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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The ISO 23247 series defines a framework to support the creation of digital twins of observable
manufacturing elements including personnel, equipment, materials, manufacturing processes, facilities,
environment, products, and supporting documents.

A digital twin assists with detecting anomalies in manufacturing processes to achieve functional
objectives such as real-time control, predictive maintenance, in-process adaptation, Big Data analytics,
and machine learning. A digital twin monitors its observable manufacturing element by constantly
updating relevant operational and environmental data. The visibility into process and execution
enapled by a digital twin enhances manufacturing operation and business cooperation

The type of manufacturing supported by an implementation of the ISO 23247 framework depends on
the|standards and technologies available to model the observable manufacturing-¢lements. Different
manufacturing domains can use different data standards. As a framework, this’documernt does not
pregcribe specific data formats and communication protocols.

Thed scopes of the four parts of this series are defined below:
— |ISO 23247-1: General principles and requirements for developing.digital twins in manufacturing;
— |ISO 23247-2: Reference architecture with functional views;
— |ISO 23247-3: List of basic information attributes for thebservable manufacturing elemgnts;

— |ISO 23247-4: Technical requirements for informiation exchange between entities within the
reference architecture.

Figlire 1 shows how the four parts of the series are.related.
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1S0 23247-1 |

Principles
(concept, limitations and boundaries, requirements)

150 23247-2 ’

considered by

Reference models
(domain-based and entity-based)

described by

y

Framework views

IS0 23247-2 |

Functional view
(functional entities of reference model)

IS0 23247-3 |

Information view
(information attributes)

IS0 23247-4 |

Networking view
(information exchange and pretecols)

Figure 1 — ISO 23247 series structure

ISO 2324744:2021, Annexes A to E, provideuse cases that demonstrate the digital twin frameworK for

manufactufring.

The use cafses are in the discrete manufacturing domain and the digital twins are modelled using|the
ISO 10303|series. In other domains) different standards and technologies can be used. For exaniple,
in oil and [gas, the digital twins Jmay be modelled using the ISO 15926 series, and for building pnd

constructign, the digital twinsmay be modelled using the ISO 16739 series.

Vi
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Automation systems and integration — Digital twin
framework for manufacturing —

Part 2:
Reference architecture

1 (Scope
Thif document provides a reference architecture for the digital twin in manufacturing inclufling;
— |reference model from domain and entity point of view;

— [functional view specifying functional entities supported by the entity-based reference model.

2 |Normative references

The following documents are referred to in the text in sueh\a way that some or all of thpir content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced decument (including any amendments) applies.

ISOJIEC 30141, Internet of Things (IoT) — Reference:Architecture

[S0|23247-1, Automation systems and integratiows— Digital twin framework for manufacturing — Part 1:
Ovefview and general principles

1S0|23247-3, Automation systems and integration — Digital Twin framework for manufacturing—Part 3:
Digital representation of manufacturjng-elements

1SO|23247-4, Automation systems.and integration — Digital twin framework for manufacturing — Part 4:
Infdrmation exchange

3 |Terms and definitions

For|the purposes<fthis document, the terms and definitions given in ISO 23247-1 and the¢ following
apply.

[SOJand IEC\maintain terminology databases for use in standardization at the following addfesses:

— [ISOOnline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31
observable manufacturing domain
spatial/logical/functional area of the observable manufacturing resources

3.2

device communication domain

spatial/logical/functional area that uses sensors to collect data from the observable manufacturing
domain (3.1) and provides services to monitor the manufacturing process and control the manufacturing
devices

© IS0 2021 - All rights reserved 1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=647a3099c24efeb71e3c6a3b32f1a9d6

IS0 23247-2:2021(E)

3.3

device communication entity

(set of) sys
EXAMPLE

3.4

tem or device providing device communication

A cell controller sending instructions to the devices in a manufacturing cell, and collecting results
from sensors on the devices

digital twin domain
spatial/logical/functional area that provides management functionalities for digital twins including
visualization, presentation, synchronization, historical archiving, data analytics, simulation, and

optimizati

3.5

digital tw
(set of) sy
synchroniz

EXAMPLE

3.6
user domg
spatial/log
(3.4)

3.7
user entit
human us¢g

EXAMPLE
twin applic3

4 Digital twin reference architecture:Goals and objectives

The digita

DI

n entity
stem(s) providing functionalities for the digital twins such as realisation) managem
ation, and simulation

A system providing simulation, synchronization, and data analytics for a manufacturing cell

in
ical/functional area utilizing applications and services proyided by the digital twin don

y
s, applications, and systems that use the servicesprovided by the digital twin entity (3.5

An ERP system that uses the application pregramming interfaces (APIs) provided by a di
ition to update the current status of resources jtfts database

1 twin reference architecture~provides guidance for implementing digital twins

manufact

stakeholders including device manufagturers, application developers, and users.

