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SMART MANUFACTURING STANDARDS MAP (SM2) -
Part 1: Framework

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 1ISO or
participate in the development of International Standards through technical committees established by

IEC
the

respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
ollaborate in fields of mutual interest. Other international organizations, governmental and non-governmental,

2)

3)

4)

5)

6)
7)

8)

9)

Th
col

Th

Fu
the

Th

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

The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possible

from all interested IEC and ISO National bodies.

IEC and ISO documents have the form of recommendations for international use and are accepted by IEC
IEC and ISO documents is accurate, IEC and ISO cannot be held responsible for the wayin which they are u
or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and ISO National bodies undeftake to apply IEC and

documents transparently to the maximum extent possible in their national and\ regional publications.

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

assessment services and, in some areas, access to IEC and ISO marks of conformity. IEC and ISO are
responsible for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this,document.
experts and members of its technical committees and IEC“and ISO National bodies for any personal inj

egal fees) and expenses arising out of the publicationjuse of, or reliance upon, this ISO/IEC document or
pother IEC and ISO documents.

Attention is drawn to the Normative references{cCited in this document. Use of the referenced publication
ndispensable for the correct application of this document.

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

s document has been prepared by IEC systems committee SM: Smart Manufacturing
aboration with ISO technical committee 184: Automation systems and integration.

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

Draft Report on voting

SyCSM/42/DTR SyCSM/46/RVDTR

above-table.

blanguage used for the development of this Technical Report is English.

an

nternational consensus of opinion on the relevant subjects since each technical committee has representation

Bnd

SO National bodies in that sense. While all reasonable efforts are made to ensure that the,technical content of

sed

SO
Any
be

[EC and ISO do not provide any attestation of conformity. IndependentCertification bodies provide conformity

not

No liability shall attach to IEC and ISO or their directors, £€mployees, servants or agents including indiviqual

ury,

property damage or other damage of any nature whatseever, whether direct or indirect, or for costs (including

any

Attention is drawn to the possibility that same of the elements of this ISO/IEC document may be the subjedt of

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs.


http://www.iec.ch/members_experts/refdocs
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In this document, the following print types are used.
The font colour of the committee mandatory characteristics is red.
The font colour of the committee conditional characteristics is purple.

A list of all parts in the ISO/IEC 63306 series, published under the general title Smart
Manufacturing Standards Map (SM2), can be found on the IEC and ISO websites.

[PORTANT — The "colour inside” Togo on the cover page of this publication indicates that i
ntains colours which are considered to be useful for the correct understanding of its

cq
ntents. Users should therefore print this document using a colour printer.

cdg
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INTRODUCTION

International and regional standards developing organizations (SDOs), as well as consortia
and national initiatives, identified the need for clarifying the standards landscape of thousands
publications related to manufacturing in general and more specifically to smart
manufacturing.

of

On this matter, the "Big Picture" project initiated by ISO/TC 184 "Automation systems and
integration" in 2001 is notable. It resulted in the publication of ISO/TR 23087:2018 [1]".

Th

Th
to

b other important contributions are:

VDI/VDE and ZVEI, Reference Architecture Model Industrie 4.0 (RAMI14.0) [3],-2015;
final report of ISO/TMB Strategic Advisory Group Industry 4.0/Smart manufacturing, 201

b Smart Manufacturing Standards Map (SM2) project was initiated by,ISO and IEC in or
pbrovide a credible, central, and neutral repository of information about standards related

smiart manufacturing.

NO
tec

[E Standards is a generic term covering international and national standards, specifications, technical repd
nical specifications, white papers and other similar deliverables provided-by standards developing organizati

(SOO) or consortia.

Th

b goals of this project are to provide a systematic” and reliable classification meth

(vdcabulary and catalogue), and in the future a central repository with visualization tools
softing, classifying and comparing standards.

Th

Th
ne

pse tools are intended to support SDOs, their officers and experts in the following tasks:

identify standards that apply to their.own domain;

examine the main features of selected standards;

generate comparisons between the relative positioning of different standards in th
domain or other domains.

bse tools should also serye standards users in the following tasks:

identify the relevantistandards for their activity;
evaluate their(@ctivity in terms of the standards and the standardization projects;
build their.product development roadmap in accordance with the standards landscape.

bse tools_and the information contained in the repository are updated frequently to refl
v standards and the need for new ways to characterize standards as technology advanc

NISTIR 8107, Current Standards Landscape for Smart Manufacturing Systems [2],,2016;

Her
to

rts,
ons

od
for

eir

1

Numbers in square brackets refer to the Bibliography.
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Th
of
an

SMART MANUFACTURING STANDARDS MAP (SM2) -

Part 1: Framework

Scope

S document describes the framework and the vocabulary that are used for the developm
entries in the Smart Manufacturing Standards Map Catalogue. These enable the mapp

manufacturing (product, production, supply chain, industrial services ...).

Th

b framework applies to international standards, de facto standardsmnand consorti

specifications; publications or projects; thereafter named "standards".

Th

e framework part (Clauses 4) briefly describes the principle of structuring the standa

cafalogue and its use for analysing the standards landscape.

Th

b vocabulary part (Clauses 5 to 13) specifies the characteristics that are used for

clapsification of standards.

NOJE The vocabulary is not universal but is the best effort to name the concepts used in different domains.
2 | Normative references

There are no normative references in this.document.

3 | Terms and definitions

No|terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the follow
addresses:

4

4.1

IEC Electropedia:available at http://www.electropedia.org/
ISO Onlingtbrowsing platform: available at http://www.iso.org/obp

Principle of the Smart Manufacturing Standards Map (SM2)

i linking of standards and standard projects related to various aspects ~of)'sm

bnt

ng
art

rds

he

ng

Framework

The framework for the Smart Manufacturing Standards Map (SM2) enables the standardization
stakeholders to identify, for each concerned standard, the characteristics related to its potential
role and the impact of its use in the industry. These characteristics are defined in the SM2

Vo

cabulary.

Figure 1 shows the principle of this framework.
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SM2
Vocabulary

—~\—

Information
2-Assign a value
to the
standards
3-produce graphical
representations
for different viewpoints:
= Select template,
= —Seleetas:
= Filter,
SM2 = Generate.
Catalogue

<

4-Feedback process: Characteristics are adapted from the analysis needs &

\

Figure 1 — Principle of the SM2 \@wwork

S

4.2 SM2 Catalogue

of |the characteristics (properties of stand

In the SM2 Catalogue, relevant standards and&é&grdzatlon projects are depicted in terms

characteristics as described in this documen

is intended to monitor the consistency of the,

(se¢ Annex E).

.

é
&S

NOTE The reference model for the Smart Manush%::}iring Standards Map is based on ISO/TR 23087:2018 [1], which

Q\

Eagph characteristic has a form\il’,\?ossible values and a qualifier.

Y

N\
The qualifier specifies whﬁb\entity is expected to provide the value for the characteristic.

IEC

organized in blocks and sub-blocks| of

ished standards and the current or future standardization projg¢cts

SM2 Catalogue, different graphical representations can be builf to

Frgm the filtering , di i
fadgilitate underst g of the issues and decision making.

Fidqure 2 s?@yan example of a populated SM2 Catalogue.
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Figure 2 — Example of populated SM2 Catalogue
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4.3 Graphical representations

The standard mapping is necessarily linked with graphical representations that are essential

for

a human understanding.

Different graphical representations can be generated from the SM2 Catalogue. The type of
graphical representation depends on the viewpoint that is selected for the investigation of

sta

keholder concerns.

For example system mtegrators are typlcaIIy mvoIved in the productlon system life cycle and

Fig
alo
hie

Th
the

Fo
inte

In
ars

opfion standard number is selected, while in Figure8 the standard short title option is select

ndards by showing in which phases of the life cycle(s) these standards can be used.

ure 4 shows a possible structure for the mapping of relevant production systém standar
ng the axes "Interoperability layers", "Production system life cycle" ~and "Functio
rarchy".

b generation of graphical charts may be based on templates (like "Cube" or "2D Chart") &
configuration of chart parameters.

example, in Figure 5, a 3D template was selected, and only standard numbers
brnational standards are displayed while in Figure 6 shortditles are displayed.

Figure 7 and Figure 8, a 2D template option display.is selected; the search options selec
process instruments ec@talogue and I1SO and\JEC standards. In Figure 7, the disp

in
ata

hal

nd

of

ed

ay
2d.
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SW2 Catalogue MW oion warves |
¥4 roces oot

Search Product class

Representation Template 2D - 1

Concept

/4
< 6\/"Procluct type life

IEC

Figure 3 — Example mapping of product catalogue data standards
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I

s{wz Catalogue

Business
Function |
Information -~ |

Communication

Representation Template 3D - 1
X = Production system lifecycle
Y = Functional hierarchy

Z = Interoperability layer

b

\
»

v

(Connected world

Resources -~
e

__Enterprise (L4)
s
__Operations (L3)

¥
Control (L2)

g
Field (L1)
. !'

_ Process (LO)
~
Product

Implementation

~

Operatiqn

<

Retirement

IEC

Figure 4 — Example mapping structure for production system standards
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SMZ Catalogue

Product class Controller

et (0 e

Standard IEC 61131

Template 3D #1

X = Production system lifecycle
Representation Y = Functional hierarchy

Z = Interoperability layer

Value = Standard number

Business

Function

Infor";y c
Commuwh/

Operation 3
N S ~ < &
™ R S & qé"é, 4

N & p
\ Retirement \(Q‘é> £

N ~

N . /
\\ > I
Rt
\\\’

N )
\\ /
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Figure 5 — Example chart "Production system cube" with standard numbers

IEC
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SM2 Catalogue

>
Product dass. I Corroller ] "N
Ve
09@
Sondard WIS ecoin e
a

Template 3D #1

Search Feature

X = Production system lifecycle
Representation Y = Functional hierarchy

Z = Interoperability layer

,///
,,,,, —h
R/ Business
T
Function/
E!
“\ Information —
\
\ % 2
Communch q
- 5 '

IEC

Figure 6 — Example chart "Production system cube” with short title
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SM2 Catalogue

Product class M Process instruments

Wil

Template 2D - 1

g X = Production system lifecycle
Representation

Y = Product type lifecycle

Concept

- Markeﬁns

|

IEC

Figure 7 — Example 2D chart with standard numbers
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SM2 Catalogue

productcoss B[] process morumenss | NN

wi[s> ]
W[ 8

Template 2D - 1

. X = Production system lifecycle
Representation

Y = Product type lifecycle

R
N
@

"\é}roductlon system life

IEC

Figure 8 — Example 2D chart with short title
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5 Overview of the SM2 Vocabulary

5.1

Summary of characteristics and blocks

The classification scheme uses the term "block" to indicate a top-level classifier and "sub-block"
as a second level classifier for characteristics.

