Send associated 1.1.a Request 4D 1.1.b Send 4D |_2|as ?(is
schedJie (including schedule (including ~ °-1-2 Request 3.1bSend | g Aswith involved  BIM (schiedule, BIM (schedule, |, 215~
elenjents IDs) elements IDs) resources resources KPlIs and tasks gedmetry) geometry) P

audit|path

Digital Twin Platform

A Y Y

0.1 Upload 0.2 Upload 0.3 Upload
3D BIM schedules resources

J N7

| As-planned 3D BIM I As-planned schegﬁ I As-planned resources

Figure B.7 — Use case diagram: before construction starts

IEC

As-planned data include the 3D BIM model, scheduling data that could be the fourth
dimension of the BIM model, resources“(workers and their roles and heavy machinery), and
cos{ data that can be considered the fifth dimension of the BIM model. Before construction
works on a project start, the as-planned project data are uploaded to the Digital Twin
Platform. Then, the information flows as follows:

1) The Process Modelling and Simulation component requests and receives a subset of the
D BIM data (as-planned schedule including construction element identifiers) from the
igital Twin Platform. It generates an optimized business process and workflow mode

hat is sent to the' Work Order Definition and Monitoring component. In parallel, the Safety
nalyser component requests and receives (a) the 4D BIM data from the Digital Twin
latform_and-(b) formalized safety code rules from its local database to enrich the 4D BIM

ata with-health and safety information. The enriched 4D BIM model is sent to the Digital
winPlatform.

2) TheMWork Order Definition and Monitoring component requests and receives: (a) the as-
planned resources data from the Digital Twin Platform and (b) the service level
agreement templates for work orders, and after the user defines the work orders and their
assignments to personnel, it sends the associated service level agreements along with
involved personnel and tasks to the Digital Twin Platform.
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Drawing or diagram of use case — For example graphic depiction of use scenarios, or
"use case diagram"

In th
wor

1)

2)

3)

Digital Twin Platform

Work Order ® User interface
Execution Assistance
Process 1.1.a Assigned 1.1.b Tasks
Modellin g tasks to workers Progress
and 1.1.a Tasks
Simulation _Progress Work Order
Definition and O : : - -
= NOTTTOTTTg Geometric-Quality—\isual-Quality
eimized ST Control Control
[—T— 010 | K | [ | [+ nJd
1.3la 4 Send 1a 1.b Send 1a 1@
Reqfiest 1.3.b Send 4 Send tasks 1.a Request 1.b Send lﬁpda(tied Request BIMand | 3Send Request Send’| 2 Spnd
resodrces resources progress and resources resources repgg and BIM and point Geometric visual visdal |visugl QC
dala data updated workflow tracking data | |tracking data audit path  point cloud cloud | QCreport data data refort

t t }
loT data pre- Visual data pre- # \
processing processing l l _ \ i
I I Digital Command Visualization and Safety Training
Location Data | | Multi Source Images ‘ O Centre .Augm\e{tiﬂ Realty

Figure B.8 — Use case diagram: during construction

flow, quality control, and health and safety management:

he as-built data acquired on-site.

sends notifications to workers abduttasks assigned to them through the Work Order
Execution Assistance application.”"Workers also use this application to report their
progress. The Process Modelling and Simulation component requests and receives
esource tracking data fromthe Digital Twin platform. It combines it with the reported
asks progress data, runs;scenario simulation and optimization, and updates the procq
hnd workflow model. The 'updated model is received by the Work Order Definition and
Monitoring component, which in turn sends that task's progress and the updated work
brders (workflow) to the Digital Twin Platform.

Concerning the . prevention of construction on-site accidents, the Safety Analyser
componentyreceives the resource tracking data from the Digital Twin platform and
brocessesythem in combination with the 4D BIM model enhanced with health and safe
nformation to generate alarms for health and safety risks that are sent as notifications
he-Work Order Execution Assistance application. The Safety Analyser also updates it

e construction phase, groups of components are\collaborating to provide support for fhe

lhe 10T and Visual Data Pre-processing components feed the Digital Twin Platform with

Regarding workflow management, the:Work Order Definition and Monitoring component

L2

health and safety parameters and rules.

4)

5)

For quality control checking, the Geometric Quality Control component requests and

receives the 4D BIM model and point cloud data from the Digital Twin Platform to produce

the geometric quality control results that are forwarded to the Digital Twin Platform.

Similarly, the Visual Quality Control component requests and receives the 4D BIM model

and visual (imagery) data from the Digital Twin platform to produce the visual quality
control results that are forwarded to the Digital Twin Platform.

The Digital Command Centre and Visualization and Augmented Reality components are

used mainly for visualization purposes; the Safety Training component is used for
workers’ training.

IEC

to



https://iecnorm.com/api/?name=432dc9a98c5ad8446dd679fa762be6f0

- 106 - ISO/IEC TR 30172:2023
© ISO/IEC 2023

B.7.2.2 Data flow diagram of use case (optional)
Data flow diagram of use case
B.7.2.3 Sequence diagram(s) of use case (optional)

Sequence diagram(s) of use case

B.7.2.4

Deployment diagram(s) of use case (optional)

Deplo

yment diagram(s) of use case &%
(ol

B.7.R.5

Others (optional)

If gos

(odtional) ‘\&

sible, provide a graphical image or a vid{Qy the demonstration model

B.8

Smart building — Residential explicit demand response — Consumer
behavioural digital.twin for energy demand prediction

B.8.11 Description of.use case
B.8./1.1 Name of use case
ID Name of‘Use case

004

Residential explicit demand response — Consumer behavioural digital twin for energy
demand prediction — EU
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B.8.1.2 Digital twin application area or context of use

Application area or context of use

In the context of continuously increasing, highly distributed renewable generation, grid
operators require more flexibility from the grid, to balance the increase of uncontrollable

Renewable Energy Sources (RES) production. As major loads in the grid, and sometimes
also as producers, consumers are at the core of the energy system and thus at the centre
of developing Demand Response (DR) services. These services are expected to massively
increase the efficiency and hosting capacity of distribution networks in the mid-term. This
will allow for the utilization of flexibility in the distribution grid, which will serve to improve

frequency stability and congestion management. The Consumer Digital Twin will be part
a larger system of next generation of energy service applications for demand response,

home automation and home convenience, which considers that consumers or prosumers
arg| at the heart of the energy market by engaging them directly in a co-creationmrocess

Df

with other actors from the energy domain during the design, development, and utilization|of
proractive demand-response mechanisms. These mechanisms will be paired‘with cross-
sedtoral, value-adding services that will be defined according to consumer or prosumer
preferences. The Consumer Digital Twin and the use case were developed within the
context of the European Union’s Horizon 2020 research and innovation'programme in thg
SENDER (Sustainable Consumer Engagement and Demand Responhse) project under grgnt
agrneement No 957755.
B.8.11.3 Version management

Changes | Date Name Approval status (optional)

or Author(s) or committee

velsion

V1J0 2022-02-25 | Jason TSAHALIS draft

V240 2022-03-07 | Christian KUNZE draft

V3]0 2022-04-13 |Jason TSAHALIS for review

V4]0 2022-05430 | Christian KUNZE Adjusted review after input from

SENDER project consortium meetiphg

B.8.11.4 Basic information to use case
Solirce(s) or literature (optional) Link (optional) Conditions
{imitations)-ofuse
(optional)
/ / /

Maturity of use case

O in business operation,
realized in demonstration project
realized in R&D

in preparation

O0o0R

visionary
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Generic, regional or national relation

European Union

Vertical application area

Smart buildings for electricity grid flexibility

Well-known or related commercial or existing use cases (optional)

\

Keywords for classification

Engrgy grid; smart home; smart building; flexibility; load forecasting; consUmer
engagement; consumer behaviour

B.8.11.5 Scope of use case

Scope of use case

e |Participation of consumers through smart home orbuildings in demand response.