The digital twin reference architecture is based on the Internet of Things (1oT) reference architect
defined in [ISO/IEC 30141. Pursuant to the principles defined in ISO 23247-1, this document prov
guidance for designing anditnplementing digital twins in manufacturing.

This docurhent defines,the following extensions to the requirements defined in ISO/IEC 30141:
— domaip-based-anid entity-based reference models for digital twins in manufacturing;

— functignal view for digital twins in manufacturing.

ing. The architecture facilitates understanding of digital twin implementation

ent,

hain

)

pital

in
for

ure
des

5 Digital twin reference models for manufacturing

5.1 Overview

This document specifies a digital twin reference model for manufacturing in terms of domains and

entities.

— Domains divide the digital twin framework for manufacturing into areas where tasks are performed
by entities.

— Entities divide each domain into system levels and subsystem levels.
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Domain-based reference model

5.2.1 Domains of digital twin for manufacturing

Figure 2 shows a domain-based reference model.

The domains are classified into four categories as follows:

user domain;

digital twin domain;

NO1
sup

An

donpains.

device communication domain;
observable manufacturing domain.

E The observable manufacturing domain is outside the digital twin framework, but is [depicted to
bort understanding of the framework.

| |

|
l N
| X |
! User Domain !
| &
| @ |
| |
| |
: )|
| |
: Digital Twin Domain !
l J
| @ |
| |
| |
' y |
| |
! Device Communication Domain :
A J
| |

Digital Twin Framework
s a
Observable Manufacturing Domain
N J

Figure 2->—~Domain-based digital twin reference model for manufacturing

mplementation of the framework shall be divided into user, digital twin and device communication

The domains shall meet the requirements defined by ISO 30141.

The systems and subsystems shall have the functionalities described in Clause 6.
Each domain shall model the information described in ISO 23247-3.

Each domain shall be interconnected with the other domains and the observable manufacturing
domain using the protocols described in [SO 23247-4.

5.2.2 Observable manufacturing domain

The observable manufacturing domain consists of the observable manufacturing resources, such as
personnel, equipment, material, process, facility, and environment. The observable manufacturing
domain is monitored by the device communication domain.

©IS
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5.2.3 Device communication domain

The device communication domain monitors and collects data from sensor devices in the observable
manufacturing domain, and controls and actuates devices in the observable manufacturing domain.

The device communication domain links OMEs to their digital twins for synchronization.

5.2.4 Digital twin domain

The digital twin domain synchronizes OMEs with their digital twins. It hosts applications and serv
that operate on the dlgltal twins such as 51mu1at10n and analy51s It pr0v151ons the dlgltal twins at
start of a sess
using valugs supphed by the dev1ce communlcatlon domaln It returns the flnal state of the dlgltal tW
to the user|domain at the end of a session.

5.2.5 Usper domain

The user domain hosts applications that analyse the digital twin models for humans-and systemsg.

the start of a session, an application supplies data to provision the digital twins. At/the end of a ses{
an application archives the final values of the digital twins. During the session, various applicat
monitor the current values of the digital twins and uses those values to“madke decisions about
manufactufring.

5.3 Entity-based reference model

5.3.1 Entities of digital twin framework for manufacturing

The entitytbased reference model divides the digital twin-framework into systems and sub-syst
that manage the domains described in 5.2.

Figure 3 shows the entity-based reference model, An implementation shall implement these entitie
similar entjities to create the functionality required for each domain.
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Human-Mjchine Interface MES;ERP and other Apps Peer Digital Twin

e

\@V Digital Twin Entity

&??\ : Device Communication Entity

% Data Collection Sub-Entity Device Control Sub-Entity

) Cross:L
Opefation and 0 Application and Service Resource Access and Syste
Managenjent Sub-Entity Q..V Sub-Entity Interchange Sub-Entity Entity

|

r Digital Twin Framew
Observable Manufacturing Elements (OMEs)

(e.g., personnel, equipment, material)

Figure 3 — Entity-based digital twin reference model for manufacturing
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2 Device communication entity

2.1 General

The device communication entity has a data collection sub-entity for data collection from OMEs and a

dev

5.3.

ice control sub-entity for controlling OMEs.