NOTE The term "block" is adopted from IEC 61360:2017 [4].

Table 1 to Table 8 depict this classification. This structure is used for the SM2 Catalogue. The

fol

a

anaed

Wi l h-blael ah

I-nri +i

aticaand
roacSarra o

att

iy Aloiioae (Oloion
wirgorausSt o (oraust U

[ al o 120\
O CTauSt— 1O/ SPCUT

Lo itha o P oD
Ty TS oTOCIGT SO0~ oTotIoTmarrattc

ibutes (data type, possible values and qualifier).

Table 1 — Block "ldentification”: sub-blocks and characteristics

Block Sub-block Characteristic

Status

Reference
Standard number
Edition

Publication
Publication date
Project numbetr:

Project
Forecast publication date

Identification Organization

Owner Committee number
Committee title

IcS International Classification for
Standards
Standard title

Title

Standard short title

Table 2 — Block™Object™: sub-blocks and characteristics

Block

Sub-block

Characteristic

Type of
standard

Basic standard

Terminology standard

Testing standard

Product standard

Process standard

Service standard

Interface standard

Object

Data standard

Type of object

Product

Production system

Enterprise

Personnel

Manufacturing
process type

Batch

Discrete

Continuous

Hheir
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Table 3 — Block "Hierarchy": sub-blocks and characteristics

Block Sub-block Characteristic
Enterprise
Equipment FaC|I|ty
hierarchy Station
Device
Connected world
IWH b 2 H VARV AY
Hierarehy Bstress—{4y
Operations management (L3)
Functional
hierarchy Control (L2)

Sensors and actuators (L1)

Process (LO)

Product

Table 4 — Block "Life cycle": sub-blocks and characteristics

Production
system life cycle

Block Sub-block Characteristic

Marketing

Product type life | Deyelopment

cycle Sales
Obsolescence support
Manufacturing

Productitistance | Transport and stock

Life cycle life cyele Use

Retirement
Concept
Design

Implementation

Use

Retirement
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Table 5 — Block "Interoperability”: sub-blocks and characteristics

Block Sub-block

Characteristic
Integration
Interoperability Federation
approach
Unification
Business
Process

Interoperability
concern

o .
o CTHCE

Interoperability

Data

Interoperability
layer

Business

Function

Information

Communication

Resources

Table 6 — Block "System engineering process"”: sub-blocks and characteristics

Block

Sub-block

Characteristic

System
engineering
process,

Agreement processes

Acquisition/proeess

Supply.process

Organizational project-
enabling processes

Life;eycle model management process

Infrastructure management process

Portfolio management process

Project management process

Human resource management process

Quality management process

Knowledge management process

Technical management
processes

Project planning process

Project assessment and control process

Decision management process

Risk management process

Configuration management process

Information management process

Measurement process

ean 0. o
R Ee—proeeess

Technical processes

Business or mission analysis process

Stakeholder needs and requirements definition process

System requirements definition process

Architecture definition process

Design definition process

System analysis process

Implementation process

Integration process

Verification process

Transition process
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Block Sub-block Characteristic

Validation process

Operation process

Maintenance process

Disposal process

Table 7 — Block "Relevance to SM": sub-blocks and characteristics

Block Sub-block Characteristic

Relevance level

Relevance to SM
Motivation

Table 8 — Block "Validation": sub-blocks and characteristics

Block Sub-block Characteristic

Responsible person

Checked

Validation Check date

Warning

Comment

5.2 Values of the characteristics

T

>0

e data type of a characteristic value can’be:

— |Boolean,
— |string (sequence of alphanumébpic characters expressing meaningful text),
— |enumeration (selection of @ value from a fixed list of options),

— |date (yyyy-mm or yyyy-mm-dd).
In the catalogue, the . Boolean type is displayed:

— |"1" for value, 1}

— |"-" for value 0.
Any value-can be additionally displayed:

— |blank (empty) if the value of the characteristic was not evaluated by the owner,

"?" if the owner could not evaluate the characteristic.

All the characteristics of the blocks Object, Hierarchy, Life cycle, Interoperability and System
engineering process have a Boolean data type.

5.3 Qualifier

The qualifier specifies which entity is expected to provide the value for the characteristic.

The qualifier can be:

— committee mandatory characteristic: The characteristic value is provided by the
project/publication owner technical committee (TC, SC, ...);
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— committee conditional characteristic: The characteristic value is provided by the
project/publication owner technical committee (TC, SC, ...) only for certain values of another
characteristic;
— committee optional characteristic: The characteristic value is provided by the
project/publication owner technical committee (TC, SC, ...);
— SDO characteristic: The characteristic value is provided by the project/publication owner
SDO;
— administrative characteristic: The characteristic value is used for the management of the
catalogue by the standards map organization.
NO[E The font colour of the committee mandatory characteristics is red. The font colour of the commijtee
conditional characteristics is purple.
6 | Block "ldentification™
6.1 Composition
Tabple 9 describes the composition of the block "ldentification".
Table 9 — Composition of the block "ldentification™
Block Sub-block Characteristic Characteristic data type, Qualifier
possible.values and example
Status Engmeration: publication,
project, both
Reference
String
Standard number EXAMPLE IEC 62264-1
. String
Edition EXAMPLE 2.0
Publication
L Date (yyyy-mm)
Publication date EXAMPLE 2015-05
. String
Projegd fumber EXAMPLE IEC 62264-1 Ed. 3.0
Project
L Date (yyyy-mm)
Forecast publication date EXAMPLE 2017-05 SDO. ‘
characteristtic
Identification -~ String
Organization EXAMPLE 1SO
Owner, Committee number String
EXAMPLE ISO/TC 184/SC 4
. . String
Committee title EXAMPLE Industrial data
IcS International Classification | String
for Standards EXAMPLE 25.040.40-35.240.50
String
Standard title EXAMPLE Enterprise-control
system integration
Title
String Committee
Standard short title EXAMPLE 1 IEC CDD optional
EXAMPLE 2 FDT characteristic
6.2 Qualifier

All characteristics of the block "ldentification" except the "Standard short title" are SDO
characteristics.

The characteristic "Standard short title" is committee optional.
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6.3 Sub-block "Reference"
6.3.1 Characteristic "Status"”

The characteristic "Status” indicates if the standard is a project, a publication or both.
Its data type is enumeration.

Table 10 describes the possible values of "Status".

Table 10 — Possible values of "Status™

Possible values Explanation
Puyblication The standard was published.
Project The standard is being developed and has not been published yet.
Bgth The standard has been published and is also under revision,(new edition or
amendment)

6.3.2 Characteristic "Standard number”

The characteristic "Standard number" is the generic identification of the standard.
Its [data type is string.
It does not include the edition nor the date.

It may designate a standard, a part, several parts or all parts of a multi-part standard.

If Several parts are referenced, the separator between parts is

EXAMPLE 1 |EC 62424 designates a standard.
EXAMPLE 2 IEC/TR 60071-4 designates a part.
EXAMPLE 3 ISO/TS 18101-1 designates a part.
EXAMPLE 4 |EC 62264 designates all parts of a multi-part standard.

EXAMPLE 5 1SO 386471,2 designates two parts of a multi-part standard.
6.] Sub-biock "Publication"
1

6.4. Characteristic "Edition"

The'data type of the characteristic "Edition" is string.

"edx" stands for for the edition x, "edx + am1" for the edition x and amendment 1, "edx + am1
+ am?2" for the edition x, amendment 1 and amendment 2.

EXAMPLE 1 ed2
EXAMPLE 2 ed2 + am1 + am2

For a multi-part standard, it might be irrelevant to indicate an edition because parts may have
different edition numbers. In this case, the field is empty.

6.4.2 Characteristic "Publication date"

The data type of the characteristic "Publication date" is date (format yyyy-mm).
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EXAMPLE 2015-05

For a multi-part standard, it might be irrelevant to indicate a date because parts may have
different dates. In this case, the field is empty.

6.5 Sub-block "Project"

6.5.1 Characteristic "Project number”

The data type of the characteristic "Project number" is string.

Th

Dif
SM

In

b simple format is used: "edx", for a new edition, "amx" for an amendment.

ferent formats for the project number are used by the different organizations, the foerma
2 is an alternative to adopting one of them.

SO, there are both a project number based on the standard number, the-edition and

cufrent draft document, and a five-digit project id.

EXA4

In
an

EXA
EXA

EXA

6.5.

Th

EXA

6.6

6.6.

Th

Its

EXA

6.6.

AMPLE 1 For ISO/CD 22549-2 ed.1- id.75244, the expected value in the SM2#able is "ed1".

EC, the current (it changed) project number is based on thé'standard number, the edit
I possibly the amendment number.

AMPLE 2 For IEC 62769-115-2 ED2, the expected value in the SM2 table is "ed2".
AMPLE 3 For IEC 63044-5-2/AMD1 ED1, the expected valde in'the SM2 table is "am1".

AMPLE 4 For IEC 60038/AMD1/FRAG1 ED7, the expeeted value in the SM2 table is "am1".
2 Characteristic "Forecast publication date"

b data type of the characteristic "Forecast publication date" is date (format yyyy-mm).

AMPLE 2017-05
Sub-block "Owner"
1 Characteristic "Organization”

b characteristic "©fganization" designates the SDO.

data type is.enumeration.

\MPLE_<\SO

2 Characteristic "Committee number”

of

he

on

The intent of this characterization is to identify the committee responsible for approving the
publication of the document.

In ISO and IEC, the format is " ISO" or " IEC" " /" "TC" "space" <TC number> ("/" "SC" "space"
<SC number>).

The same format is used for other organizations ("Organization" "/" "sub-body" "/" "sub-
body" ...). Its data type is string.