B.8.11.6 Objectives of use case

Objectives of use case

e |Objective 1: to propose or offer Smart Home or Building flexibility to market actors
through the form of flexibility forecasts.

o [Objective 2: to adapt the:Behaviour of the Smart Home or Building following the
reception of flexibility activation demands.

B.8.11.7 Narrative of use case

Narrative of{use case

Short description

This use case describes how the SENDER solution will extract flexibility from four different
assets of a Smart Home (HVAC system, lighting system, hot water tank and Electric
Vehicles) to propose them to a flexibility market. The digital twin developed describes the
occupant or consumer behaviour in the Smart Home.
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Complete description

res

Thi

ponse to supply constraints.

This use case describes:

In a context of decentralization of energy generation, grid operators (Transmission System
Operator — TSO and Distribution System Operator — DSO) are facing new challenges:
frequency deviation, voltage drop, congestion, etc. Occupants of a Smart Home or Building
can contribute to grid stabilization by taking part in Explicit Demand Response. Demand
Response (DR) refers to a reduction or a shift of the electricity usage of a consumer in

How Smart Home or Building, equipped with the SENDER solution, takes part in

Air-Conditioning (HVAC) systems, lighting systems, Hot Water Tanks or Elegctric
Vehicles (EVs) to an aggregator. The aggregator can, in return, provide multiple
services (frequency management, voltage control, congestion management, etc.) to g
operators (DSO or TSO). It is important to mention here that the SENDER solution wi
ensure that occupants’ comfort is not violated (For example house temperature is
always within comfort boundaries, vehicle is charged at its departure time, etc.)

How Smart Home or Building, equipped with the SENDER solution, responds to
flexibility activation demands by automatically adapting the-toads of the aforemention
assets according to the flexibility activation demand

How the occupant of the Smart Home or Building will be notified about automatic
responses and DR requests and can opt-out of a planhed or ongoing automatic
response after receiving a notification. In that case, the Smart Home will apply a new
strategy that matches the consumer’s instructiofis. Note that this opt-out option needs
further discussion between partners and in co-creation and that we might limit this
option for the project demonstration activities

5 use case is composed of the following-functions:

Evaluate flexibility that can be extracted from HVAC systems, lighting systems, hot
water tanks and EVs

Send flexibility offers or forecasts to an aggregator

Upon receipt of a flexibility activation demand, define and carry out the proper remotg
controls for load dispatching

At the end of the flexibility period: define and carry out the corrective controls for
switching loads back on if need be

Opt-out —give the possibility to consumers to not take part in any Demand Response
a defined\period of time

Demand Response by proposing or offering flexibility extracted from Heating Ventilating

rid

19%
o

for
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This use case relies on the following principles:

P1. This use case considers flexibility to apply on a period basis.

P2. This use case considers flexibility intended for:

— Areduction or termination of loads or electricity generation

— Arrise in loads or electricity production.

e P3. Flexibility is usually composed of two elements:

— A flexibility forecast, sent by the SENDER solution to an aggregator, indicating the

start af thg nariad thg invalvygd canacitv aor anarav and nericd duration
o+t He- e H o8 a-capPa Gty o-8hergyaRapeHoaatatoh

— A flexibility activation demand, sent by the aggregator to the SENDER solutiom
indicating the validation of a previously sent offer or forecast and detailing the)star
of the period, the capacity or energy to activate or deactivate and its duration.

—

e |P4. This use case assumes that the SENDER solution sends the flexibilitysforecasts
from several buildings to the aggregator, who, in return, selects the moest_proper ones|
and creates the flexibility activation demands depending on the needs of the system
operator.

o |P5. Appliances taking part in the DR scheme are:

— Heating, Ventilating and Air-Conditioning (HVAC) system
— Lighting system

— Hot Water Tanks (HWT)

— Electric Vehicles (EV)

e |P6. The consumer can opt out of the flexibility scheme if no flexibility activation demand
is ongoing.

e |P7. This use case assumes that the hous€hold is equipped with an Internet connectign.
This use case is composed of the following scenarios:

1) |Flexibility from HVAC and lighting systems: the SENDER solution evaluates the
flexibility that can be proposedby HVAC and lighting systems, sends flexibility forecapts
to an aggregator, executes the proper control actions on the related appliances upon
flexibility activation demand from the aggregator and informs the Occupant if necessqry

2) |Flexibility from hot water tanks: the SENDER solution evaluates the flexibility that car
be proposed by hetiwater tank, sends flexibility forecasts to an aggregator, executes the
proper controlactions on the water tank upon flexibility activation demand from the
aggregator andinforms the Occupant if necessary

3) |Flexibility\from Electric Vehicles: the SENDER solution evaluates the flexibility that can
be proposed by plugged Electric Vehicles, sends flexibility forecasts to an aggregator]
adapts.the EV charging process upon flexibility activation demand from the aggregatg
and jinforms the Occupant if necessary

=

4) Tonsumer customizations and possible opt-outs (If no 1lexibility activation demand 1S
ongoing)
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The main innovation of this use case stands in the co-simulation performed by the Load and
DER forecast tool and the Consumer Digital Twin, which operate in tandem. The load and
DER forecasting system developed in the project addresses the problem in an innovative
way by realizing a probabilistic forecast of loads and generation of the PV systems at the
single house and installation level. The loads of individual houses show a very high level of
variability, which makes accurate deterministic forecasting extremely difficult, not allowing
the use of techniques traditionally applied for load forecasting at grid level, for example in
power dispatching. Modern machine learning techniques are necessary, and above all, a
probabilistic forecast is required that is not limited to giving an indication about the
expected value for consumpt|on but that prowdes an estlmate of the probablllty distribution

Annex 66, further augmented by the inclusion of artificial intelligence for enhanced
adaptation to the Consumer trends or habits and for better and maere accurate co-simulatjon
predictions of the energy consumption.

