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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 proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
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 16400 series introduces the concept of an equipment behaviour catalogue (EBC), addresses
the requirements of EBC and proposes a guideline to generate an executable representing the dynamic
behaviour of a nominal or a physical instance of a piece of equipment. Such executable plays a vital role
when configuring virtual production systems used for simulation and verification of a future process
as well as monitoring of a current process. Therefore, EBCs will constitute an important part of smart
manufacturing evolution.

An EBC enables an efficient and standardized way for a provider of a piece of equipment to communicate
its dynamic behaviour.

© IS0 2020 - All rights reserved v
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INTERNATIONAL STANDARD ISO 16400-1:2020(E)

Automation systems and integration — Equipment
behaviour catalogues for virtual production system —

Part 1:
Overview

1 (Scope

Thif document specifies the concept and structure of the ISO 16400 series.-This serie$ specify a
methodology for preparing a template and items of an equipment behaviour catalogue (EBC) as a basis
to skructure a virtual production system.

2 |Normative references

Thdre are no normative references in this document.

3 |Terms and definitions
For|the purposes of this document, the following term&and definitions apply.
[SO|and IEC maintain terminological databases fortuse in standardization at the following addresses:

— |ISO Online browsing platform: available athttps://www.iso.org/obp

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

3.1
equipment behaviour catalogue
EB(
gropip of one EBC template and’its EBC items

3.2
EB( template
schema representing a model for each equipment type including behaviour

3.3
behaviour
activity how an element acts and reacts in contexts of realizing its external interaction

[SOURLELS
added at the

end o he oiginal defiti.]

3.4

EBC item
instance of an EBC template

Note 1 to entry: An EBC item represents properties of a piece of equipment including its behaviour.

3.5
EBC repository
set of EBCs

© IS0 2020 - All rights reserved 1
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3.6

nominal equipment instance model

executable

model of a piece of equipment as designed

Note 1 to entry: An executable model is constructed from an EBC item and related data of an equipment design.

3.7

physical equipment instance model

executable

model of an individual piece of equipment which exists in the physical world

Note 1 to entry: An executable model is constructed from an EBC item and related data of an equipment individual.

4 Abbr
AAS )
CDD
JSON
UML
XML

5 Concg

5.1 Req

Requirems

— an EB(

equipn
— an EB(
EXAME
— an EB(
EXAMH

An EBC is
implement|
the result

EXAMPLE

bviated terms

\sset Administration Shell
Common Data Dictionary
avaScript Object Notation
Jnified Modeling Language

pXtensible Markup Language

ept of EBC

hirements for an EBC

nts for an EBC are addressed as follows.

hent instance model.

shall be described using common machine-readable language.
LE XML and JSON.

shall be bound by the terms (name) based on common taxonomy.
LE CDD.

the basis for. the construction of an equipment instance model, whose purpose is td
ed in a virtual production system. An equipment instance model shows its performanc
fits behaviour. A performance can be different depending on the state of the equipment

The consumed energy for a machine is different depending on conditions such as stand-by s

and in oper

shall provide an equipment's behaviour description to a given production system through

be
b as

tate

htioh-state—Consumed-enerayv and-spent-operation-time-areas-well- dependentonthetaraet pro
o) 3¢ 3¢ 3¢ ]

Huct

and the operations. They are simulated in the virtual production system. Annex A is a simple use case of EBC

5.2 Conceptual structure of an EBC

An EBC is a group of one EBC template and its EBC items resulting from use of the EBC template. The
EBCs are registered in a shared repository, as shown in Figure 1. EBC templates and EBC items shall be
prepared by following the specifications.

© IS0 2020 - All rights reserved
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An
behl
stry

In |
pro

EXA
vari

MPLE

EBC repository
EBC #x EBC #y EBC #?
EBC EBC EBC
template template template

#x # #?

EBC EBC EBC

item item item

#x-1 #y-1 #2-1

Figure 1 — Repository of EBCs

Examples of EBC templates are shown in Annex'B.