EXAMPLE 1 ISO/TC 184/SC 4

EXAMPLE 2 IEC/TC 65/SC 65E
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6.6.3 Characteristic "Committee title"

For sub-committees, the characteristic "Committee title" includes the committee title (complete
path), both titles are separated by "/".

Its

data type is string.

EXAMPLE 1 Automation systems and integration/Industrial data

EXAMPLE 2 Industrial-process measurement, control and automation/ Devices and integration in enterprise
systems

6.7 Sub-block "ICS"

6.7.1 Characteristic "International Classification for Standards"

6.7.1.1 Description

The characteristic "International Classification for Standards" refers (to-’the hierarchical

clapsification as defined by ISO (see 1CS:2015 [5]).

Th

Th
(in

6.7.

Th

Th
IC9

Ea

Th
<I(

s classification consists of three levels:

Level 1 covers 40 fields of activity;
Level 2 is a subdivision into 392 groups;
Level 3 further divides into 909 sub-groups.

b |ICS codes reflect this classification. Several I0S“codes may be assigned to one stand
this case, "-" is used as separator).

1.2 Format

b data type is string.

e value combines the ICS code's’and does not contain the ICS titles. The separator betwg
b codes is "-".

Ch ICS code is a three-level code, the separator between levels is ".":

Level 1: two-digit code;
Level 2: three-digit code;
Level 3: two=digit code (this third level is optional).

e format of the characteristic "International Classification for Standards"
S,cade 1> ("-" <ICS code 2>) ("-" <ICS code 3>) ("-" <ICS code 4>)

ard

en

EXAMPLE 1 29.120.20

EXAMPLE 2 75.020-25.040.40

6.7.1.3 Possible values

The possible values of the characteristic "International Classification for Standards" are defined
in 1ICS:2015 [5].

6.7.1.4 Comments

The following text is an extract from 1CS:2015 [5].

"1 - Purpose of the ICS
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The ICS (International Classification for Standards) is intended to serve as a structure

for

catalogues of international, regional and national standards and other normative documents,
and as a basis for standing-order systems for international, regional and national standards. It
may also be used for classifying standards and normative documents in databases, libraries,

etc

1.2 The ICS should facilitate the harmonization of information and ordering tools such as
catalogues, selective lists, bibliographies, and databases on magnetic and optical media, thus
promoting the world-wide dissemination of international, regional and national standards and

oth

er normative documents.

2 -|Description of the ICS

2.1

intgrnational, regional and national normative documents, such as standards, technical repo

st
teg

2.2

2.3
ag

4

2.4
the

4

2,
su

4

6.7.

Th

6.8

6.§.

Th

Th

For the purposes of this document, the general term "standard" is applied” to

ndardized profiles, technical specifications, technical regulations, guides, code€s of practi
hnology trends assessments, etc. and the drafts of such documents.

The ICS is a hierarchical classification which consists of three levéls.

Level 1 covers 40 fields of activity in standardization, e.g, road vehicle engineeri
iculture, metallurgy. Each field has a two-digit notation, e.g.

3 Road vehicle engineering

The fields are subdivided into 392 groups (level2). The notation of a group consistg
field notation and a three-digit group number, €éparated by a point, e.g.

3.040 Road vehicle systems

144 of the 392 groups are further divided into 909 sub-groups (level 3). The notation g
-group consists of the group notation and a two-digit number, separated by a point, e.g,

3.040.20 Lighting, signalling and warning devices"

2 Other characteristics

b sub-block "ICS" has only one characteristic: "International Classification for Standards].

Sub-block("Title"
1 Characteristic "Standard title"

b characteristic "Standard title" is the exact standard title as recorded by the SDO.

all
ts,

of

p_data type is string

EXAMPLE

Application protocol: Product life cycle support

6.8

.2 Characteristic "Standard short title"

Industrial automation systems and integration — Product data representation and exchange — Part 239:

The characteristic "Standard short title" is a text that can be displayed in a small table cell or
in a figure.

The data type is string, the maximum length is 16 characters.

EXAMPLE 1 IEC CDD

EXAMPLE 2 STEP
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7 Block "Object"

7.1 Composition

Table 11 describes the composition of the block "Object".

Table 11 — Composition of the block "Object"

Block Sub-block Characteristic Ch_aracterlstlc data type, Qualifier
possible values and example
Basic standard Boolean
Terminology standard Boolean
Testing standard Boolean
Type of Product standard Boolean
standard Process standard Boolean
Service standard Boolean
Interface standard Boolean .
Committee
Object Data standard Boolean optional
characteristic
Product Boolean
Production system Boolean
Type of object
Enterprise Boolean
Personnel Boolean
Batch Boolean
Manufacturing Discrete Boolean
process type
Continuous Boolean

7.2 Qualifier

The characteristics of the block "Object" are committee optional.

7.3 Sub-block "Type of standard”
7.3.1 Description

The sub-block "Type of standard" is defined by ISO/IEC Guide 2:2004 [6].

7.3.2 Characteristics

Table 12)describes the characteristics of "Type of standard".

The data type for these characteristics is Boolean.

A standard can be of different types, so the value 1 can be given to several characteristics.
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Table 12 — Characteristics of "Type of standard”

Characteristics

Explanation

Basic standard

o Definition

standard that has a wide-ranging coverage or contains general provisions for
one particular field

NOTE A basic standard may function as a standard for direct application or
as a basis for other standards.

[SOURCE: ISO/IEC Guide 2:2004 [6], 5.1]

Tgrmimotogy standard

e perinition

standard that is concerned with terms, usually accompanied by their
definitions, and sometimes by explanatory notes, illustrations, examples) etc

[SOURCE: ISO/IEC Guide 2:2004 [6], 5.2]

Tgsting standard

e Definition

standard that is concerned with test methods, sometimes(supplemented with
other provisions related to testing, such as sampling, use"of statistical
methods, sequence of tests

[SOURCE: ISO/IEC Guide 2:2004 [6], 5.3]

Prioduct standard

o Definition

standard that specifies requirements to be fulfilled by a product or a group of]
products, to establish its fitness for putpese

NOTE 1 A product standard may jgclude in addition to the fitness for purpoge
requirements, directly or by reference, aspects such as terminology, sampling
testing, packaging and labelling¢and, sometimes, processing requirements.

NOTE 2 A product standard can be either complete or not, according to
whether it specifies all or'only a part of the necessary requirements. In this
respect, one may differentiate between standards such as dimensional,
material, and technjeal*delivery standards.

[SOURCE: ISO/IEC Guide 2:2004 [6], 5.4]

Priocess standard

o Definition

standardthat specifies requirements to be fulfilled by a process, to establish
its fitness for purpose

[SOURCE: ISO/IEC Guide 2:2004 [6], 5.5]

S¢rvice standard

e Definition

standard that specifies requirements to be fulfilled by a service, to establish its
fitness for purpose

NOTE Service standards may be prepared in fields such as laundering,
hotel-keeping, transport, car-servicing, telecommunications, insurance,
banking, trading.

[SOURCE: ISO/IEC Guide 2:2004 [6], 5.6]

nierface standard

e Definition

standard that specifies requirements concerned with the compatibility of

Products Or Sysielrs dt their pOiﬂlb of terconmection

[SOURCE: ISO/IEC Guide 2:2004 [6], 5.7]

Data standard

o Definition of standard on data to be provided

standard that contains a list of characteristics for which values or other data
are to be stated for specifying the product, process or service

NOTE Some standards, typically, provide for data to be stated by suppliers,
others by purchasers.

[SOURCE: ISO/IEC Guide 2:2004 [6], 5.8]
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Sub-block "Type of object”

The sub-block "Type of object" defines the focus of the standard in the system approach.

7.4.2

Characteristics

Table 13 describes the characteristics of "Type of object".

The-datatypefortheseeharacteristestsBeolean:
A gtandard can be applicable to different types of object, so the value 1 can be given to.s€ve

characteristics.

Table 13 — Characteristics of "Type of object"

ral

Characteristics

Explanation

P

loduct

o Definition
desired output or by-product of the processes’of-an enterprise

Note 1 to entry: A product can be an intermediate product, end product, or
finished goods from a business perspeetive’

[SOURCE: IEC 62264-1:2013 [7], 3¢1.27]

e Comment

In this notion of product, service is not included.

The product is the result.ef a process and object of trade.

o Examples of standard

IEC 62683-1, Low-Voltage switchgear and controlgear — Product data and
properties for jnformation exchange — Part 1: Catalogue data

IEC 61987<1)Industrial-process measurement and control — Data structures
and elements in process equipment catalogues — Part 1: Measuring equipme
with analogue and digital output

nt
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Characteristics

Explanation

Production system

o Definition of production system

system intended for production of goods
Note 1 to entry: The concept of production system includes spare parts.

Note 2 to entry: The concept of production system does not encompass the
whole manufacturing facility. It excludes in particular the supporting
infrastructure (such as building, power distribution, lighting, ventilation). It also
excludes financial assets, human resources, raw process materials, energy,
work pieces in process, end products.

Note 3 to entry: Praoductian systems may support different types of productio

processes (continuous, batch, or discrete).
[SOURCE: IEC TS 62832-1:2016 [8], 3.1.20]

e Definition of system

something of interest as a whole or as comprised of parts

NOTE Therefore a system may be referred to as an entity. /A Component of
system may itself be a system, in which case it may be ealled a subsystem.

[SOURCE: ISO/IEC 10746-2:2009 [9], 6.5]

V)

and
[ISO 15745-1:2003 [10]]
e Comment

The term also covers the production assets that are resources for the
manufacturing system.

e Examples of item

Enterprise, factory, maching!

o Example of standard

IEC 61915-2, Low-voltage switchgear and controlgear — Device profiles for
networked industrial devices — Part 2: Root device profiles for starters and
similar equipment

Enterprise

o Definition

humanrundertaking or venture that has explicit and clearly defined mission,
goals,nand objectives to offer products or services, or to achieve a desired
project outcome or business outcome

Note 1 to entry: When in operation, an enterprise functions as a system that
realizes the mission through life cycle activities within a life history.

Note 2 to entry: In this document, "enterprise” refers to concrete (e.g.
company, project or extended supply chain enterprise) or abstract (e.g. virtua
enterprise) entities.

Note 3 to entry: One or more organizational unit participates in an enterprise
For an enterprise involving more than one such unit, each brings various
resources forward for use, participating to the extent that it benefits from the
involvement, which most often occurs to address some challenge that it is
unable to address on its own.