B.8./1.8 Entities which need to be modelled as digital entities in use case
Entity name Data Mo@}ype Requirements or
constraints on the
AR models
2
Conpsumer Parameter Al, data mining, Requirements: accurac
information for statistical, Constraints: GDPR
buildings, stochastic, meta. '
occupants,
behaviours,
calendar.
Smiart Home or Sensors, HVAC, Physical model Requirements: accurac
Bujlding lighting, HV Constraints: GDPR
charger
Welather or Temperature, Physical model Requirements: accurac
Enyironment humidity,

illumination, CO,

concentration,
human flow, etc

B.8.1.9 Actors: people, organizations or systems

Actor name Actor type Actor description Actor interactions
(Transactions
between Actors)
(optional)

Consumer Business Actor A party that consumes
electricity
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Actor name

Actor type

Actor description

Actor interactions
(Transactions
between Actors)

(optional)

Smart Home Logical Actor House or apartment equipped
with a communicating
(electricity, telecoms) and
structured home area network
(HAN)

Hegting Logical Actor System providing heating and
cooling to residential and

Vehtilation commercial buildings. HVAC

Air systems provide thermal

Copditioning comfort for occupants
accompanied with indoor air
quality. Primary HVAC

(H tAC) equipment includes heating

sygtems equipment, ventilation
equipment and cooling or air-
conditioning equipment,

Lighting Logical Actor System providing lighting to

syqtems residential and eofmmercial
buildings

Hot Water Logical Actor Water heating is a heat transfer

Tanmk process‘that uses an energy
source'to heat water above its
initial temperature

Electric Logical Actor Automobile which is powered

Vehicle (EV) completely or in part by
electricity and whose battery
can be charged from an EVSE

Electric Logical Actor Electric Vehicle charger

Vehicle

Supply

Eqliipment

(EVSE)

SENDER Logical Actor The solution developed in the

solufion SENDER project and which
supports this use case

Aggregator Business Actor A party which aggregates

flexibilities for its customers
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B.8.1.10 Life cycle of digital twin system in use case

Life cycle of digital t

win system in use case

development phas

integration phase
installation phase

requirements phase

e

O
4}
v test phase
4}
|
O

maoadairication phase

B.8.1.11 Key performance indicators (KPls) of use case

Name

Description

Reference to.mentioned Use
case objectives

Increase profitability
for|DSOs

Increase profitability for DSOs by
increasing the number of potential
DR clients in the next 5 years.
Target: 20 %

For,Qbjective 2.

Number of DR
seryices considered

Target: > 3

For Objective 2.

Pefcentage of power
subscription

Percentage of power subscription
that can be mobilized,for flexibility
per household. Target: up to 20 %

For Objectives 1 and 2.

Pefcentage of energy
corjsumption

Percentage.of energy consumption
that will beymobilized for flexibility
per household in the project.
Target?’5 % to 10 %

For Objectives 1 and 2.

B.8.1.12 Digitalinfrastructures

Name

Description

Impact on use case

Logd andDER
forTcast tool

A system for the forecast of
electrical loads of domestic users
and distributed generation from

Uses the Consumer digital
twin to simulate the occupant
behaviours in the smart horxes

renewable sources, typically
photovoltaic systems. Also links
directly to weather forecasting
models.

or buildings to forecast the
load and DER.

Comfort profile
engine

The purpose of comfort profiling is to
identify the occupants’ comfort
boundaries on indoor ambient
conditions relying on sensing and
monitoring collected data.

Feeds into the Consumer
digital twin the thermal comfort
profiles extracted from the
sensed and monitored data.
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Name Description Impact on use case

SENDER database | Cloud-based central database that Provides the training data for

retains all sensor, monitoring, and the Al component of the
control data of the smart homes or Consumer digital twin.
buildings.

B.8.1.13 Referenced standards and standardization committees (optional)

Relevant standardization Standards relevant to the use case Status of
committees standard

B.8.1.14 Referenced papers or patent (optional)

References Type Impact.on use | Links
case

B.8.1.15 Relation with other known use cases, for example common requirements
(optional)

Knpwn use case Source Relationship

\ \ \

B.8.1.16 General remarks (optional)

Geheral remarks

B.8.1°17" Challenges and issues (optional)

Challenges and issues
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B.8.1.18 Data security, privacy and trustworthiness (optional)

Data security requirements and implications for applications and systems

Th

per
nati
priv
par

2)

In tIrms of data security requirements, it is important that the following“processes and

onal data of involved household consumers. Therefore, the compliance with EU and N
nal regulations on data protection must be guaranteed (see following section on~datd
cy) and it is proposed to sign a specific consent form with all involved, data-pfayiding

The digital twin (DTw) that is the basis for this document was developed within the context of
the European Union’s Horizon 2020 research and innovation programme in the SENDER
(Sustainable Consumer Engagement and Demand Response) project under grant agreement
No 957755. Therefore, the aspects of Data security, privacy and trustworthiness become
mainly analysed from an EU law perspective.

| of

ies. Furthermore, the security and privacy practice must be based on relevant reference

itectures, 1SO standards, NIST guidelines for smart grid cyber-security (NISTIR 7628
EC recommendations on cybersecurity in the energy sector.

sures are taken into consideration:

Files and folders
A common repository for documentation of the DTw is gstablished. It hosts technical

\" 14

o each user from read only to all type of modifications. The access to the repository i
controlled by a central, trustworthy instance (data.repository owner).

Backup and recovery

The site repository keeps a frequent backup procedure to not lose any information, so
case of an incident, the data can be recovered according to the procedures of the data
fepository owner.

material and documentation generated on the DTw; different access rights must be giyen

in
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3) Data security risks
The main data security risks and mitigation actions are presented in the following table:

Risk Mitigation measure
Accidental data A backup copy of the data is available. The backup copy is not in
loss due to the same physical location as the original one.

software or
hardware failure

Data access by Access 1o the data repository is allowed only for authorized user$
unauthorized third |and requires secure authentication mechanisms. The accessis
party restricted by rights to each user, depending on its activity and

required repository modification right requirements.

Data breach Access to data is restricted to pre-defined users. When a data
breach is suspected to happen, a procedure of eommunication and
mitigation measures is put in place.

The repository owner gathers the information with the responsibl
users and notifies the National Data Rrotection Authority (DPA)
within 72 hours, detailing the subjects)that are affected with the
breach and notifying them on the‘concrete violations of their data.

[

PDue to the collection and processing of many.different data sets for the set-up of the
DTws, a PIA (Privacy Impact Assessment) is_ mandatory. A specific Security and Privacy
Plan (SPP) for each pilot in the project wilk,be defined in which the PIA will be schedu1ed
and performed. In the Data registry, alkthese reports will be gathered for possible audjits
and for the improvement of the data_procedures and management.

4) Anonymization

Anonymization is mandatory tosunlink data collected from users. This will be applied for
he recruitment of the users and the collection of their data for identifying patterns.

5) Encryption

All special categories of data as defined by Art. 9 of GDPR, especially sensible data,
must be encryptedito provide confidentiality, integrity, and authenticity of the data.

Privacy requirements and implications for applications, systems, etc.

The legalbasis for privacy requirements in terms of the digital twin development is the ELU
General Data Protection Regulation complemented by the International Human Rights
Instruments.2 Public and private organizations adapt their processing of data accordingly. In
this way the protection of personal data by this legal instrument strengthens the role of
human rights that could be affected by new technology.

