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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 procg¢dures 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-for {
different fypes of ISO documents should be noted. This document was drafted in accordance with {
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document analyses visualization elements to be shared or integrated between an avatar (digital
replica) and a physical asset. Three component models of the digital twin, which are physical asset,
avatar, and realtime interface, are adopted and elaborated in this document. The fidelity measure of the
interface between the avatar and the physical asset is discussed.
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Automation systems and integration — Industrial data —

Visualization elements of digital twins

2 | Normative references

Thlere are no normative references in this document.

3 | Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

betfween the

ISQ and IEC maintain terminological databases for use instandardization at the following addlresses:

—| ISO Online browsing platform: available at https:f/www.iso.org/obp

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

311
administration shell
bridge between a tangible asset and thieloT world

3.1.2
asset
ecpnomic resource, or something of value

3.1.3
avhtar
digital replica of a-physical asset

314
digital twin
compound model composed of a physical asset, an avatar and an interface

3.1.5

fidelity
level of accuracy whereby a copy reproduces its source

3.1.6
level of detail

decrease in complexity of a 3D model representation as it moves away from the viewer or according to

other metrics such as object importance, viewpoint-relative speed or position

3.1.7
physical asset
asset which exist in the real world

© IS0 2020 - All rights reserved
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3.1.8
accuracy
measurement deviation from true value and its scatter

Note 1 to entry: Accuracy consists of trueness (proximity of measurement results to the true value) and precision
(repeatability or reproducibility of the measurement).

3.19
reality
sum or aggregate of all that is real or existent, as opposed to that which is only imaginary

3.1.10
realtime
guaranteq response within specified time constraints

Note 1 to eptry: Often referred to as "deadlines".

3.1.11
shape
form of an object or its external boundary, outline, or external surface, as oppesed to other propertjes
such as cdlor, texture or material type

3.1.12
STEP modgel
product model which is described according to ISO 10303

3.1.13
synchronjization
joining up|of multiple processes at a certain point, in orderfo reach an agreement or commit to a certain
sequence pf action

3.1.14
visualization
techniquefor creating images, diagrams, or animations to communicate a message

3.2 Abbreviated terms

Al artificial intelligence

AR augmented reality

CAD computer aidédydesign

CAE computeraided engineering
CG computer graphics

CPS cyber physical system

DPI dots per inch

DTw digital twin

LoD level of detail

MAR mixed and augmented reality
MR mixed reality

0&M operation and maintenance

2 © IS0 2020 - All rights reserved
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P&ID piping and instrumentation diagram
RPM revolutions per minute

VR virtual reality

XR extended reality

4 Motivation

There is a need for standardization of visualization elements that should be shared of ilntegrated

between a physical asset and an avatar (or digital replica)l2l. As defined in this documrent, {
twlin is composed of a physical asset, an avatar, and an interface. Figure 1 shows this.separa
conhcept (three components model) and visualization elements of the digital twin.

5

Digital . Interface
Twin (Data stream)

Digital twin visualization

—> Physical asset — User interaction —E:

User input

—> Fidelity f———> Latency

—> Avatar =t -Static model
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» Shape
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=P Animation

. . User input
—> User interaction
Information to user

Figure 1 — Classification of terminologies of digital twin visualization
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5.1 Core technologies of digital twin

5.1.1 General

Core technologies of the digital twin that Deloitte consulting introduced[3] are sensors, actuators,
integration, data, analytics. More technologies can be defined for the visualization of digital twins.

5.1.2 Sensor

Sensors that are attached to operating equipment can send the status (such as position, temperature,
pressure, vibration, RPM) of the equipment to a user in near-realtime.
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5.1.3 Data

Sensor data collected in near-realtime are generated continuously. The result can be a big data thatis a
collection of operating status information of the equipment.

5.1.4 Analytics

The technology which analyses big data is called analytics. As a bulk of digital sensor information is
collected through the internet, the quantity of data exceeds the amount that human’s analysing abilities.
Consequently, data analysing technology using a computer with Al capability is being spotlighted.

5.1.5 Ac¢tuator

Once big data about the operating status is analysed by analytics, operating parameters of the”prodyict
can be optimized and the operating status is adjusted based on the analysis result. The delivery devjice
of modifidd parameters to drive the machine is an actuator.

5.1.6 Integration

The opergting status information and the control information should be shafed between the avatar and
the physiqal asset for the integration of the digital twin. The interface commiponent of a digital twin as is
defined irf this document enables the sharing and integration.