[SOURCE: ISO 15704:2019 [11], 3.4]

=

Personnel

e Definition

all persons engaged in a given organization, including employer(s), employees
or self-employed persons

[SOURCE: ISO 9707:2008 [12], 2.25]

7.5 Sub-block "Manufacturing process type"

7.51 Description

A process is a sequence of chemical, physical or biological activities for the conversion,
transport or storage of material or energy. Industrial manufacturing processes can generally be
classified as continuous, discrete parts manufacturing or batch. How a process is classified
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depends on whether the output from the process appears in a continuous flow (continuous), in
finite quantities of parts (discrete parts manufacturing), or in finite quantities of material

(batches).

[SOURCE: IEC 61512-1:1997 [13], 4.1]

The sub-block "Manufacturing process type" describes which of these three types the standard

applies to.

7.5.2 Characteristics

Taple 14 describes the characteristics of "Manufacturing process type".

The data type for these characteristics is Boolean.

A standard can be applicable to different types of process, so the value 1. ¢an be given

sevYeral characteristics.

Table 14 — Characteristics of "Manufacturing process type"

to

Characteristics

Explanation

Discrete

Discrete parts manufacturing processes

In a discrete parts manufacturing process, products are classified into
production lots that are based on cemmon raw materials, production
requirements and production/histories. In a discrete parts manufacturing
process, a specified quantity‘ef product moves as a unit (group of parts)
between workstations, and‘each part maintains its unique identity.

[SOURCE: IEC 61512:4.1997 [13], 4.1.2]

Batch

Batch process

process that leads to the production of finite quantities of material by
subjecting quantities of input materials to an ordered set of processing
activities_over a finite period of time using one or more pieces of equipment

[SOURCE: IEC 61512-1:1997 [13], 3.7]
Batch processes

The batch processes addressed in this standard lead to the production of fini
quantities of material (batches) by subjecting quantities of input materials to
defined order of processing actions using one or more pieces of equipment.
The product produced by a batch process is called a batch. Batch processes
are discontinuous processes. Batch processes are neither discrete nor
continuous; however, they have characteristics of both.

[SOURCE: IEC 61512-1:1997 [13], 4.1.3]

te

Co¢ntinuous

Continuous processes

In a continuous process, materials are passed in a continuous flow through
processing equipment. Once established in a steady operating state, the

nature of the process is not dependent on the length of time of operation

Start-ups, transitions and shutdowns do not usually contribute to achieving the

desired processing.

[SOURCE: IEC 61512-1:1997 [13], 4.1.1]

8 Block "Hierarchy"

8.1 Composition

Table 15 describes the composition of the block "Hierarchy".
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Table 15 — Composition of the block "Hierarchy"

Block Sub-block Characteristic Characteristic data type, Qualifier
possible values and example
Enterprise Boolean
. ili Committee
E_qmpment Facility Boolean optionsl
hierarchy Station Boolean characteristic
Device Boolean
Connected world Boolean
Business (L4) Boolean
Hiefarchy Operations management Boolean
(L3)
Functional Control (L2) Boolean Committee
hierarchy mandatory
Sensors and actuators Boolean characteristilc
(L1)
Process (LO) Boolean
Product Boolean
Motivation String

8.2 Qualifier

The characteristics of the sub-block "Equipment hierarchy" are committee optional.
The characteristics of the sub-block "Functionalhierarchy" are committee mandatory.

8.3 Sub-block "Equipment hierarchy.
8.3.1 Description

The sub-block "Equipment hierarchy" defines which level in the role-based equipment hierar¢hy
of the enterprise the standard-deals with.

It i$ based on IEC 62264-1:2013 [7] (ISA 95) and IEC 61512-1:1997 [13] (ISA 88).

NOTE Annex C providés the mapping of the "Equipment hierarchy" to several existing hierarchy designations.

The mapping of'the "Equipment hierarchy" on the legacy levels is documented in Clause C]7.

A gtandard.can be applicable to different levels of the hierarchy, so the value 1 can be giyen
to severalcharacteristics.

8.372Chraracteristics

Table 16 describes the characteristics of "Equipment hierarchy".
The data type for these characteristics is Boolean.

Table 16 — Characteristics of "Equipment hierarchy”

Characteristics Explanation

Enterprise e Definition

one or more organizations sharing a definite mission, goals and objectives
which provides an output such as a product or service

[SOURCE: IEC 62264-1:2013 [1], 3.1.10]
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Characteristics

Explanation

Facility e Definition
The facility hierarchy level concatenates the site and area hierarchy levels
defined in the role-based equipment hierarchy of IEC 62264-1:2013 [1].
site
identified physical, geographical, and/or logical component grouping of a
manufacturing enterprise
[SOURCE: IEC 62264-1:2013 [1], 3.1.39]
area
physical, geographical or logical grouping of resources determined by the(sit¢
[SOURCE: IEC 62264-1:2013 [1], 3.1.2]

Station e Definition
The station hierarchy level concatenates the work center and-wark unit
hierarchy levels defined in the role-based equipment hierarchy-of IEC 62264
1:2013 [1].
work center
equipment element under an area in a role-based equipment hierarchy that
performs production, storage, material movement, or any other Level 3 or
Level 4 scheduled activity
[SOURCE: IEC 62264-1:2013 [1], 3.1.44]
This generic term is more often used in+batch production as "process cell", in
continuous production as "production,unit", in discrete production as
"production line" and in storagesor movement as "storage zone".
work unit
equipment element under.a work center in a role-based equipment hierarchy
that performs productiony'storage, material movement
[SOURCE: IEC 62264-1:2013 [1], 3.1.45, modified]
This generic termvis more often used in batch and continuous production as
"unit", in discrete production as "work cell" and in storage or movement as
"storage unijt”.

Dgvice e Definition
The:device hierarchy level concatenates the equipment module and control
module hierarchy levels defined in the role-based equipment hierarchy of
IEC 61512-1:1997 [13].
equipment module
A functional group of equipment that can carry out a finite number of specific
minor processing activities.
NOTES
1 An equipment module is typically centered around a piece of proceps

equipment (a weigh tank, a process heater, a scrubber, etc.). This tefm
applies to both the physical equipment and the equipment entity.

2—Examptesof mmimor process activities are dosimgamd-weighing:
[SOURCE: IEC 61512-1:1997 [13], 3.16]
control module

The lowest level grouping of equipment in the physical model that can carry
out basic control.

NOTE This term applies to both the physical equipment and the equipment
entity.

[SOURCE: IEC 61512-1:1997 [13], 3.10]
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8.4  Sub-block "Functional hierarchy"
8.4.1 Description

The sub-block "Functional hierarchy" defines which level in the functional hierarchy of the
enterprise the standard deals with.

It is based on the functional hierarchy defined in IEC 62264-1:2013 [1] (ISA 95) with an upper
level as defined in SGAM [14] and IEC PAS 63088:2017 [15] (RAMI 4.0) and a lower level as
defined in IEC PAS 63088:2017 [15] (RAMI 4.0).

NOTE Annex C provides the description of the several existing hierarchies and the mapping of the "Functignal
hiefarchy" to them.

8.4.2 Characteristics

Taple 17 describes the characteristics of "Functional hierarchy".
The data type for these characteristics is Boolean.

A gtandard can be applicable to different levels of the hierarchy, so the value 1 can be giyen
to several characteristics.
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Table 17 — Characteristics of "Functional hierarchy"”

Characteristics Explanation

Connected world It reflects the horizontal market operations in value added networks.

EXAMPLE Network of factories

Business (L4) Business planning, operation and logistics

Level 4

functions involved in the business-related activities needed to manage a
manufacturing organization

[SOURCE: IEC 62264-1:2013 [1], 3.1.16]

Establishing and executing the basic plant schedule for production, material
use, delivery, shipping, determining inventory levels, operational manageme
etc.

[SOURCE: IEC 62264-1:2013 [1], Figure 3]

—

Operations management (L3) Operations management

manufacturing operations management

MOM

activities within Level 3 of a manufacturing facility that ceordinate the
personnel, equipment and material in manufacturing

[SOURCE: IEC 62264-1:2013 [1], 3.1.22]

Level 3

functions involved in managing the work flows“\o produce the desired end-
products

[SOURCE: IEC 62264-1:2013 [1], 3.1.17]

Work flow / recipe control to produce.the desired end products. Maintaining
records and optimizing the production process, dispatching production,
detailed production scheduling, teliability assurance, etc.

[SOURCE: IEC 62264-1:2013\J1], Figure 3]

Control (L2) Level 2
functions involved in nienitoring and controlling of the physical process
[SOURCE: IEC 62264-1:2013 [1], 3.1.17]

Monitoring, supervisory control and automated control of the production
process
[SOURCE: |EC 62264-1:2013 [1], Figure 3]

S¢nsors and actuators (L1) Level 1
functiens involved in sensing and manipulating the physical process
[SOURCE: IEC 62264-1:2013 [1], 3.1.18]

Priocess (LO) Level 0
actual physical process [SOURCE: IEC 62264-1:2013 [1], 3.1.19]

Product The hierarchy level "Product" denotes the cooperating or collaborating produfct
to be manufactured as an integral part of a smart manufacturing value-added
process.

9 | Block"Life cycle"

9.1—Cempesition

Table 18 describes the composition of the block "Life cycle".
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Table 18 — Composition of the block "Life cycle”

Block Sub-block Characteristic Characteristic data type, Qualifier
possible values and example
Marketing Boolean
Product type Development Boolean
life cycle Sales Boolean Committee
conditional
Obsolescence support Boolean characteristic
; the value of
Manufacturing Boolean '(‘Typ" ofobject”
Product Transport and stock Boolean is "Product!
instance life
Lifelcycle cycle Use Boolean
Retirement Boolean
Concept Boolean Eommittee
) Design Boolean conditional |
Production characteristic
system life Implementation Boolean (the value o
cycle "Type of object"
Use Boolean is "Productign
Retirement Boolean system”)

9.2 Qualifier

The characteristics of the block "Life cycle" are comniittee conditional.

The characteristics of the sub-blocks "Product type life cycle" and "Product instance life cyd

arg provided if the value of the characteristic “T'ype of object" is "Product".

e

The characteristics of the sub-block "Production system life cycle" are provided if the valug of
thg characteristic "Type of object" is,"Production system".