When processing personal data for the purpose of a digital twin development, activities must
comply with the lawful basis and principles stated in Article 5.

2 The General Data Protection Regulation (EU) 2016/679 (GDPR) is a regulation in EU law on data protection and
privacy in the European Union (EU) and the European Economic Area (EEA). The GDPR is an important
component of EU privacy law and of human rights law, in particular Article 8(1) of the Charter of Fundamental
Rights of the European Union.
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From an operational point of view, different forms of meetings by involved parties are
recommended to align interests and expectations in terms of digital twin utilization and to
guarantee the compliance with relevant legislation:

1) Context meetings to explain the background and basis of the security, safety and privacy
practice defined, together with an understanding of the pilot architecture and use cases.
(ISO/IEC 27005 for security risk, ISO/IEC 29134 for privacy impact assessment).

2) Based on the finalized definition of procedures, roles, implications and methodologies to
follow, a risk and privacy analysis meeting, using established methods such as STRIDE
or NIST security framework (for security) and LINDDUN, CNIL method, NIST Privacy

rooaoaa ol v JCONEC 20424 (for neivsanv\ o oot
Ao WOTIKC UT TOO7TTE T Z o ToT (U privacy ) 1S CUTTaUoToUr

3) Finally, policy framework analysis meetings serve to debrief on the policy framework-from
he perspectives of

B) Trust analysis
b) Engagement analysis
) Security and privacy analysis

It is|important that Fundamental rights aspects of DTw implementations are analysed by
answering the following questions:

— Poes the Al system potentially negatively discriminate against people on the basis of ainy
bf the following grounds (non-exhaustively): sex, race, celour, ethnic or social origin,
penetic features, language, religion or belief, political ©orany other opinion, membersh|p
bf a national minority, property, birth, disability, agésor sexual orientation?

— Poes the Al system respect the rights of the child,for example with respect to child
brotection and taking the child’s best interestsiinto account?

— Poes the Al system protect personal datarelating to individuals in line with GDPR?
— Poes the Al system respect the freedomof expression and information or freedom of
hssembly and association?3

Thig will serve to ensure on the ong hand Fundamental Rights compliance of DTw
impJementations as well as on the.other hand consumer acceptance of the applied solutigns.

Truptworthiness requirements and implications for applications, systems, etc.

The analysis of trustworthiness aspects of artificial intelligence solutions requires to defing
the JAl term. Inthis context, the Al definition of the high-level expert group Al that was setfup
by the European Commission is used.

Forlan AF'System, and digital twins, to be considered trustworthy, seven requirements arg
fulfilled® Human agency and oversight Technical Robustness and Q.afp’ry Privacy and Data

Governance, Transparency, Diversity, Non-discrimination and Fairness, Societal and
environmental well-being, Accountability. These requirements are covered by any
assessment of an Al System during the life cycle of its development.4

3 Independent High-Level Expert Group on Artificial Intelligence (2020): The Assessment List for Trustworthy
Artificial Intelligence (ALTAI), Brussels July 2020, pp.6; available at:
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=68342

4 The “Ethics Guidelines for Trustworthy Al” in addition to existing practices and assessment tools provide a list
for assessment, but it makes clear that compliance with the assessment list does not equal legal compliance with
applicable laws.
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With reference to the seven points of the Assessment List for Trustworthy Al (ALTAI), the
following approaches serve as good practice to create trustworthiness:

1) Human Agency and Oversight: users must be able to choose to accept results with or
without the inclusion of the Al module in the DTw, implementing a human-in-command
(HIC) approach.

2) Technical Robustness and Safety: the included Al of a digital twin is strictly limited in
data access rights and have bare minimum code execution rights for its own internal
running. The digital twin and Al themselves operate under specific limits of potential
results, therefore the effects of any potential malicious attacks will be severely limited

are-mipime—RegHarRspectonrstrust-be-planned—and-autematie-alertsbe-implemenied.
Any issues can be immediately dealt with via restoration to previous working version’yNo
bhysical harm can come from the Al module.

3) Privacy and Data Governance: all private data must be masked at the source prior to
submitting to the digital twin and its Al module. All communications must follow latest
https encryptions protocols. It is important that any local databases are properly

encrypted (at least 256-bit) and will not be accessible via internet. Access to data will pe
bnly for designated developers and logs will be kept for access tragkifig. It is importanit
hat a supervisor is designated to oversee the process and carry-out'checks.

4) [fransparency: the Al algorithm must be fully traceable with comprehensive explanation of
cach part and step. Labelling of the system must be exactly defined from the beginning
and provided along with results from alternative methodolegies for continuous
comparison.

5) Piversity, non-discrimination, and fairness: a continuous comparison with alternative
methodologies is to be implemented. It is important that the Al model is reliant on
nclusivity.

6) PBocietal and environmental well-being: Al medules address the need to design for betfer
human comfort and well-being. Interactiorwith humans is not to be foreseen and ther
must be no pathway to affect their behaviour.

0%

7) Accountability: all relevant information is published and presented in scientific journals
bnd conferences and be openly available. The HIC approach implemented ensures a
hard stop on potential negative(impacts, with no negative trade-offs on the system.
Redress must be possible atlany time.

B.8.1.19 User requirements and interactions with other actors (optional)

User requirements’and interactions
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B.8.2

B.8.2.1

- 119 -

Drawings or diagrams depicting the use case

Drawing of use case

Drawing or diagram of use case — For example graphic depiction of use scenarios, or
"use case diagram™

Smart home

HVAC Lighting Hot water  Electric

system system tank vehicle

Residential Explicit

Consumer

Demand Response

SENDER solution

Flexibility

assessment

N
<<include>>
\

Consufier

Residential Explicit Denjand Response

Sending of the
flexibility A
Inl I
I
I
|

SENDERs@lution

Aggregator

—

Aggregator

IEC

B.8.

R.2

Data flow diagram of use case (optional)

Da

Mw_dia.g.:a.m_n.f_usuase

B.8.2.3

Sequence diagram(s) of use case (optional)

Sequence diagram(s) of use case
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NOTE In addition to a high level sequence diagram it can be helpful to split out critical interactions to provide
additional detail on actors involved at such stages (for example, providing information on handling of fault conditions).

Deployment diagram(s) of use case

B.8.2-5——Others{optional)

(ogtional)

J
If Jossible, provide a graphical image or a video of the demonstration model Q‘l/

-

AN

B.9| Smart city - Greater Hobart Digital Twin

B.9.11 Description of use case

B.9./1.1 Name of use case

ID Name of use case

004 Greater Hobart Digital Twin - Australia
B.9.1.2 Digital twin application-area or context of use

Application area or context of use

The Greater Hobart Digital*Fwin provides the interface with which local government
authorities, the commuhity, and commercial investors will interact with the key governme
serjvices data in a single joint environment.