2.2 Data collection sub-entity

The data collection sub-entity collects data from OMEs. The digital twin entity uses the collected data

to synchromnize thedigitat twimwithritscorrespomding OME-Thedatacottectionrsub=entity T
exefutables in the form of a computer program (agent).

5.3/2.3 Device control sub-entity

The device control sub-entity controls and actuates OMEs such as computerized numeri
(CN[C) machines or part loaders. The device control sub-entity may include éxecutables in th
conjputer program (agent).

5.3/3 Digital twin entity

5.3{3.1 General

The digital twin entity consists of the operation and management sub-entity, application 2
subtentity, and resource access and interchange sub-entity. The digital twin entity digitally
OMEs.

5.3
The

management sub-entity maintains informration about OMEs; including digital modelling, pr

rep
as (

5.3

The
incl

5.3

Thd
twi

3.2 Operation and management sub-entity

operation and management sub-entity.eperates and manages the digital twins. The op¢

Fesentation, and synchronizatiomr ensuring data interoperability with manufacturing sy
AD/CAM.

3.3 Application and service sub-entity

application and service sub-entity provides functionalities related to applications aj
pding simulation; analysis of data captured from OMEs, and reporting production status

3.4 Resource access and interchange sub-entity

resource” access and interchange sub-entity provides access to functionalities of
h entity to the user entity with controlled interfaces for application and service fung

adnllinistration functionalities, and business functionalities in support of interoperability.

5.3.

1ay include

cal control
e form of a

nd service
represents

ration and
psentation,
Etems such

d services

the digital
tionalities,

4 User entity

The user entity hosts the applications of the framework.

5.3.

5 Cross-system entity

The cross-system entity is an entity that resides across domains to provide common functionalities
such as data translation, data assurance, and security support.
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6 Functional view of the digital twin reference architecture for manufacturing

6.1 General

Figure 4 shows the functional view of the digital twin reference architecture. This functional
view consists of functional entities (FEs) for implementing the entity-based reference model. An
implementation shall implement these FEs or similar FEs to create the functionality required for each

entity.
r-r—-—--m—m—™"—-Hm—-""-""-""-""-""-""-""-""-"""-""-""-""-"-""-""-"-"—-"-"—-"—-"—-"—-"—-"—-"—-"—-"—-"—-"—-""—-""—-""—-""—"""—""—""—"-"----------"""-"¥"¥”-"-"¥- ¥ ¥ -¥"V7-"V—-"V——-_——-_—_—_—_——————_—_— )
| |
! User Entity i
I |
I i |
| i |
! User Interface FE f !
| I
| l |
I |
| I
I I
| Digital . . M 5 1 > |
| igital Twin Entity =l 2| =] e
I I

= 21 =
| __| — . | Sl 5]lE!
| Operafion and Management Application and Service Resource Access and Interchan@ '% = 2l s
! Sub-Entity Sub-Entity sub-Entity - ||| = g SR
| Digifal . . . . Interoperability| | Plug and Play = o || <
: RepresenfationFE| Maintenance FE Simulation FE Reporting FE Support FE Suppait FE E é) B, % :
I — ; - — ] o s |l 5 |a
. Synchronization Analytic Service| | Application Access Peer I} - = 7
: Presentgtion FE FE FE Support FE Control FE Interface FE © g 8 =] :
I a w5
I = I
| I
I |
! ] ] q - 4 !
: Device Communication Entity ,,?\ !
! Data Collection Sub-Entity Devi@{rol Sub-Entity :
I : . |
Data Collecting Data Pre- Collection . . Control
: Y Processing FE| [Identification FE Controlling FE{ Actuation FE | ;4o ification FE :
| AN = |
I —- —_— |
e e e Y e — — — — — — — — — — — — — — — — — — — ———— - — 4
J[ Digital Twin Framework
Observable Manufacturing Elements (OMEs)
Resource-specific FEs

Figure 4 — Functional view

6.2 Fungtional entities of the device communication entity
6.2.1 Fupctionaléntities in the data collection sub-entity

6.2.1.1 Data collecting FE

The data collecting FE collects data from OMEs.

6.2.1.2 Data pre-processing FE

The data pre-processing FE pre-processes collected data. Examples of pre-processing include filtering
and aggregation.

6.2.1.3 Collection identification FE

The collection identification FE identifies data needed from OMEs.
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