9.3 Sub-block "Product type:life cycle”

9.3.1 Description

The product type life cycle (see Figure 9) is the set of phases of a product type from the sf{art
of the marketing phasge-to the end of the product abandonment.

The product typenlife cycle begins with the marketing phase where market analysis is conducied
and marketing-requirements are published.

The marketing phase is followed by the development phase, in which the product is develoged
as |apfoduct type. The development mcludes design, simulation and test activities, productjon
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specified technical and commercial criteria have been met, the product is released for sale (see
milestone 1). Following the conclusion of successful testing, production ramp-up and service
preparation, the delivery release is achieved (milestone 2). This enables manufacturing of the
product, which means, in the context of the introduced terminology, the instantiation of the

product type starts.

The sales phase follows the development phase. The operational business with the product
type finishes with the end of sales (see milestone 3). Typically, the end of production (see
milestone 4) is after the end of the sales phase and depends on technical and economic
conditions. An announcement of end of sales (milestone 3) should be communicated to enable
users to cover their demands before end of production.
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Standard service for the product begins with delivery release (see milestone 2) and ends with
product abandonment (see milestone 6). The obsolescence support phase begins with the end
of sales (see milestone 3) and finishes with product abandonment. The end of service (see
milestone 5) occurs in the obsolescence support phase prior to product abandonment. This
means that all product-related deliveries and standard services provided by the producer end
with the product abandonment. An announcement of product abandonment (milestone 6)
should be communicated to enable users to cover their service demands before end of product

life

The sum of these phases for a product type is called the product life cycle. The term

me

NO

Se

cycle. After milestone 6, the product (type) is obsolete.

"cycle'

bse innovation cycles result in new product versions of the product.

[E This description is derived from IEC 62890:2020 [16].

b also Annex B.

1 3 5

9.3.
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Figure 9 — Product type life cycle

2 Characteristics

ble 19 describes the characteristics of "Product type life cycle".
b data type/for these characteristics is Boolean.

tandard can be applicable to different phases of the life cycle, so the value 1 can be giy
everal characteristics.

"is
On.

IEC

en

A standard can be applicable to different life cycles, so the value 1 can be given to
characteristics in different sub-blocks of the "Life cycle" block.
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Table 19 — Characteristics of "Product type life cycle”

Characteristics Explanation
Marketing Market analysis and marketing requirements
Development Design, simulation and test activities, production and sales ramp-up, and trials
Sales The product can be purchased by customers.
Obsolescence support The product cannot be purchased by customers but the manufacturer still
provides services.

9. Sub-block "Product instance life cycle”
9.4.1 Description

Prgduct instance life cycle is the consecutive and interlinked phases of a product, from raw
material acquisition or generation from natural resources to final disposal.

NO[E This is the definition of life cycle in ISO 14040:2006 [17], 3.1, but "stages of ‘a’product system" has bgpen
replaced with "phases of a product".

The product instance is concrete, manufactured and shipped tothe customer. It is described
by |[a product type that is documented in catalogues.

Sep also Annex B.

9.4.2 Characteristics

Table 20 describes the characteristics of "Product instance life cycle".
The data type for these characteristics is*Boolean.

A gtandard can be applicable to different phases of the life cycle, so the value 1 can be given
to several characteristics.

A ptandard can be applicable to different life cycles, so the value 1 can be given|to
characteristics in different\sub-blocks of the "Life cycle" block.

Tahle) 20 — Characteristics of "Product instance life cycle"

Characteristics Explanation
Manufacturing The product instance is manufactured.
Transportiand stock The product instance is shipped and stored.
Use The product instance is used, it might have some outage periods and be

repaired or upgraded, The product instance becomes an asset part of a
production system and may play different roles during its time of use.

Retirement The product is decommissioned, disposed of, recycled.

9.5 Sub-block "Production system life cycle"
9.5.1 Description

Life cycle is the set of distinguishable phases and steps within phases which an entity goes
through from its creation until it ceases to exist.

NOTE This is the definition of life cycle in ISO 19439:2006 [18], 3.42.

See also Annex B.
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The phases of a production system life cycle are defined in ISO 15704:2019 [11] for example
as shown in Figure 10 [SOURCE: ISO 15704:2019 [11], Figure B.2].
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Figure 10 — GERA life cyclelphases

9.5.2 Characteristics

Table 21 describes the characteristics of "Production system life cycle".
The data type for these characteristics is*Boolean.

A gtandard can be applicable to different phases of the life cycle, so the value 1 can be given
to geveral characteristics.

A ptandard can be applicable to different life cycles, so the value 1 can be given|to
characteristics in different'sub-blocks of the "Life cycle" block.

Table 21 — Characteristics of "Production system life cycle"

Characteristics Explanation
Concept Identification, concept and requirements.
D¢sign Preliminary design and detailed design.
Injplementation Procurement, construction, commissioning.
Use Operafion, maintenance and refurbishment.
Retirement Decommissioning, recycling and disposal.

10 Block "Interoperability”

10.1 General

Smart manufacturing involves the networking and integration of different companies through
value networks.

Interoperability enables the exchange of entities (information objects or physical objects) and
sharing among the heterogeneous systems within these value networks.
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Cross-domain interoperability is becoming increasingly important as business operations
become more global and organizations from different domains are inter-connected. A
common meta-model used as baseline for industry specific models enables cross-domain
interoperability.

Cross-asset interoperability will allow seamless integration of any asset, i.e. seamless
device-to-cloud integration.

10.2 Composition

Table 22 describes the composition of the block "Interoperability".

Table 22 — Composition of the block "Interoperability”

Block Sub-block Characteristic Characteristic data type, Qualifiet
possible values and example
Integration
Interoperability Federation Boolean
approach
Unification Boolean
Business Boolean
Interoperability | Process Boolean
concern Service Boolean Committee
Intgroperability mandatory
Data Boolean characteristilc
Business Boolean
Function Boolean
Interoperability Information Boolean
layer
Communication Boolean
Resources Boolean
10)3 Qualifier
The characteristics of the bloek "Interoperability" are committee mandatory.

10
10

Th
sol

10

Ta

The data type for these characteristics is Boolean.

4 Sub-block "Interoperability approach”

4.1 Description

b sub-blocksInteroperability approach" describes the way interoperability problems
ved and barriers are overcome [SOURCE: ISO 11354-1:2011 [19]].

4.2 (_Characteristics

bte-23-describesthecharacteristiesof “Interoperabitity approach™

A standard can generally apply to one approach; nevertheless, the value 1 can be given to
several characteristics.
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Table 23 — Characteristics of "Interoperability approach”

Characteristics Explanation
Integration A common form is used to represent the exchanged entities.
e Example

"Integration” or "Unification" for ISO 10303 (all parts) [20]. STEP defines a full
integrated approach, but some of its parts are used as constructs in systems
and other standards, then they participate to the unification approach.

e Additional explanations

I e imegraleu dpPprodchi a common 10rm shall De Used 10 Tepresernt tne
exchanged entities. This common form shall be sufficiently expressive to
capture those details that affect interoperability of the items to be exchanged,
rather than the process or system as a whole. The common form is not
necessarily an International Standard but needs to be agreed by participating
enterprises in order to elaborate these entities and build systems_accordingly.
[SOURCE ISO 11354-1:2011 [19], 5.4.2]

Fgderation Standardized interfaces are defined to ensure the communication and
interoperability between applications developed independently.

e Example

"Federation" for IEC 62264-1:2013 [1], which addresses explicitly the
federation approach with the definition of a standardized interface.

"Federation" for ISO 15745-1:2003 [10] and SO 16100:2009 [21].

e Additional explanations

"In the federated approach, there is)no sufficiently capable common form or
meta-model to guide the interaCtion between enterprises that need to
interoperate. The lack of capability is often related to different terminologies pr
methodologies that need tebe resolved by business entity interaction. While
there can be a commonsunderstanding between the business entities, in the
federated approach, no business entity imposes their own models, language
and methods of work."{SOURCE ISO 11354-1: 2011 [19], 5.4.4]

Unification A common metasmodel, which is applicable for the participating entities and
used as a common reference to map existing models' syntax and semantics is
identified and, detailed.

o Example

"Unification" for ISO 15704:2019 [11], which addresses the unification
approach with the definition of a reference architecture and the building up of
constructs (e.g. partial models).

"Integration” or "Unification" for ISO 10303 (all parts) [20]. ISO 10303 (all
parts) [20] (STEP) defines a full integrated approach, but some of its parts a
used as constructs in systems and other standards, then they participate to
the unification approach.

o

e Additional explanations

"In the unified approach, a common meta-model, which is applicable for the
participating entities and used as a common reference to map existing mode
syntax and semantics, shall be identified and detailed. This meta-model
provides at least a reference vocabulary, but could be a complete ontology.
Such a meta-model is not an executable entity. Instead, it shall provide a
means for semantic equivalence 1o enable mapping between entities. Using
this meta-model, a translation between the constituent entities is then
possible. However, that translation might involve the loss of some information
because the participating entities can have different extensions or
instantiations of the same meta-model." [SOURCE ISO 11354-1:2011 [19],
5.4.3]

[2]

Additional information is given in

- 180 11354-1:2011 [19],
- 180 14258:1998 [22], 3.8.2, and
— 1SO 15704:2019 [11].
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10.5 Sub-block "Interoperability concern”

10.5.1 Description

The sub-block "Interoperability concern" describes the aspect of interaction or interoperation
that is of interest to an enterprise stakeholder.

ISO 11354-1:2011 [19], 5.2.1 states that

"The interoperability concern viewpoint shall describe the kinds of concerns that are relevant
for enterprise interoperability.

Data are used by services. Services are employed by processes to realize the business of
enferprise. From another perspective, the goal of an enterprise is to run its business. T

business is realized through processes. Processes employ services that in turn-need datg
perform activities."

10)5.2 Characteristics

Table 24 describes the characteristics of "Interoperability concern”,

The data type for these characteristics is Boolean.

A |standard can apply to several concerns, so the walue 1 can be given to seve

characteristics.

Table 24 — Characteristics of "lnteroperability concern™

he

ral

Characteristics

Explanation

Bysiness

Business interoperation oecurs when a particular business is understood and shared
without ambiguity among\interacting partners.