B.9.01.3 Version management

(Standards Australia IT-
042)

Changes or Date Name Approval
velE'sion Author(s) or committee status(optional)
V1 23/09/2021 | Gavin Cotterill DRAFT
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B.9.1.4 Basic information to use case

Source(s) or literature(optional)

Link(optional)

Conditions
(limitations) of use
(optional)

Maturity of use case

in business nppm’rinn

O

O [realized in demonstration project
I [realized in R&D

O [in preparation

4}

visionary

Geheric, regional or national relation

Gregater Hobart, Tasmania Australia

Vertical application area

Citles and Built Environment

Welll-known or related commercial or existing.use cases (optional)

Singapore, Barcelona, London, Stockholm,Helsinki

Keywords for classification

BIMI, GIS, geospatial, loT, system-integration, data visualization, data analysis, simulatio
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B.9.1.5 Scope of use case (bullet point)

Scope of use case

Include but not limited to following items:

Digital Reform

There is a need to embrace digital sharing as a means of overcoming competing local
governments’ challenges. The current lack of digital service integration across the Local
Government Authorities (LGAs) is a key non-structural impediment to joint, cross-
hmlndnry service nr\r\nrhmi’rine ern’rngi(‘ Ir\lsunning and jninf investment nlnr\nrhmifine

are constrained as a result.

Multi-modal Visualization

There is a need to create a more liveable region, where quality of life is achievable
through equitable housing and mobility options, attractive open spaces, high
environmental quality and personal safety. Without a tangible operatiopal’model to
combine cross-sector data and information—for example, home building, commercial
and industrial developments and transport planning—holistic crosszboundary precinct
planning remains constrained.

Economic Investment Friction

There is a need to encourage economic growth by attracting/investors from all sectors;
an approach inclusive of, but agnostic to the strategicimpeératives of individual local
authorities. To undertake such decisions, investors, both foreign and domestic, require
access to a broad range of data currently not visible to them. As a result, this lack of
easily available, visual and clear to interpret data.will add friction to decision making
and create significant barriers to future investment.

B.9.11.6 Objectives of use case

Objectives of use case

e |Supporting the City Deal mission of making Greater Hobart a smart, liveable and
investment-ready city.

e [Enabling a high degree-of collaboration and digital collaboration across the four Greater
Hobart LGAs.

e |Unlocking delivery efficiencies and economic development through the availability of
trusted information and data.

¢ [Increasing/concurrent development planning by combining data and information from
different modes or industry sectors.

e |Accelerating and digitizing the process for statutory planning applications and
approvals.

Providing transparency and driving certainty that we will deliver against our
commitments.

Attracting and de-risking investments by making data easily available and visible to
potential investors and stakeholders...
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B.9.1.7 Narrative of use case

Narrative of use case

Short description

The digital twin will provide the Greater Hobart public, private investors and local
government authorities with new insights beyond what is currently seen with existing
infrastructure models and can be used as a tool to aid decision making.

Compiete description

The Digital Twin will provide the Greater Hobart public, private investors and local
government authorities with new insights beyond what is currently seen with existing

respond to, and predict and act on, strategic and operational activities to dramatically
imgrove decision-making capabilities.

opg¢ning-up access to that data and giving insight across all key services.

understand and make quicker investment decisions y having the data made easily
avgilable to them.

infrlastructure models. In short, it will transform ways in which the region can sense and

Lo¢al government and government business stakeholders will bejable to access, on
sophisticated and secure permissions basis, all archived and realtime data shared by th
State Government and the four local government authorities within a single environment,

Pripvate investors including manufacturing and tourism, developers will be able to rapidly

1%

The¢ Greater Hobart public will be able to interface with the Digital Twin by accessing data
fro{w a range of services, including the preposed digital bus shelters to search for bus
routes, find sights to see in the area, optimize their route planning and receive live servige
updates on key government services.
B.9.11.8 Entities which need to be modelled as digital entities in use case
Entity name @t’a Model type Requirements or
(D constraints on the
C) models
A\
lanfd parcel and geometry, feature | physical performance
property information, requirements:
metadata consistency, accuracy gnd
fineness
transport operational and knowledge legal, permission based,
context openness, restricted
imagery geometry, feature | physical performance
information, requirements:
metadata consistency, accuracy and
fineness
elevation and geometry, feature | physical performance
depth information, requirements:
metadata consistency, accuracy and
fineness
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Entity name Data Model type Requirements or
constraints on the
models

Waste and energy | operational and knowledge legal, permission based,

context openness, restricted
place names geometry, feature | physical performance
information, requirements:
metadata consistency, accuracy and
fineness
pogitioning geometry, feature | physical performance
information, requirements;
metadata consistencyjaccuracy gnd
fineness

acdess system operational and knowledge legal,\permission based|,

context opehness, restricted
mohitoring operational and knowledge artificial intelligence, big
context data, synchronization

Asget management | operational and knowledge legal, permission based|,

context openness, restricted

Todirism operational and knowledge legal, permission based|,

context openness, restricted

Emlergency operational and knowledge legal, permission based|,

Mahagement context openness, restricted

Planning operational and knowledge legal, permission based|,

context openness, restricted

Commercial operational and knowledge legal, permission based|,

context openness, restricted
B.9.11.9 Actors: people, organizations or systems

Actorimame | Actor type Actor description Actor interactiongs
(Transactions
between Actors)
(optional)

service U system actor data delivery mechanism for

delivery ™ business actor: | persistent data feeds to

role: service
provider

external users
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Actor name | Actor type Actor description Actor interactions
(Transactions
between Actors)
(optional)

systems U system actor system operation and

administrator | M business actor: | maintenance personnel, rights

role: system management, system
operator configuration, upgrade and
optimization

project U system actor manage process and

mahager M business actor: | deliverables, system

role: service requirements, change process,
management project sprints

dath U system actor data collection personnel,

cugtodian ™ business actor: | report input, database strategy,

role: data or data model establishment
asset
producer

datpbase U system actor database development,

mahager ™M business actor: | operation and majntenance
role: system management
operator
public O system actor external data user who views
™M business actor: | the datacbut has limited
role: role: user | physical data usage purposes
industry O system actor external data user with ability to
M business actory(_| analyse and aggregate data,
role: role: user | build new products with data or
insights
government |l system-actor internal and external data user
™M Business actor: | with ability to analyse and
rble: role: user | aggregate data, build new
products with data or insights
acgddemia U system actor external data user with ability to
M business actor: | analyse and aggregate data,
role: role: user | build new products with data or

msights
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Life cycle of digital twin system in use case

Life cycle of digital twin system in use case

O inception phase

¥ design and development phase

O verification and validation phase

[ integration and deployment phase

[0 operation and monitoring phase

L] [fe-evaluate phase

I |retirement phase

B.9.1.11  Key performance indicators (KPlIs)
Name Description Reference to mentioned use case¢
objectives

relipbility ability of an item to perform a | Supportingthe City Deal mission o
required function under given | making Greater Hobart a smart,
conditions for a given time liveable’and investment-ready city
interval

fidelity ability to accurately describe)) |vEnabling a high degree of
the relevant aspects of the collaboration and digital collaboratipn
physical counterpart within’a | across the four Greater Hobart LGAs
well-defined set of conditions
by its digital model

cornfformity process of analysis to Unlocking delivery efficiencies and
determine whether Digital economic development through the
Twin meets the specified availability of trusted information and
requiremeénts and to form a data.
judgement as to whether the
digital entity is fit for its
corresponding physical entity

val|dation process of evaluating a Increasing concurrent development
system or component to planning by combining data and
ensure compliance with the information from different modes of
functional, performance and industry sectors.
interface requirements

verification confirmation by examination Providing transparency and driving

(testing) with evidence that
specified requirements have
been met

certainty that we will deliver against
our commitments.
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Digital infrastructures