5.2 Vispalization elements of digital twin

The relatijons between keywords which are being discussed,among digital twin experts in Korea gre
shown in [Figure 2. Data models or product models in the:STEP standard (ISO 10303) which are belng
standardifed can be regarded as elements of avatars:\Not only design models, but also models for
production or manufacturing are included in ISO 10303. There are also digital models for visualization
that are specified in certain standards (see Annex A):

Industry 4.0

Digital
Twin Sensor
| Visualization | | data
o | o]
Digital | | Physical
model asset .
Operational
Big data
Realti
| Predictive Data
XR, VR, maintenance analytics
AR, MR

Figure 2 — Sample relations among keywords of digital twins

For the visualization of digital twins, most of the methods of virtual reality (VR) or augmented reality
(AR) can be utilized. Visualizing properties such as shape, color, and texture of an avatar or a digital
replica should be included, and animation also should be included.

Visualization of sensor data which shows the operating status of a physical asset should also be added
for the visualization of digital twins. It is similar to the visualization elements of a post-processor in
numerical simulations.
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Additionally, visualization elements are dependent on the lifecycle of the product. The information that
digital twins should share is changing along the lifecycle of a product which is usually made of plan,
design, manufacturing, O&M, or discard, so that visualization elements change along the lifecycle of the
product.

At the beginning of a product lifecycle, there is no physical asset. There is only the avatar or the digital
replica. The conceptual product inside the mind of the designer is modeled as an avatar inside a
computer at the beginning. The avatar is tested or simulated inside a virtual manufacturing system and
the physical product then is realized into a physical asset through physical manufacturing. Only from
this time both twins (avatar and physical asset) exist and can be integrated by sharing realtime status

— 1 : 1 + + ; :
da d ITUIIT SCIISUTS dIIU CULILT UL Ppdl dIICLELS LU dLLUdLULS.

5.3 Detail elements of digital twin visualization

3D printing and 3D laser scanning, which have recently been under research and development also
require a visualization model. In addition to the traditional CAD or mesh modeéls; points clofid models
ar¢ also being introduced. Depending on the fidelity of the avatar, different levels of detail |(LoD) are
belng used as shown in Table 1.

© IS0 2020 - All rights reserved 5
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Table 1 — Classification of plant equipment models based on level of detail (LoD)

LoD Type Description Example (Valve)
— Simple model
) (3-dimensionalized symbol from
Symbol-level model P&ID)

(Basic design stage, send
to equipment manufac-

— Model in default libraries (known as
turer)

ol -adal )l +dadl Blasat
Cataro s THoTaCT—proviaCa— Oy o prarrc

CAD system.

— Model that plant manufacturer re-
models based on vendor-package
(ranges from collection of 2D
drawings to detail 3D model) of
equipment (LoD 5)

Production model
2 (Hroduction design stage

of plant)
— The product model which is suitable
for plant construction
— Model that plant owner or operating
Handover model company requests
3 Reconstructed model
from scanned data) — Has different LOD depending ony'the

requests

— A points cloud model, from 3D
scanning during or aftér construction

Scanned model of the plant

(dpring or after construc-

ftli)n ¢ — It shows additiehal material such as
of plant) insulation material surrounding the
equipmeng
— Detail-muadel of vendor for producing
the equipment
Detailed model from | — Contains detail (geometric, non-
: geometric) information about the
5 efuipment manufactur-

equipment e.g. internal geometry as

ing (Vendor) well as detailed surface information

— Due to security issues, only vendors
have the model

Visualizatlion of the operational status of a product is a long-standing area in computer graphics (C
which is nown @s*scientific visualization. It is better to utilize existing technologies in the CG dom
and to incJudé.CG technologies as the visualization elements of the digital twin.

),
hin

Animatio roupt TTOTTO Captur

sensors. Further development of technology is needed to apply the animation tehnology to the points

ng

cloud models in addition to the traditional animation of polygon meshes. Motion texture can play a role
in complementing the weakness of kinematics-based animations, and similarly, the weakness of CAD
models can be complemented by the laser-scanned models or points cloud. The merge of data from the
avatar (polygons or motion from kinematics) with data from the physical asset (points cloud or motion

texture) can enhance the fidelity of the digital twin.
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6 Use cases

There are various use cases of digital twins and their visualizations. KAIST's wind power modell)
(Figure 3) is shown as an example. It is necessary to define the concept of a digital twin, which is made
of a physical asset, an avatar, and an interface. The avatar means the virtual or digital replica of the
physical wind power system. The physical asset means the wind power system that physically exists in

the physical world.
Digital twin \T]

Interface

Physical asset

Figure 3 — Use case of digital twin of KAIST wind power system

Thie ocean plant sector is also an area in which the need for digital twins is high due to the complexities
of products and the operating location is.far from the land. It is an area where complex and hyge digital
twlin models are needed as the oceairplants must be operated in near-realtime while it is ir] a remote
pldce. The physical asset and the avatar operate in a remote state but are integrated through the near-
regltime data communicated between them, which enables operations just as it is at the nefarly same
tinhe and close by.