[SOURCE ISO 11354<#:2011 [19], 5.2.5]

It can be interpreted as context.

Priocess

Process interoperation occurs when either

— a particular process is capable of receiving and using needed information and other
entities provided by an external process, or conversely,

—an‘external process is capable of receiving and using needed information and other
entities from a process within the enterprise.

[SOURCE 1SO 11354-1:2011 [19], 5.2.4]

S¢rvice

Service interoperation occurs when either

— a particular service is capable of receiving and using needed information provided b
an external service, or conversely,

— an external service is capable of receiving and using needed information from a
service within the enterprise

[SOURCE 1SO 11354-1:2011 [19], 5.2.3]

It can be interpreted as conveyance.

Data

Data interoperation occurs when either

— a particular entity is capable of receiving and using needed data items provided by an
external source, or conversely,

— an external source is capable of receiving and using needed data items from an entity
within the enterprise.

[SOURCE ISO 11354-1:2011 [19], 5.2.2]

It can be interpreted as content.

he
to
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10.6 Sub-block "Interoperability layer"
10.6.1 Description

The sub-block "Interoperability layer" is related to the concept of interoperability barrier from
ISO 11354-1:2011 [19] as described in SGAM [14] (See the summary in Annex D).

10.6.2 Characteristics

Table 25 describes the characteristics of "Interoperability layer".

The data type for these characteristics is Boolean.

A dgtandard can generally apply to one layer but also to several, so the value 1 can,begiver] to
seyeral characteristics.

Table 25 — Characteristics of "Interoperability layer”

Characteristics Explanation

Bysiness The business layer represents the business view on the information exchange related
smart manufacturing. It can be used to map regulatory‘and economic (market) structur
and policies, business models, business portfolios (products and services) of market
parties involved. Also, business capabilities and business processes can be representéd
in this layer. In this way it supports business execCutives in decision making related to
(new) business models and specific business*projects (business case) as well as
regulators in defining new market models,

[e]

14

S

Fynction The function layer describes functions¢and services including their relationships from g
architectural viewpoint. The functions/arée represented independent from actors and
physical implementations in applications, systems and components. The functions are
derived by extracting the use casgyfunctionality which is independent from actors.

=]

nformation The information layer describes the information that is being used and exchanged
between functions, servicessand components. It contains information objects and the
underlying canonical data models. These information objects and canonical data mode|s
represent the commoprsemantics for functions and services in order to allow an
interoperable information exchange via communication means.

Communication The emphasis ‘ofsthe communication layer is to describe protocols and mechanisms for]
the interoperable exchange of information between components in the context of the
underlying.use case, function or service and related information objects or data models.

R¢sources The emphasis of the resources layer is the physical distribution of all participating
components in the smart manufacturing context. This includes system actors,
applications, equipment (typically located at process and field level), control devices,
network infrastructure (wired and wireless communication connections, routers,
switches, servers) and any kind of computers.

1

-_—

Block"System engineering process"

114—General

ISO/IEC/IEEE 24748-1:2018 [23] gives a general overview of the system engineering process
definitions, as background for treatment of life cycle processes. It shows the relationships of
life cycle concepts to the hardware, human, services, process, procedure, facility and naturally
occurring entity aspects of projects. It describes how its concepts relate to detailed process
standards, for example, in the areas of measurement, project management and risk
management.

The life cycle processes can be used by any organization when acquiring and using, as well as
when creating and supplying, a system. Each process has a specific purpose, a set of expected
outcomes and a set of activities. The life cycle processes are based on principles of ownership
(a process is associated with a responsibility) and modularity. That is, all the parts of a process
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are strongly related (strongly cohesive), and the number of interfaces among the processes is
kept to a minimum (loosely coupled).

These processes can be applied at any level in the hierarchy of a system structure. Selected
sets of these processes can be applied throughout the life cycle for managing and performing
the stages of a system life cycle. This is accomplished through the involvement of all

sta

keholders, with the goal of achieving customer satisfaction.

ISO/IEC/IEEE 15288:2015 [24] establishes a common framework of process descriptions for
describing the life cycle of systems created by humans. It defines a set of processes and

eX

NO

Th
thg

Th

gu
pri
or

1

Ta

asiomated ferminology from an engineering viewpoint. These descriptions are used in_the

lanations of the tables in Clause 11.

TE These processes are also described in ISO/IEC/IEEE 12207:2017 [25].

t organizations find useful.

dance for project management and can be used by any type of érganization, including pub|

Huration.

2 Composition

ble 26 describes the composition of the block "System engineering process".

Table 26 — Composition of the block "System engineering process"

bse processes are not intended to preclude or discourage the use of additional processes

b "Project management process" from ISO 21500:2012 [26] has\. been added in the

characteristic "Organizational project-enabling processes". 1SO 21500:2012 [26] provides

c,

ate or community organizations, and for any type of project-irrespective of complexity, sjize

SIP Characteristic data type .
Block Sub-block Characteristic h ype, Qualifiet
possible values and example
Agreement Acquisition process Boolean
processes Supply process Boolean
Life cycle model
Boolean
management process
Infrastructure
Boolean
management process
Portfolio management
Boolean
o process
©rganizational
foject- Project management
projec ) 9 Boolean
enabling process
processes
Human resource Boolean )
Sysftent management process Committee
engjneering - optional
process Quatity mamagement Boolean characteristic
process
Knowledge management
process Boolean
Project planning process Boolean
Project assessment and
Boolean
control process
Technical .
Decision management
management Boolean
process
processes
Risk management process | Boolean
Configuration
Boolean
management process
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Information management

Boolean
process
Measurement process Boolean
Quality assurance process | Boolean
Business or mission
. Boolean
analysis process
Stakeholder needs and
requirements definition Boolean
process
Syvuctom roaniirarnAanto
AN Boolean
definition process
Architecture definition
Boolean
process
Design definition process | Boolean
Technical System analysis process Boolean
processes
Implementation process Boolean
Integration process Boolean
Verification process Boolean
Transition process Boolean
Validation process Boolean
Operation process Boolgan
Maintenance process Boolean
Disposal process Boolean
1143 Qualifier
The characteristics of the block "Systemengineering process" are committee optional.

1
1
Or

4.1 Description

4 Sub-block "Agreement processes"”

janizations are producers and users of systems. One organization (acting as an acquirer)

canf task another (acting as a supplier) for products or services. This is achieved usjng

ag

1

Ta

Th

eements.

4.2 Characteristics

b 'data type for these characteristics is Boolean.

ble 27.describes the characteristics of "Agreement processes".

A standard can generally apply to one process; nevertheless, the value 1 can be given to
several characteristics.

Table 27 — Characteristics of "Agreement processes”

Characteristics

Explanation

Acquisition process

The purpose of the acquisition process is to obtain a product or service in
accordance with the acquirer's requirements.

Supply process

The purpose of the supply process is to provide an acquirer with a
product or service that meets agreed requirements.
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11.5 Sub-block "Organizational project-enabling processes"”
11.5.1 Description

The organizational project-enabling processes are concerned with providing the resources
needed to enable the project to meet the needs and expectations of the organization's
interested parties. The organizational project-enabling processes are typically concerned at a
strategic level with the management and improvement of the organization's business or
undertaking, with the provision and deployment of resources and assets, and with its
management of risks in competitive or uncertain situations.

11)5.2 Characteristics

Table 28 describes the characteristics of "Organizational project-enabling processes™,
The data type for these characteristics is Boolean.

A standard can generally apply to one process; nevertheless, the valueCs1" can be given| to
seyeral characteristics.

Table 28 — Characteristics of "Organizational project-énabling processes"”

Characteristics Explanation
Life cycle model management The purpose of the life cycle medel management process is to define,
prpcess maintain, and assure availability of policies, life cycle processes, life

cycle models, and procedures for use by the organization with respect t¢
the scope of this document.

Infrastructure management The purpose of thexnfrastructure management process is to provide the
prpcess infrastructure and«services to projects to support organization and proje¢
objectives throughout the life cycle.

—

Pgrtfolio management process The purpose ‘of the portfolio management process is to initiate and
sustain necessary, sufficient and suitable projects in order to meet the
strategie, objectives of the organization.

Project management process The purpose of the project management process is to identify project
objectives, initiate project planning, define project detail, implement
project activities and provision of deliverables, control process for
monitoring, measuring, and performance against project plan to achieve
objectives, and to close the project and report lessons learned.

Hyman resource management The purpose of the human resource management process is to provide
prpcess the organization with necessary human resources and to maintain their
competencies, consistent with business needs.

Quality managemeént.process The purpose of the quality management process is to assure that
products, services and implementations of the quality management
process meet organizational and project quality objectives and achieve
customer satisfaction.

Knowledge management process The purpose of the knowledge management process is to create the
capability and assets that enable the organization to exploit opportunitiels
to re-apply existing knowledge

11.6 Sub-block "Technical management processes"
11.6.1 Description
The technical management processes are concerned with managing the resources and assets

allocated by organization management and with applying them to fulfil the agreements into
which the organization or organizations enter.

11.6.2 Characteristics

Table 29 describes the characteristics of "Technical management processes".
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The data type for these characteristics is Boolean.

A standard can generally apply to one process; nevertheless, the value 1 can be given to
several characteristics.

Table 29 — Characteristics of "Technical management processes”

Characteristics Explanation

Project planning process The purpose of the project planning process is to produce and coordinate
effective and workable plans.

Project assessment and control The purpose of the project assessment and Control process is to assess

prpcess if the plans are aligned and feasible; determine the status of the project
technical and process performance; and direct execution to helpensure
that the performance is in accordance with plans and schedules, Within
projected budgets, to satisfy technical objectives.

Dg¢cision management process The purpose of the decision management process is toyprovide a
structured, analytical framework for objectively identifying, characterizing
and evaluating a set of alternatives for a decision at-any point in the life
cycle and select the most beneficial course of action.

Risk management process The purpose of the risk management process is to identify, analyse, treat
and monitor the risks continually.

Configuration management The purpose of configuration management (CM) is to manage and contrpl

prpcess system elements and configurations,over the life cycle. CM also managgs
consistency between a product and’its associated configuration definition.