Name

Description

Impact on use case

Data storage

Database system that stores data on
premises

Houses and stores the primary

of delivery asset of spatial
digital twin (DTw)

Cloud system

Cloud storage that stores, maintains
and delivers data is in the cloud

Aggregates and stores the

multiple datasets to be called

ornushed to visualization
Lud

ecosystem service or users
premises or cloud systems

on

Repository

Federation system that gathers data
and feeds to digital twin (DTw)
system

Hosts and stores’spatial daf
entities for delivery

connected and integrated:so that
data can be presentedin one
environment

Visjalization System that calls datasets and Single~view platform that pu]ls
platform displays in cloud system with anddisplays spatial data
dynamic control, display and objeets in an exploratory
rendering capabilities visualization environment fgr
3D objects and time-based
manipulation
Connection and Capability that enable multiple data Single view platform that pu]ls
Inte¢gration sources or platforms to be and displays multiple data slets

Authentication

System that authenticates
permissionzbased access to data

Controls open and secured
datasets

B.9.1.13

Referencedistandards and standardization committees (optional)

coimmittees

Relevant standardization

Standards relevant to the use case

Status of
standard

Mogelling

ISQ Building Information

ISO 19XXX family of standards

Published and
drafts

twin

ISO/IEC JTC 1/SC 41
Internet of things and digital

Concepts and terminology

ISO/IEC TR 30172: Digital twin — Use
cases, ISO/IEC 30173: Digital twin —

draft

ISO/TC 268

ISO 37XXX family of standards

Published and
drafts
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Relevant standardization Standards relevant to the use case Status of
committees standard
IEC SyC Smart Cites WG 1 Terminology, WG 2 Market drafts

Relationship, WG 3 Reference
Architecture

ISQ/TC 211: Geographic ISO 19XXX family of standards Published and
infarmation or Geomatics drafts

B.9.1.14 Referenced papers or patent(optional)

References Type Impact on Links
use case

B.9.1.15 Relation with other known use cases, for example common requirements
(optional)

Knpwn use case Source Relationship

B.9.1.16 General remarks(optional)

Geheral remarks

B.9.1.17 Challenges and issues (optional)

Challenges and issues

B.9.1.18 Data security, privacy and trustworthiness (optional)

Data security requirements and implications for applications, systems, etc.
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Privacy requirements and implications for applications, systems, etc.

Trustworthiness requirements and implications for applications, systems, etc.

B.9.1.19

User requirements and interactions with other actors(optional)

User requirements and interactions

Qv
¥

B.9.p

B.9.p.1 Drawing of use case

Drawings or diagrams depicting the use case

"use case diagram"

Drgwing or diagram of use case — For example graphi«s@\eopiction of use scenarios, or

X

Thg architecture of Greater Hobart Digital Twin is one of multiple layers, creating a digita
ecosystem made up from data sets from each Greater Hobart council and selected data

from State Government.

Thig architecture will enable the public, local government, commercial stakeholders to

access key Greater Hobart data.

LGA interfe
Interface Jjermaee
layerp -
verp BR00 ADE D0 -
Digitfl twin Visualisation
capapilities

Key LGA services Integration

+ 9 ~ o
state|government Tt
serviges

a—

Asset management Tourism

Public interface

H (@) =R

Caﬁ

Greater Hobart
digital twin \
)

Connection

I 2

Emergency management

Key

Commercial interface
() B o=s
(2|
Simulation

Analytics

] < X

Planning Spatial Transport Tourism|

Data MOU in place

Data source

National
broadband
network

layers Clarence . Dot - :
- ~llgtds ~llgids .~
- e 2 D> . T - ¥ <’:’a I
e . EEN # o :
> ] - " State
Glenorchy Kingborough government
IEC
B.9.2.2 Data flow diagram of use case (optional)

Data flow diagram of use case
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B.9.2.3 Sequence diagram(s) of use case (optional)

Sequence diagram(s) of use case

B.9.R.4 Deployment diagram(s) of use case (optional)

V
Deployment diagram(s) of use case /\(l/

B.10 Smart city - NSW Spatial Digital Twin

B.10.1 Description of use case

B.1(0.1.1 Name of use case

ID Name of use case

010 | Smart city - NSW Spatial Digital Twim=Australia

B.10.1.2 Digital twin application area or context of use

Application area or context.of use

Gepspatial datasets associated to themes: land parcel and property, transport,
administrative boundaries, geocoded address, imagery, elevation and depth, water, land
coVer, place names jand positioning.

B.10.1.3~ \Version management

Changes or | Date Name Approval status(optional) |
version Author(s) or committee
v.1 31/08/2021 Prudence Lawrence draft

(Standards Australia IT-

042)

B.10.1.4 Basic information to use case

Source(s) or Link (optional) Conditions (limitations) of
literature(optional) use (optional)
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Maturity of use case

O
|

O
O

in business operation,
realized in demonstration project
realized in R&D

in preparation

O

visionary

Ge

heric, regional or national relation

Ne

v South Wales, Australia

Ve

tical application area

em

Planning, infrastructure, real estate, transport, health, education, utilities, construction,

ergency services, logistics

Welll-known or related commercial or existing use cases\(optional)

Vir

ual Singapore, Fisherman’s Bend Victoria, Helsinki*3D City

Ke

ywords for classification

Gl
boy
nar

b, geospatial, land administration, land*parcel and property, transport, administrative
ndaries, geocoded address, imagery;ielevation and depth, water, land cover, place
hes, positioning

B.1(

.1.5 Scope of use case

Sc¢

bpe of use case

Inc

ude but not limited to following items:

Describe-geospatial data in spatial digital twin scenario.

Descripe geospatial data among digital twin systems.

Describe digital twin system architecture in spatial digital twin scenario.

Describe requirements about location-based data in digital twin area or scenario.

B.10.1.6 Objectives of use case

Objectives of use case
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Objective 1: delivery of foundational geospatial data as temporal
Objective 2: delivery of foundational geospatial data as 3 dimensional

Objective 3: federate multiple geospatial data sources and delivery in a single view
visualization environment

Objective 4: Support government, academia and industry through delivering
foundational spatial data products

Objective 5: Support government, academia and industry though modernized geospatial

visualization and data delivery services

B.1(

.1.7 Narrative of use case

Narrative of use case

Sh

brt description

To
sm
acs

deliver 4D (3D + time) foundational geospatial data to support, enable and enhance
Art decision making, analysis, analytics and insight creation acfoss government,
demia and industry across New South Wales.