EBC template and an EBC item are required to include descriptions which specify
Qviour resulting from equipment's activities, and external interactions. Figure 2 shows a
[cture of an EBC template.

igure 2, a behaviour is a composition of a state transition with each state description|
brams, related data, calculation formulas and/or mathematical models.

Consumed energy is calculated using tHe-appropriate formula including variable]
ables can be provided when simulation is executed'on the virtual production system.

EBC template

+ EBC template ID

properties,
conceptual

operation

5. Values of

1
L 1.n | 0..n
property set behaviour exteran
- interactipn
+ size
+ weight Pp—
+ max-speed 1 + receive from
etc. —
1.n 0.n
state . state transition
refer + state name + transition condition
+ from state
+ to state
O 1
| 0..n 0.n 0.n 0.n
mathematical calculation program state data
model formula
+ variable + data type
+ variable + variable
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5.3 Preparation of an EBC

An EBC provider, such as an equipment supplier and a manufacturing device vendor, develops an EBC
item of an equipment using a corresponding EBC template. An EBC template shall be prepared for each

equipment

type by following the specifications.

6 EBC framework

EBC framework consists of a set of EBC repository and equipment instance models as shown in Figure 3.

An equipm

ent instance model is divided into two categories:

d nomi

nal equipment instance model, and

— aphysjcal equipment instance model.
An equipnient instance model is constructed from the selected EBC item accordingte’ISO 1640p0-3.
If the corrpsponding physical equipment exists, the physical equipment data are-applied. A nomjinal
equipment/instance model is a model of an equipment as designed including the behaviour. A phydical
equipmentlinstance model is a model of an equipment as physically realized including the behaviour An
equipment|instance model can be installed as a software agent.
The ISO 16400 series specifies a methodology for constructing an EBC-template and its EBC items| An
EBC template and EBC items specific to a particular equipment are out'of scope of the ISO 16400 sefies.
An EBC is grepared by following ISO 16400-2.
This document specifies the concept and structure applied*in’'the ISO 16400 series. ISO 164(0-2
provides the formal structure of descriptions for EBC templates, a building method and rules for EBC.
ISO 1640043 specifies a guideline to construct equipment instance models using an EBC. Figure 3 shpws
the framevyork of EBC and the structure of the ISO 16400 series.
Q production system model
production system >
configuration data 2O\
EBC framework [ .,
| Part 3:
. . Guideline for -
nominal/physical e
equipment instance model .
of equipment
instance
selected del
EBC items mode | Part 1:
Lt Overview
EBC repeository —
EBC EBC
item item Part 2:
#x-1 #y-1 Formal -
I I o description
EBC EBC of catalogue
template template template
#x #y
EBC #x EBC #y
ISO 16400 series
Figure 3 — Framework of an EBC and structure of the ISO 16400 series
4 © IS0 2020 - All rights reserved
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Application guide for EBC

Benefits of using EBC

The EBC user such as a production system designer, an operator, or a manager, shall construct an
equipment instance model from an appropriate EBC item selected from the repository for the virtual
production system of interest. Then the EBC user can monitor the performance and operation method
of the equipment. The benefits are as follows:

an equipment instance model can be constructed easily, and then, a virtual production system can

Thd
behl

benfefits are as follows:

EB(

manufacturing.

7.2
Ap
isa
the

be-structuredqtickly;

performance of the equipment can be evaluated:
performance of the existing equipment and a newly introduced equipment can be‘comps
operation of the equipment can be evaluated;

planning and operation costs of a production system can be reduced.

EBC framework provides the equipment manufacturer with\the possibility to de
aviour of an equipment prior to delivery. The EBC user can specify the requisite capal

requirements for equipment can be shared between vendors and users;
required equipment can be selected easily;
new customized equipment can be quickly configured.

also provides benefits for smart manufacturing technology. Annex C shows use case

Usage procedure for EBCs

roduction system consists ofimultiple equipment. The adopted workflow of the product]
bsociated with the combinedibehaviour of multiple equipment to produce a product. Figy
usage procedure for EBCs:

red;

scribe the
ilities. The

s in smart

jon system
re 4 shows
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equipment data
from vendor