Information management process The purpose of the informationnmanagement process is to generate,
obtain, confirm, transform¢retain, retrieve, disseminate and dispose of
information, to designated\stakeholders.

Mgasurement process The purpose of the méasurement process is to collect, analyse, and
report objective datajand information to support effective management
and demonstrate‘the quality of the products, services, and processes.

Quality assurance process The purpose(of-the quality assurance process is to help ensure the
effective application of the organization quality management process to
the project:

11{7 Sub-block "Technical processes"”

11{7.1 Description

The technical proceSses are concerned with technical actions throughout the life cygle.
Teghnical processes/transform the needs of stakeholders into a product and service. By
applying that product or operating that service, technical processes provide sustainaple
pefformance,~when and where needed, in order to meet the stakeholder requirements gnd
achieve customer satisfaction. The technical processes are applied in order to create and yse
a slystem,-whether it is in the form of a model or is a finished product. The technical procesges

ap

ply at any level in a hierarchy of system structure and at any phase in the life cycle.

1.

7.2 Characteristics

Table 30 describes the characteristics of "Technical processes".

The data type for these characteristics is Boolean.

A standard can generally apply of one process; nevertheless, the value 1 can be given to
several characteristics.
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Table 30 — Characteristics of "Technical processes”

Characteristics

Explanation

Business or mission analysis

The purpose of the business or mission analysis process is to define the

requirements definition process

process business or mission problem or opportunity, characterize the solution
space, and determine potential solution class(es) that could address a
problem or take advantage of an opportunity.

Stakeholder needs and The purpose of the stakeholder needs and requirements definition

process is to define the stakeholder requirements for a system that can
provide the capabilities needed by users and other stakeholders in a
defined environment.

Sy
pri

stem requirements definition
bcess

The purpose of the system requirements definition process is to transfowlm
the stakeholder, user-oriented view of desired capabilities into a technidal
view of a solution that meets the operational needs of the user.

Architecture definition process

The purpose of the architecture definition process is to generate' system
architecture alternatives, to select one or more alternative(s)'that frame
stakeholder concerns and meet system requirements, and\to express th
in a set of consistent views.

[

D¢

sign definition process

The purpose of the design definition process is to provide sufficient
detailed data and information about the system®and its elements to
enable the implementation consistent with architectural entities as
defined in models and views of the system(architecture.

Sy

stem analysis process

The purpose of the system analysis process is to provide a rigorous bas|fis
of data and information for technical understanding to aid decision-
making across the life cycle.

3

plementation process

The purpose of the implementation process is to realize a specified
system element.

5

egration process

The purpose of the integration process is to synthesize a set of system
elements into a realiZzed system (product or service) that satisfies syste
requirements, architecture, and design.

=]

V¢

rification process

The purpose of.the verification process is to provide objective evidence
that a system-~0F system element fulfils its specified requirements and
characteristics.

Tn

Ansition process

The purpose of the transition process is to establish a capability for a
systeém to provide services specified by stakeholder requirements in the
operational environment.

VC

lidation process

The purpose of the validation process is to provide objective evidence
that the system, when in use, fulfils its business or mission objectives and
stakeholder requirements, achieving its intended use in its intended
operational environment.

eration process

The purpose of the operation process is to use the system to deliver its
services.

hintenance process

The purpose of the maintenance process is to sustain the capability of the
system to provide a service.

Di

sposal process

The purpose of the disposal process is to end the existence of a system
element or system for a specified intended use, appropriately handle
replaced or retired elements, and to properly attend to identified critical
disposal needs (e.g., in accordance with an agreement, in accordance
with organizational policy, or for environmental, legal, safety. security

aspects).

12 Block "Relevance to SM"

12

.1 Composition

Table 31 describes the composition of the block "Relevance to SM".
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Table 31 — Composition of the block "Relevance to SM"

Characteristic data type,

; Qualifier
possible values and example

Block Sub-block Characteristic

Relevance to

SM

Enumeration: None, Low,
Medium, High

Committee
mandatory

Relevance level

Motivation String

characteristic

12.

2 Qualifier

Th

12
Th

manufacturing.

An

manufacturing” that may help for valuing this characteristic.

Its

Ta

b characteristics of the block "Relevance to SM" are committee mandatory.

3 Characteristic "Relevance level”

e "Relevance level" characteristic evaluates the relevance of the standard to sm

nex A provides some definitions on the current understanding “of the term "sm

data type is enumeration.
ble 32 describes the possible values of the characteristic "Relevance level".

Table 32 — Possible values/of-"Relevance level”

a

a

rt

rt

Possible values Explanation

ne The standard has/mo-relevance to smart manufacturing concepts.

Lg

w The standard has low relevance to smart manufacturing concepts.

It adds nonew capabilities beyond those of existing manufacturing processe
but does provide foundational capabilities for manufacturing in general.

bdium The standard has medium relevance to smart manufacturing concepts.

[t.adds new capabilities but those capabilities provide only incremental
improvement in manufacturing processes.

Hi

gh The standard has high relevance to smart manufacturing concepts.

It adds capabilities essential to smart manufacturing.

12
Th

4 Characteristic "Motivation"

e "Mofivation" characteristic is a textual justification of the value of the characterig

"Rflevance level". It identifies the context for which the motivation applies.

—

Its

13

13.

data type is string.

Block "Validation"

1 Composition

Table 33 describes the composition of the block "Validation".

ic
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Table 33 — Composition of the block "Validation”

Block Sub-block Characteristic Characteristic data type, Qualifier
possible values and example
Responsible person String
Checked Boolean
S Administrative
Validation Check date Date (yyyy-mm-dd) characteristic
Warning Boolean
Comment String
13]2 Qualifier
The characteristics of the block "Validation" are administrative.
13{3 Characteristics specification
The block "Validation" is intended for the management of the SM2 _Catalogue. It enabjes
idegntification of who is in charge of editing an entry. It is composed of the followjng

ch

Ad

management of the catalogue by the standards map organization.

racteristics:

"Responsible person" (name and possibly company or SRO);

"Checked" (indicates whether it is an assignment or if:the editing is already done);
"Check date" (indicates when the editing or the assignment was done);

"Warning" (indicates that someone detected a{possible issue);

"Comment" (explains the issue).

ministrative characteristics: The characteristic value of the block "Validation" is used for

he
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Annex A
(informative)

Compilation of definitions of smart manufacturing

A.1  Objective

Annex A is a compilation of definitions and descriptions about smart manufacturing that are
currently available from committees in ISO and IEC

It gims at supporting the TC/SC officers who are invited to provide characterization data,onh the
standards owned by their committee.

NOJE 1 The references to [IEC/TC 65/JWG 21 joint with ISO/TC 184; Smart Manufacturing “‘Reference Magdel
(SMRM)] are picked from different revisions of that document still currently under development:

NOJTE 2 The global economy is undergoing a profound transformation that impacts the mhote of society. This is|the
"Nejw Economy" described in [27]: an economy of experiences where companies can taketadvantage of breakthropgh
opplortunities and reinvent the way they are doing business.

A.2 Definition
[SOURCE: IEC/SyCSM; SyCSM/6/DL]

IE¢ SyC SM (Systems Committee Smart Manufacturing of IEC) and ISO/SMCC (Smart
Manufacturing Coordination Committee of 1SO) ‘endorsed the following definition of Smart
Manufacturing.

Snmjart Manufacturing
Manufacturing that improves its performarice aspects with integrated and intelligent use| of
prgcesses and resources in cyber, physical and human spheres to create and deliver products
andgl services, which also collaborates'with other domains within enterprises' value chains.

NOJTE 1 Performance aspects include-agility, efficiency, safety, security, sustainability or any other performance
indicators identified by the enterprise.

NOTE 2 In addition to manufacturing, other enterprise domains can include engineering, logistics, marketjng,
progurement, sales or any,other domains identified by the enterprise.

A.3 Complements to the definition

[SOURCE(TEC/TC 65/JWG 21 joint with ISO/TC 184; Smart Manufacturing Reference Mogdel
(SMRM)]

In JWG 21, the above definition was discussed from the viewpoint of JWG 21, and the following
interpretation was proposed:

"Manufacturing approach that improves its performance and technological aspects with the
integrated use of intelligent decision making, processes, operations and resources enabled by
emerging information technology in cyber, human and physical spheres to create and deliver
sustainable products and services systems, which also collaborates with other domains within
and among multiple enterprises' value chains.

NOTE 1 Performance aspects include agility, efficiency, safety, security, sustainability or any other performance
indicators identified by the enterprise.

NOTE 2 In addition to manufacturing, other enterprise domains can include engineering, logistics, marketing,
procurement, sales or any other domains identified by the enterprise."
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A simplified mechanism for smart manufacturing was drafted with an eye towards clarifying the
scope of JWG 21. The interpretation is the following:

"Smart manufacturing is extending manufacturing. It is characterized by independent actors
sharing standardized information. The actors can pro-actively and re-actively act upon the
information. The actors collaborate dynamically in network structures. This collaboration occurs
among and within life cycles, on both strategic and operational levels, providing added value
for organizations. The scope is to develop a reference architecture for smart manufacturing.

NOTE Examples of actors are companies, products, assets, processes and parts."

As|another characterization of the mechanism for smart manufacturing, a new interpretatjon
wap drafted as:

"Se¢t of methodologies and technologies for making goods and providing ¢services Wwith
manufacturing systems that are designed with learning capability and operated based |on
prdduct/service requirements so that it can respond in real time to meet chahging demands
andl conditions in the factory, in the supply network and in customer needs, and can imprgve
itself continuously.

This is obtained by the intensive use of digital technology (includiftg-1oT) to integrate produgts,
prdgduction systems and business activities through their life~gycles and value chains, gnd
increasing decentralized decision making."