Co

mplete description

or 4
fac

The NSW Spatial Digital Twin is upgrading the existing‘two-dimensional spatial data to 3

The platform also integrates Digital Engingering assets, Building Information Models, ang

LD in order to create a digital real-world mode] ‘of our cities and communities which will
litate better planning, design and modelling for NSW’s future needs.

D

livg API feeds for public transport, air quality, and energy production. The platform is alsq
degigned to integrate with the NSW Spatial Collaboration Portal that provides a central
poiht to search, discover and share ‘spatial information.
Whlile primarily focused on supporting infrastructure planning and delivery, this platform has
benefits at national, state and'local government levels, for industry and for the community.
Its penefits are also broad, spanning all sectors — infrastructure planning and delivery,
plahning, service delivery, environmental management, natural resource management, as
well as emergency.management and counterterrorism.
B.10.1.8 _“Entities which need to be modelled as digital entities in use case
En i@gme Data Model type Requirements or
constraints—on-the—
models
land parcel and geometry, feature | physical performance
property information, requirements:
metadata consistency, accuracy and
fineness
transport geometry, feature | physical performance
information, requirements:
metadata consistency, accuracy and
fineness
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Entity name Data Model type Requirements or
constraints on the
models
administrative geometry, feature physical performance
boundaries information, requirements:
metadata consistency, accuracy and
fineness
geocoded address | geometry, feature physical performance
information, requirements:
metadata consistency, accuracy-gnd
fineness
imggery geometry, feature physical performance
information, requirements:
metadata consistency, accuracy gnd
fineress
elejation and geometry, feature physical performance
depth information, requirements:
metadata consistency, accuracy gnd
fineness
water geometry, feature physical performance
information, requirements:
metadata consistency, accuracy gnd
fineness
land cover geometry, feature physical performance
information, requirements:
metadata consistency, accuracy gnd
fineness
plate names geometry, feature physical performance
information, requirements:
metadata consistency, accuracy gnd
fineness
pogitioning geometry, feature physical performance
information, requirements:
metadata consistency, accuracy gnd
fineness
access system operational and knowledge legal, permission based,
context openness, restricted
monitoring operational and knowledge artificial intelligence, big
context data, synchronization
process or rule Business knowledge Performance
management requirements: accuracy

rate, accuracy rate, recall
rate; Input and output
requirements: interface
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Actor name

Actor type

Actor description

Actor interactions
(Transactions
between Actors)

(optional)
service U system actor data delivery mechanism
delivery ™ business actor: for persistent data feeds to

role: service external users
provider
sygtems U system actor system operation and
administrator | @ business actor: maintenance personnel,
role: system rights management, system
operator configuration, upgrade and
optimization
project U system actor manage process and
mahager ™ business actor: deliverables, system
role: service requirements, change
management process, project sprints
data U system actor data collection personnel,
cugtodian ™ business actor: report input) database
role: data or entity | strategy;data model
or asset producer establishment
database 0 system actor database development,
mahager ™ business actor: operation and maintenance
role: system management
operator
public U system actor external data user who
M business actor: views the data but has
role: role: user limited physical data usage
purposes
industry [T-system actor external data user with
M business actor: ability to analyse and
role: role: user aggregate data, build new
products with data or
insights
government L system actor internal and external data
™M business actor: user with ability to analyse
role: role: user and aggregate data, build
new products with data or
insights
academia O system actor external data user with

M business actor:
role: role: user

ability to analyse and
aggregate data, build new
products with data or
insights
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Actor name

Actor type

Actor description

Actor interactions
(Transactions
between Actors)

(optional)

interface U system actor platform visualization and
platform ™M business actor: data behaviour provider,
developer role: role: coder, development,

distribution system operation and maintenance

operator of cloud system delivery
spgtial M system actor data storage and
database O business actor: maintainer system
infriastructure role:

replository of
spgtial data

M system actor

O business actor:
role:

cloud system of data
collection, storage and
delivery mechanisms

web services

¥ system actor

O business actor:
role:

data delivery, cloud system

B.10.1.10 Life cycle of digital twin system in use case

Life cycle of digital twin system in use case

0 A N B R I

inception phase

design and development phase
verification and validation phase
integration and deployment\phase
operation and monitoring'phase
re-evaluate phase

retirement phase

B.10.1.11

Key performance indicators (KPls)

Name

Description

objectives

Reference to mentioned use cas

replication

how closely does the data
mirror a real ground truth
object, in other words
building, tree, river, etc.

environment

Objective 2: delivery foundational
geospatial data as 3 dimensional

Objective 3: federate multiple
geospatial data sources and delivery
in a single view visualization

data currency

real world object

temporal accuracy of the data
in relation to current state

Objective 1: delivery foundational
geospatial data as temporal
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data consistency

repeatable physical and
conceptual data supply and
updates

Objective 4: Support government,
academia and industry through
accurate foundational products

metadata

data about data that explains
the origins, transformation,
resources, contacts, usage
and limitations

Objective 5: Support government,
academia and industry though
modernized geospatial visualization
and delivery services

B.10.1.12 Digital infrastructures

Name

Description

Impact on use case

Data storage

Database system that stores data on
premises

Houses and stores the primary

of delivery asset of spatial
digital twin{DTw)

and feeds to digital twin (DTw)
system

entities for delivery

Cldud system Cloud storage that stores, maintains | Aggfegates and stores the
and delivers data is in the cloud mulfiple datasets to be callgd
or‘pushed to visualization
ecosystem service or users|on
premises or cloud systems
Repository Federation system that gathérs*data | Hosts and stores spatial dafa

Visualization
plafform

System that calls datasets and
displays in cloudssystem with
dynamic contrel, display and
rendering capabilities

Single view platform that pu
and displays spatial data
objects in an exploratory
visualization environment fo
3D objects and time-based
manipulation

S

Authentication

System that authenticates
permission-based access to data

Controls open and secured
datasets

B.10.1.13_“Referenced standards and standardization committees (optional)

committees

Relevant standardization

Standards relevant to the use case

Status of

standard |

ISO/TC 211: Geographic
information or Geomatics

ISO 19XXX family of standards

Published and
drafts

twin

ISO/IEC JTC 1/SC 41
Internet of things and digital

Concepts and terminology

ISO/IEC TR 30172, Digital twin — Use
cases, ISO/IEC 30173, Digital twin —

draft

ISO/TC 268

ISO 37XXX family of standards

Published and
drafts
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IEC SyC Smart Cites WG 1 Terminology, WG 2 Market drafts

Relationship, WG 3 Reference
Architecture

B.10.1.14 Referenced papers or patent(optional)

References Type Impact on Links

use case

B.10.1.15 Relation with other known use cases, for example common-requirements
(optional)
Knpwn use case Source Relationship
Virjual Singapore Landcadministration modernization ir
stratified buildings
Fisherman’s Bend Victoria Australian city based digital twin
Helsinki 3D City 3D building LoD 1 models and reality
mesh features
B.10.1.16 General remarks (optional)

Gepheral remarks

B.1(

.1.17 Challenges and issues (optional)

Chhallenges and issues

B.10.1.18 Data security, privacy and trustworthiness (optional)

Data security requirements and implications for applications, systems, etc.