1) KAIST wind power system is a wind generator model researched by KAIST. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO or IEC.

© IS0 2020 - All rights reserved 7
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Figure 4 — Digital twin of ocez&@\gnt and core technologies

Q
In the Indlustries 4.0 program of Germany, @s}th is spearheading the fourth industrial revolut

initiatives
shell is py
avatar thd

, the digital twin of smart man a\eturing is also presentl4l. The concept of administrat
oposed as shown in Figure 5. converting real-world physical equipment (asset) into
administration shell can r@’ze the digital twin.

ng

on
on
an

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=372b2a37eeb30aea8d7481b9b6b74d66

Sin
ex

us
tw]
dig
thd
an
int

ISO/TR 24464

[4.0 Component : RAMI4.0
|
|
I
. I.4'O - Architecture Layers
Communication :
|
: Business
Administration l
Shell I =
| B
i
: 8 Information
|| o
Asset : a
z.B. Machin :
£ |
|
|
|
|
|
|
I
I
|
|

&

QO

Figure 5 — Administration shell fo@ italization of a factory

Q

banded the concept of the smart home up&&

ng smartphones. The concept can be expanded to the urban scale and develops as a hy
in where the visualization function is \‘éispensable. If further expanded, the implementaf
ital twin of the Earth is possible. A llite image mapping program like Google Earth?) cg
 avatar of the physical Earth, the satellite image mapping program adds sensor in
l control functions as the smart home, the near-realtime operational information of the Ea
egrated with the avatar Earth:

:2020(E)

Sgéné: ZVEI and Plattform Indystries 4.0

hilar to ocean plants, big cities need digital twﬁ:qechnology. Smart cities, such as Figure 6, have
e urban scale. In smart homes, the operational
information and control information of the ipment in the home can be monitored and

rontrolled
ge digital
ion of the
n become
formation
rth can be

Figure 6 — Concept of smart city

2) Google Earth is an example of suitable satellite image map program available commercially. This information is
given for the convenience of users of this documentand does not constitute an endorsement by ISO or IEC. Equivalent
products may be used if they can be shown to lead to the same results.
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To automate the modeling process of a digital model of the KAIST campus, technologies have evolved
from an old way of manual modeling, where modeling of small items (usually as meshes) is time-
consuming. The technology for automatic reconstruction of buildings has been developed based on the
video stream, images, or point clouds with depth information which is obtained using a Lidar sensor.
Figure 7 shows the results of the automatically reconstructed KAIST campus using the above methods.

Key

1 resultjpfautomatic reconstruction research ‘(\Q
2 origingl commercial satellite image map program(1) $

3 originfl commercial satellite image map program(Z)A’\

4 originpl commercial satellite image map program&@

Figure 8 s

Figure 8 i
and the r

Although
often sim
degree of
product. T
verify the

Y
Figure 7 — Automat@construction of the KAIST campus

hows the differences bet@a design model and the manufactured product. The left sidg
5 a photograph of the fiﬁi} ed product, the middle is the CAD model of the designed produ
ght is the laser-sca@ed points cloud which is used for the verification of manufacturi
it is required to uce products according to the design, the details of the CAD model :
plified in a co x engineering plant because the CAD is modeled barely to the requij
ufacturing process also produces small differences or errors in the fi
here is a g ence between the design model and the manufactured product. To identify a
se diffe
R

of

hg.
\re
ed
hal
nd

es, the finished product is checked and verified through laser scanning.
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Fidelity, LoD (level of detail)

I

-
|
D 8
| ¥
|
II {‘.
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o
Manufactured fr===—— e e
product \r\Q
Y
Design@odel Points cloud
R\

Figure 8 — Laser-scanned points cloud\@ verifying design model against manufactured product

J—

C)
N\
7 | Differences comparc& th augmented reality (AR) and cyber physica
system (CPS) o

Thie differences betwe gﬁe digital twin and the AR need to be analysed. AR, where the real-world
information is added @e pure virtual models, resembles the digital twin, which is made offa physical
asget, an avatar, an nterface. Differences between the AR and the digital twin can be the iftegration
of the near-realti perational big data in the digital twin. Further analysis is needed becauge AR also
allpws integrst@n with the realtime operational data. The operational big data in the digita] twin can

compleme e avatar into a higher level of operational efficiency and accuracy.

Additiofial*differences are simulation intensity in the digital twin and special visualization functions of
ation is used to predlct the performance ofa product ora system Slnce a digital twjin is often
he-preventive—m A-wih ictthe future
performance or problems usmg the operatlonal blg data is essentlal However the 51mulat10n function
can also be implemented in AR.