—
—

preparation of EBCs

EBC repisitory/

#x-1
\ 4
EBC
template
#

physical equipment
data (if exists)
N ——

pr duction sustem
Y

selection of an EBC item ‘ fsff,i.s
X
EBC #y

EBC #x

y

construction of |

copfiguration data

an equipment instance model nominal/physical

equipment
v quip

production
ystem model

| —
—

instance model. |}

configuration of G—
a production system model

v

production
rocess model

=

configuration of
a production behavior model

By followi

l — ) process flow

> data flow
execution of simulation

Figure 4 — Usage procedure for EBCs

In Figure 4, grey shading shows the scope of the 1SO, 16400 series.

g IS0 16400-3, an EBC user works out an egliipment instance model from the selected

item, if co
system mo,

Figure 5 sh
configurat

equipment

In Figure 5
Finally, a
production
output of t

ows data flow in the usage procedure for EBC. A production system model contains spe
on of a factory or a productien line. Figure 5 shows a production system model consisting of
instance models with the\production system configuration data applied.

, the production process model is provided based on target product data and operation d
roduction behayieur model is configured based on the production system model and
process model Simulation can be executed using this production behaviour model. A$
he simulation/the dynamic performance of equipment and system can be monitored.

EBC

'responding physical equipment exists;by applying physical equipment data. Equipnent
instance models are made for all equipment whigh are components of a production system. A produc
del is configured from these equipment instance models.

Fion

Fific

ata.

the
an
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configuring the production behaviour model
. . N
referring with related e
International Standards product
) data
production process
model Y
e
- operation
production ] dat
S production ata
ystem | |
configuration ———)| _ system

A

[ production behaviour
nominal/physical model
equipment
instance model structuring equipment . N
)zl instance model and dynamic per.formance
EBC items from production system o t}.1e equlr.)ment.
FEE ey o (execution of simulation)
EBCr itor [\ preparing EBCs
(EBC templates and EBC items) _J according to ISO 16400

Figure 5 — Data flow in the usage procedure of EBC

7.3| Construction of a virtual production system

A virtual production system is construoted on a production behaviour model which is corfigured by
applying a production process modél to a production system model as shown in Figure 6.

© IS0 2020 - All rights reserved 7
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In Figure 6

equipment
constructe]

In Figure {
show how

which the
examinatid
is a Plan-D

A manufac
of the corré
behaviour

A virtual p
agent syste
difficult to

planning phase operation phase
produc.tlon production production PDCA
planning system management cycle
data performance information
production production behaviour model '
processmodel virtual
/t\ production
. t
production system model system
\
EBC framework
[ L
physical physical nominal
RIS equipment equipment equipment
cycle instance instance instance
model #a model #b model #c
---------------------------------------- e e e e
selected
EBC items EBC item EBC item EBC item cyber
from EBC #a #b #e world
repository
— ——
physical | l physical
equipment in equipment equipment world
production #a #b
system

Figure 6 — Construction of a virtual'production system

, a production system model is constructed using equipment instance models. A nom|

d from EBC items and data from thephysical equipment.

b, a production process model Which is provided from a planning system is a scenari
to operate equipment to produce the target product. A production behaviour mode
pquipment's activity is virtlially executed is required. On the virtual production system,
n can be executed by modifying models such as changing the equipment and/or operatio|
h-Check-Act (PDCA) eycle’in the cyber world.

furing system simuildtion is run on a virtual production system, which is a simulation sys

model configured by applying a production process model to a production system model

Foduction.system is constructed on a production system model which is modelled as a m
m consisting of equipment agents. An equipment agent is an equipment instance model.

as a produ

tioh sustem desiogner and onerator- Once an EBC renaositorvis nrovided basinag on I1ISQ 16
o4 S o o4 T S

instance model is constructed from EBC items. A physical equipment instance modsé

sponding manufacturing system. A virtual production system is constructed on a product

write a software program of agents for the user of a manufacturing simulation system {

inal
] is

D to

on
the
In. It

Lem
on

—

11ti-
[t is
uch
00,

by using the construction system such as commercially avai

r
lable construction system, an equipm

ent

instance model is automatically constructed as a software agent from the selected EBC item. Furthermore,
a production system model can be constructed as the combination of equipment instance models.