Pri

vacy requirements and implications for applications, systems, etc.
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Tru

stworthiness requirements and implications for applications, systems, etc.

B.10

.1.19 User requirements and interactions with other actors (optional)

User requirements and interactions

B.10.2 Drawings or diagrams depicting the use case
B.10.2.1 Drawing of use case
Drawing or diagram of use case — For example graphic depiction of use scenarios, jpr
"uge case diagram"
&
B.10.2.2 Data flow diagram of use case (optional)
Data flow diagram of use case S\\\}\
B.1Q.2.3 Sequence diagram(s) of use case (optional)

. \)‘
Sequence diagram(s) of Q'_s)\@case

B.1(

.2.4 Deployment diagram(s) of use case(optional)

De JIO)@;t diagram(s) of use case

\X/

B.11 Transport - Sydney Trains Engineering and Maintenance Digital Twin

B.11
B.11

.1 Description of use case

1.1 Name of use case

ID

Name of use case

011

Transport - Sydney Trains Engineering and Maintenance Digital Twin - Australia
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B.11.1.2 Digital twin application area or context of use

Application area or context of use

Transport- Sydney Trains — Engineering and Maintenance

B.11.1.3 Version management

Cthges Date Name Approval status(optional)
or yersion Author(s) or
committee

B.11.1.4 Basic information to use case

Solirce(s) or Link(optional)
litdrature(optional)

Conditions (limitations) of use (optional)

Maturity of use case

in business operation,

realized in demonstration project
realized in R&D

in preparation

O OOO

visionary

Geheric, regional or national relation

Sydney - Australia

Vertical application area

Well-known or related commercial or existing use cases (optional)

Keywords for classification
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B.11.1.5 Scope of use case

Scope of use case

The POC will utilise LIDAR Point Cloud data as the basis of the Enterprise Digital Twin.
Other data set layers or connections to be included are:

NSW Spatial Digital Twin
Front of Train Imagery

Drone based photogrammetry

e |Asset data for linear and non-linear assets

e [Fault Notifications and work orders

e [Major Works Projects and Possession Worksites
o |Asset Lifecycle Optimization data

o [Digital Engineering or BIM data

e |GIS data

B.11.1.6 Objectives of use case

Objectives of use case

NEd

To |provide asset managers, planners, engineers_and infrastructure workers with a holisti
self-selecting, filterable view of all elements of planning and executing work in the rail
corridor to reduce safety risks and to optimize their maintenance planning activities.

The¢ POC will determine the technical feasibility of
e |Using a LiDAR point cloud of the-Railway Corridor as the foundation of the Digital Twi|n
for

e |Overlaying multiple types.of'data sets from disparate data sources and multiple
referencing systems in(ajsingular visual platform

B.11.1.7 Narrative of use case

Narrative of{use case

Short description

LiDAR Point Cloud data can be used as the foundation for a dashboard VIEW WIth other
images and enterprise data in a spatially accurate three dimensional view of the railway.
This will allow asset managers, planners and maintainers to have a holistic, filterable view
of all elements of planning and executing work in the rail corridor.

Complete description

Sydney Trains Engineering and Maintenance operate and maintain 1 600 km of track and
associated assets across signals, corridor, civil facilities, rolling stock and track disciplines.
They collect large amounts of visual and condition data on their assets every single day and
this will continue to increase as Industry 4.0 revolutionizes our current work practices.
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world.

The Sydney Trains Engineering and Maintenance Digital Twin is a visual tool that will
leverage all data from our condition monitoring, operational technology, and enterprise
systems to inform decision making required to optimize whole of asset life costs and
performance and to reduce risks for our staff and the network.

It will enable staff with the appropriate access and permissions to locate and visualize data
layers from condition monitoring devices, OT systems, operational systems, and enterprise
applications in a single platform that is a spatially accurate digital representation of the real

en

Th¢ Sydney Trains Engineering and Maintenance Digital Twin will be designed to mtegraie
with other TEINSW Digital Twins to support planning and maintenance activities across)th
re cluster.

The¢ POC is focused on the technical feasibility of the solution and primarily uses data
extracts rather than integration or live feeds.

B.11.1.8 Entities which need to be modelled as digital entitiés in use case
Entity name Data Model type %O Requirements or
s\\ constraints on the
(@) models
R
B.11.1.9 Actors: people, organizations.or systems

Actor name Actor type Actor description | Actor interactions
(Transactions
between Actors)
(optional)

Engineering and O gystém actor

Majntenance M- business actor: role:

staff _

OtHer Sydney; ] system actor

Trgins M business actor: role:

departments _

TINSW-Cturster [1 system actor

Agencies M business actor: role:

Other NSW ] system actor

Government M business actor: role:

Agencies _

O system actor
[0 business actor: role:
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Actor name

Actor type Actor description | Actor interactions

(Transactions
between Actors)
(optional)

[0 system actor
0 business actor: role:

B.11.1.10 Life cycle of digital twin system in use case
Life cycle of digital twin system in use case
M linception phase
[ |design and development phase
I |verification and validation phase
[0 |deployment phase
[0 |operation and monitoring phase
I |[re-evaluate phase
I |retirement phase
B.11.1.11 Key performance indicators (KPls) .of use case
Name Description Reference to mentioned use cas¢
objectives
Reguction in Red Number of houts-of current
Zome Hours maintenance~and inspection
activities_performed in the
physicalCcorridor that can be
performed digitally.
Vispal Planning Improved efficiencies and
new capabilities in short-term
and long-term planning
activities
New Insights Number of disparate data
sources that can be layered
aon the same visualization
platform
Timeline of Visually compare changes
Change over time side by side
Foundations for Provide a digital solution
the Future which will support future

adoption of Al, Machine
Learning and 3D Augmented
Capabilities
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B.11.1.12 Digital infrastructures

Name

Description Impact on u

se case

Data Extracts from Small World

Equip

Infrastructure

AWS Bentley Systems Digital

B.11.1.13 Referenced standards and standardization committees (optional)

Relevant standardization
committees

Standards relevant to the use case

RS

7 L4

S \s of
dard

ISO 19650

ISO GIS standards (ISO/TC 211)

OGC data standards
(https://www.ogc.org/)

buildingSMART opentdata standards
(https://www.buildiftgsmart.org/)

TfNSW Digital Engineering Framework
(https://wakw.transport.nsw.gov.au/digital-
enginegring/digital-engineering-
framework-0)

B.11.1.14 Referenced papers or patent (optional)

o

Sefvice NSW (2020). Spatial
DigitalTwin - Spatial Services.

References Type Impact on use | Links

@Q case
Spatial Senvices - a business Website Description https://www.sjpa
unif of Department of Customer information tial.nsw.gov.gqu/

what_we_do/pro
jects/digital_twi

[online] NSW.gov.au. Available
at:
https://www.spatial.nsw.gov.au/
what_we_do/projects/digital_twi
n [Accessed 31 May 2021].

n
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