The visualization function is a core technology for both digital twin and AR since it is difficult to
implement digital twin or AR without visualization capability. Since AR relies more on visualization
capabilities, a variety of visualization techniques or elements of AR can also be used for DTw.

CPS is made of cyber portion and physical portion and their integration (or digital thread). The
construction is very similar to that of the digital twin. Although current speculation says that DTw is a
part or an implementation of CPS, this document finds out that two (DTw and CPS) are similar and be a
candidate to replace each other.

© IS0 2020 - All rights reserved 11
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Annex A
(informative)

Analysis of international standards for the digital twin

visualization

A.1 Vis

Presentat
together
invisibilit

A.2 Daf

The ISO/T|
of DTw a
introduce
is not inc
componer

about res¢lution, latency, and fidelity which are further elaborated in Annex B of this document.

The phrag
Grieves in
NASA’s in
physical s

The Digit4
in Real Sp

ties the viftual and real products togetherlZl.

ual presentation (ISO 10303-46)

on data as described in ISO 10303-46 are combined with the product data and are’exchang
between systems. Examples of presentation data are; presentation styles, {eeclusion 4
y, marker, font, fill-style, shading, rendering, invisibility, colourlil.

fa Architecture of the Digital Twin

C 184 Ad Hoc Group report on Data Architecture of the Digital Twint] provides two definitig
nd five examples of the definitions. Although the original defihition by Michael Grieves
d at the beginning of the ISO/TC 184 Ad Hoc Group report;the definition of Michael Griey

ts (or parts) model of Michael Grieves. The ISO/TC 184 Ad Hoc Group report also mentic

e Digital Twin was first coined by John Vickerswof NASA in 2002 and later used by Mich
2003. While Grieves’ thinking was grounded'in the field of product lifecycle managems
ferest in the Digital Twin was motivated by its requirement to operate, maintain and rep
ystems that are in spacel€l.

1 Twin concept model is shown in Figure A.1. It contains three main parts: a) physical produ
ace, b) virtual products in Virtual)Space, and c) the connections of data and information tl

Real Space Virtual Space

uded in the selected two definitions. This report of DFw visualization adopted the thr

ed
nd

ns

is
res
ee
ns

hel
nt,
Qir

cts
nat

e =1 N
I =3 §

Figure A.1 — Information mirroring model

A.3 Technology Trend Report

The ISO/IECJTC 1 Technology Trend Report on Digital Twin8l is similar to the ISO/TC 184 Ad Hoc Group
report in that it introduces the three components model of DTw of Michael Grieves, but also introduces

12
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seven other definitions (Wikipedia, Deloitte, JST of Japan, GE, SAP, IBM, SIEMENS) which mostly refer
DTw as a digital replica of a physical asset that corresponds to the avatar of this document.

A.4 Cyber Physical System

The term Cyber-Physical System (CPS) was first coined by Helen Gill at the National Science Foundation
in the U.S. for systems combining computation, networking and physical processes in 2006. Since then
the research of CPS has received increasingly more attention from both academia and industryl2l.
Figure A.2 shows a typical CPS configuration. It is similar to the digital twin with the three components

Of nhucical accat At and intarfacg
Py-Steata55es ohvortoHr oo Hee e e

Physical World N
Qv

Dashed elements in
cyber world ar¢
models of the r¢al

elements in physical
world.

Control
Logics

@0 *  Cyber World
O

Key
O
C> component %O :

__ dependency Q)\

Y
)sensor Q‘
) act i

mEaN

Figure A.2 — A typical CPS

Figure A.3 shows a cyber-physical manufacturing system which is also made of three components
of physical assets, cyber twins, and communications between them. A cyber-physical system is
characterized by a physical asset, such as a machine, and its digital replica; basically, a software model
that mimics the behavior of the physical asset. In contrast, the IoT in common parlance is generally
limited to the physical assets, not their digital models[10],

© IS0 2020 - All rights reserved 13
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Cyber World

Cyber Twins

Digital
thread

CPS <

Physical World Physical Assets

A\

Source: Behrad, Bagheri. Jay, ‘&2015 September 23) [L01,
Big future for cyber-physical man fa@ ring systems. De51gn World.
li 1- f.

L
Figure A.3 — A cyber-physical manu@uring system
2
$®
¥
ISO/IEC 218583) was intended to standardize ’@ mixed and augmented reality (MAR). Figure A.4
shows tw¢ components of MAR as the real rp%&md the virtual root.

C)\\

A.5 Mixed and augmented reality

=
o~

3) Deleted.
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