7.4 Use cases of equipment instance models

Use cases of a nominal equipment instance model and a physical equipment instance model are
divided into four types as shown in Table 1. An equipment instance model can be worked out from the
selected EBC item in the EBC repository. An EBC item provides nominal data about a specific type of
equipment. In Table 1, Use Case 1 and Use Case 3 are the use case for a nominal equipment instance
model corresponding to EBC item only, and Use Case 2 and Use Case 4 are the use case for a physical

equipment

instance model corresponding to EBC item for the physical equipment.

© IS0 2020 - All rights reserved
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Table 1 — Use cases of equipment instance models

nominal physical
phase equipment equipment
instance model instance model
design & planning use case 1 use case 2
operation use case 3 use case 4

Typical examples for each use case and details of the examples are shown in Annex D.

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

Simple use case for deriving requirements for an EBC

The simple example of using EBC items is introduced in Flgure A 1. ThlS example shows the case for
presentatigs peed machine100l
includes dscrlptlon about maximum spmdle speed and formula for calculatmg the cuttmg speefl of
target prodquct. The EBC item for the tool includes a formula for calculating the maximum cutting/Speed
for varioug constraints and/or conditions. A formula can include variables which would, belprovided
as operatign data, work related data and/or product data. In this example, the model.descriptiop of
the produdtion system which is constructed by one machine tool is generated from the’machine fool
instance model and tool instance model. The production behaviour model is prepared based on|the
productior] system model by adding operation data and work related data. The\best fitted tool| for
planned operation and the product is selected by simulating and comparing performance of candidate
tools throygh the production behaviour model.

This example provides following requirements for the EBC:
— the EBL is bound by the names based on the common taxonom#¥{e‘g. CDD)

— the EBC supplies required behaviour functions and/or patameters to a given production system

model
. operation work related
production system
. . data data
(single machine)
model — formula for cutting speed u M
J ) production
machine tool |l «] (machining)
instance model instance model — behaviour
N A model
EBC item EBC item ¢
for machine for tool machining
, performance
— maximum spindle)speed — formula for maximum — cutting speed
— nominal fornitla for cutting speed for various 9 sp
cutting-speed constraints/conditions

Figure A.1 — Selection of a tool for the machine by using EBC items

10 © IS0 2020 - All rights reserved
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Thg machine tool's behaviour in Figure A.1 is modelled using the UML state chart as showialin
There are four normal states: idling, workpiece fixing, turning operation and workpie
Furthermore, in the turning operation state, there are three sub states: tool selection, tool
turping. In B.2 and B.3, EBC templates for this machine are provided using XME:and JSON 3
Thegse EBC template include the description of nominal formula for cutting speed in the tut

Thi

Annex B
(informative)
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Examples of EBC templates

nominal formula description for cutting speed could be used to construct a product
modlel which includes formula for calculation of cutting speed. The déescription of the f]
cutfing speed includes the following variables; spindle speed and werkpiece diameter. Valy
varjables would be provided when constructing a production systém model and when con

profduction behaviour model.

. new workpiece in
power on (NC program, etc)

idling W

workpieeeready

( workpiece fixing W ( idling (error)

Figure B.1.
ce release.

thange and
s example.
ning state.
jon-system
brmula for
es of these
structing a

error

:
|

turning job operation

~

ff :
powero tool setting

S

( toplselection

tool change

W
J

—1 ] )
_
4

Al
x

( turning w,

® - L

machining job complete

( 3
workpiece release

completed workpiece out L J

Figure B.1 — UML State Chart for Machine type X

B.2

Example of XML codes for an EBC template of a machine in Figure B.1 is as follows:

Example of an EBC template using XML

<?xml version="1.0" encoding="utf-8" 2>
<EBC

xmlns:production-system="production-system-operation.xml"

xmlns:machining-performance="machining-performance.xml"
xmlns:tool="cuttiog-tool.xml">

<organization>XYZ Corporation</organization>
<model>HPQ-100mxy</model>
<description>multi-tasking turning center</description>

<ability>
<maximum-spindle-speed>1500</maximum-spindle-speed>
</ability>

© IS0 2020 - All rights reserved
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<behaviours>
<state id="1" name="idling">
<transition name="new workpiece in (NC program, etc)">
<state-ref id="2" />
</transition>
</state>
<state id="2" name="workpiece fixing">
<transition name="workpiece ready">
<state-ref id="3" />
</transition>
</state>
<state id="3" name="turning job operation">
<transition name="machining job complete">
<$tate-ref id="8" />
</ttansition>
<trgnsition name="error">
<¢$tate-ref id="9" />
</ttansition>
</state>
<statg¢ id="4" name="tool setting" />
<statq¢ 1d="5" name="tool selection" />
<statg¢ 1d="6" name="tool change" />
<statg¢ id="7" name="turning">
<sed>
<__
Splndle-speed is decided at the upper limit or less from the tool and the materipl
to be cut

-—>
<fpachining-performance:cutting-speed
select=" (pi*tool:material-diameter*production-system: spindle-speed)/1000" />
</s¢qg>
</stat¢>
<statg¢ 1d="8" name="workpiece release">
<trgnsition name="complete workpiece out">
<g¢tate-ref id="1" />
</t¥ansition>
</state>
<statq¢ 1d="9" name="idling(error)" />
</behavjours>
</EBC>

B.3 Example of an EBC template using JSON

Example of JSON codes for an EBC template of a machine in Figure B.1 is as follows:

{

"EBC":

{
"organization"¢*XYZ Corporation",

"model'l: "HPQ-100mxy",
"degcriptiQr'):"multi-tasking turning center",
"mafimum-spindle-speed":1500,

"behaviours":

{

13 ing" .
=

{
"state id":1,
"state name":"idling",
"transition":
{
"new workpiece in(NC program, etc)":
{
"transition name":"new workpiece in (NC program, etc)",
"next state id":2

}
o
"workpiece fixing":
{

"state id":2,

12 © IS0 2020 - All rights reserved
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"state name":"workpiece fixing",
"transition":
{
"workpiece ready":
{
"transition name":"workpiece ready",
"next state id":3

}
b
"turning job operation":

{
"state id":3,

"state name":"turning job operation",
"transition":
{
"machining job complate":
{
"transition name":"machining job complate",
"next state id":8
by
"idling(error)":
{
"transition name":"idling (error)",
"next state id":9

}
bo
"tool setting":{},
"tool selection":{},
"tool change":{},
"turning":
{
"state id":7,
"seq":
{
"cutting-speed":" (pi*toll :material-diameter*production-system
spegd) /1000"
}
bo
"workpiece release":
{
"state id":8,
"state name'T"wOrkpiece release",
"transition"®
{
"compléted workpiece out":
{
"transition name":"completed workpiece out",
"next state id":1

i
£y

"idling (error)":{}

:spin

© IS0 2020 - All rights reserved
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Annex C
(informative)

Use case in smart manufacturing

C.1 Digitaltwin
A digital tyvin is a digital replica of a living or non-living physical entity such as a virtual e(Qg}mlent.
By bridginig the physical and the virtual world, data is transmitted seamlessly allowing .the virfual
entity to e¥ist simultaneously with the physical entity. An EBC item is digital descriptions of properfties
and behavfiour of a physical equipment. A virtual equipment could be construc by referfing
a correspdnding EBC item. EBC item works as a bridge between physical equégbqent and virtual
equipment|in digital twin. N
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Figure CQ}- EBC and digital twin
C.2 AAS (Asset Administration Shell)
An AAS is|one main conce}\ ndustrie 4.0 for providing information hiding and higher levels of
abstraction for assets. An @'pment is one type of asset. An AAS has a unique identifier and contgins
sub-model§. Sub-mode @fine properties and services, and implement a reflexive interface. Tihey
provide high-level in ation such as regarding offered services of assets, asset status modelg, or
plant topology m@. An EBC could support to derive sub-models of the asset.
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Figure C.2 — EBC and AAS
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