A.4 Vision

[SOURCE: ISO SAG Industry4.0/SM, Final report to TMB, Clause 2. The vision of Smart
Manufacturing, September 2016]

Smart manufacturing leads to the emergence of agile, real-time optimized, self-organizjng
value chains, which are highly adaptive to fast changing socio-technical environments. This
dymamic requires an appropriate standardized interface and harmonized business processgs.
This vision of smart manufacturing)is characterized by:

¢ |Enhanced product flexibility:

It will be possible to incerporate individual customer and product specific features into the
design, configuration,” ordering, planning, production, operation and recycling phasgs.
One-off items (lot'size 1 in mass production) and very small quantities of products, serviges
and processes will become possible, also supported by new production methods, such|as
3D printing, Artificial Intelligence and mobile robots.

o [New partiierships:

A newlevel of socio-technical interaction will take place between all the actors and
resources involved in design, manufacturing and operation, with networks of manufacturjng
resources that are autonomous and capable of controlling themselves in _response| to
different situations. Smart factories will be embedded into inter-company value networks
for both the manufacturing process and the manufactured product, achieving seamless
convergence of the digital and physical worlds.

e New intrinsic built-in product properties:

The smart products in smart manufacturing are uniquely identifiable in their respective
contexts and may, in these contexts, be located at all times. Finished goods know the
parameters within which they can function optimally and are able to recognize signs of wear
and tear. Some of them may also communicate with other entities. Explicit agreements on
clear policies on what to communicate to whom, and when, are needed.
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Flexible work organization:

Workers are capable of controlling, regulating and configuring smart manufacturing
resource networks and manufacturing steps with greater compatibility between their work
and their personal needs.

Fast, functionally safe, available communication networks:

Robust, secure communication infrastructure assures safety, privacy, self-configuration and
ease of use.

Scalable, distributed manufacturing:

A
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fast delivery of individual goods, and makes attractive manufacturing closer to industfial
markets.

Environmental sustainability:

Less energy and materials use through improved and precise management;-logistics gnd
manufacturing, aiming for manufacturing and maintenance that produce no waste|or
pollution while resilient to constantly changing situations.

Servitization:

Manufacturing capacity results from supplier-based integration of physical products gnd
value adding services often provided in real-time.

DURCE: IEC/TC 65/JWG 21 joint with ISO/TC 184;¢(Smart Manufacturing Reference Model
IRM)]

e main changes of smart manufacturing from“the conventional manufacturing can be lisfed

New value creation:
— Service orientation in the waysmanufacturing occurs and products are utilized.
Automation innovation:

— Product embedded ina’ system as a part of the automation solution — Smart work{in-
process can have built in tracking and diagnostics capabilities that are utilized by the
manufacturing eperation and during the product use phases;

— Elimination_o6f )offline engineering in favour of online configuration by technologically
advanced devices capable of computational work and autonomous decision-making at
the point.of value creation.

Higher interoperability:
— (nteroperability facilitated by system(s) characterized by their standardized capabilities;

=~ WVertical interoperability (integration, federation, ...) — New aspects include passjve

objects/assets, products communicating  with —_equipment, internet _and _cfoud
technologies;

— Horizontal interoperability (integration, federation, ...) (Logistics, Conceptualization,
Design, Procurement, Construction, Commission Production, Development, ...);

NOTE It may be better to combine the two bullets above. The intention is that products and systems "communicate".
This is more than just interoperability — it is the interaction up/down in the manufacturing operations, and the real-
time interaction in the supply chain.

— Interaction and cooperation across and between all life cycles — from internal value
chains to value network partners;

— Technical solution for legal issues e.g., negotiations between two machines, data
privacy, etc.

Comprehensive digitalization:
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— Thorough digitalization of manufacturing processes based on comprehens
Information Communication Technology (ICT) infra-structure;

— Coexistence of real things and their Digital Twin.

Information and knowledge intensive:

ive

— Data, Information and Knowledge exchange inside and outside of manufacturing entities

and between operating technology and information technology become ubiquitous;

— New communication - Each object/asset can communicate with surrounding
object/asset in scope;
Ne hy aca maodalc r\r:n:nﬂ 'Fr'nm data At Aanalutico 1o AN~ Ao~ hnl- tha iS
I‘UVV UUQIIIUO\J mrouevITo Adrtoitt 3 muriT udatltda =ald ullulyuuu o UITw U\J'.JUUI.- Aalda uaria
portable (not constrained within a particular thing) enables more flexible applicatiops,

such as digital twinning and simulation.
Computation intensive:

— Impact of high speed real time processes and effect on integration of<gyber-physi
systems (CPS).

Human centric:

— Self-improvement adaptive decision support systems interactihg*with humans — So
decision support systems rely upon human-the-loop for final' decision;

— Refined roles of employees in manufacturing enterprisesy’contributing to high va
work.

b changes lead to:

Individualization (up to lot size 1 in mass production) of products, services and process
Networking of systems, which results in highly complicated structures and CPS;

Value creation through new business modéls and subsequent services;

Evolution of safety, security, organization, processes and work design;

Impact on human productivity and innovation cycles.

h

5 New technologies for'smart manufacturing

DURCE: IEC/TC 65/JWG 21 joint with ISO/TC 184; Smart Manufacturing Reference Mo
IRM)]

w technologies-like 3D printing and artificial intelligence have created a paradigm shiff
nufacturing and-revealed a new world of making. New technologies for smart manufactur,
Id be categorized into fundamental concepts, factory related technologies, enabl
hnologies,"communications, marketing and applications. These technologies include:

Fundamental Concepts

cal

me

ue

del

in
ng
ng

—\YDigital twin: Digital twin refers to a digital replica of physical assets (physical tw

n),

processes and systems that can be used for various purposes [Minds + Machines: Meet

A Digital Twin. YouTube. GE Digital. Retrieved 26 July 2017]. The digital representati
provides both the elements and the dynamics of how an Internet of Things dev
operates and lives throughout its life cycle.

ion
ice

— Digital thread: Digital thread is a communication framework that connects traditionally

separated elements in manufacturing processes and provides an integrated view of
asset throughout the manufacturing life cycle.

— Cyber-physical system: A cyber-physical system (CPS) is a mechanism that

an

is

controlled or monitored by computer-based algorithms, tightly integrated with the

Internet and its users. In cyber-physical systems, physical and software compone

nts

are deeply intertwined, each operating on different spatial and temporal scales,
exhibiting multiple and distinct behavioural modalities, and interacting with each other

in a myriad of ways that change with context.


https://iecnorm.com/api/?name=817d9d2046aa6e82c8d6d80faf991126

- 58 - ISO/IEC TR 63306-1:2020
© ISO/IEC 2020

Factory related

Digital factory: A digital factory uses digital technology to model, communicate and to
operate the manufacturing process. This arrangement of technology allows managers
to configure, model, simulate, assess and evaluate items, procedures and system
before the factory is constructed. The digital factory gives answers for configuration,
design, screen and control of a production system.

MEMS: Microelectromechanical systems (MEMS, also written as micro-electro-
mechanical, MicroElectroMechanical or microelectronic and microelectromechanical
systems and the related micromechatronics) is the technology of microscopic devices,
particularly those with moving parts. It merges at the nano-scale into

nanoelectromechanical systems (NEMS) and nanotechnology. They usually consis{ of
a central unit that processes data (the microprocessor) and several components that
interact with the surroundings such as microsensors.

Human-machine interaction: a discipline concerned with the design, evaluation gnd
implementation of interactive computing systems for human use and with’the study| of
major phenomena surrounding them.

Advanced Robotics: advanced robots, also known as smart ‘machines, operate
autonomously and can communicate directly with manufacturing systems. By evaluatjng
sensory input and distinguishing between different product’ configurations, these
machines are able to solve problems and make decisions independent of people. Thegse
robots are able to complete work beyond what they were.initially programmed to do gnd
have artificial intelligence that allows them to learn from-experience [On the Journe) to
a Smart Manufacturing Revolution. www.industryweek.com. Retrieved 2016-02-17].
These machines have the flexibility to be reconfigured and re-purposed. This gives them
the ability to respond rapidly to design changes’and innovation, which is a competitjve
advantage over more traditional manufacturing processes [NIST, US Department| of
Commerce, Robotic Systems for Smart Manufacturing. www.nist.gov. Retrieved 20( 6-
03-04]. An area of concern surrounding-advanced robotics is the safety and well-bejng
of the human workers who interact with robotic systems. Traditionally, measures have
been taken to segregate robots from the human workforce, but advances in robgtic
cognitive ability have opened up opportunities, such as cobots, for robots to wprk
collaboratively with people.

Additive manufacturing: is~yany of various processes in which material is joined|or
solidified under computer*control to create a three-dimensional object, with matefial
being added together.(such as liquid molecules or powder grains being fused togethegr).

Mass customizations Mass customization is the use of flexible computer-aided
manufacturing_systems to produce custom output. Such systems combine the low ynit
costs of mass production processes with the flexibility of individual customization.

Predictive maintenance: Predictive maintenance has the following meanings: the care
and sefvicing by personnel for the purpose of maintaining equipment in satisfactpry
operating condition by providing for systematic inspection, detection, and correction of
incipient failures either before they occur or before they develop into major defects; the
work carried out on equipment in order to avoid its breakdown or malfunction. It i$ a
regular and routine action taken on equipment in order to prevent its breakdown.

Maoiat H Ll 4 4+ 4+ P~ H 4 4 4 | £ d
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cleaning, performed specifically to prevent faults from occurring.

Enabling technologies:

Edge computing: Edge computing is a method of optimizing cloud computing systems
by taking the control of computing applications, data, and services away from some
central nodes (the "core") to the other logical extreme (the "edge") of the Internet which
makes contact with the physical world.

Artificial intelligence: The traditional problems (or goals) of Al research include
reasoning, knowledge representation, planning, learning, natural language processing,
perception and the ability to move and manipulate objects. General intelligence is
among the field's long-term goals. Approaches include statistical methods,
computational intelligence, and traditional symbolic Al. Many tools are used in Al,
including versions of search and mathematical optimization, artificial neural networks,
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and methods based on statistics, probability and economics. Latest research interests
of Al include deep learning, reinforcement learning, etc.

Big data: Big data is data sets that are so big and complex that traditional data-
processing application software are inadequate to deal with them. Big data challenges
include capturing data, data storage, data analysis, search, sharing, transfer,
visualization, querying, updating, information privacy and data source.

Cloud computing: Cloud computing is an information technology (IT) paradigm that
enables ubiquitous access to shared pools of configurable system resources and higher-
level services that can be rapidly provisioned with minimal management effort, often
over the Internet.

e [Communication

o |Marketing

AR/VR: Augmented Reality (AR) is an interactive experience of a realswgrld
environment whose elements are "augmented" by computer-generated perceptual
information, sometimes across multiple sensory modalities, including visual, auditdry,
haptic, somatosensory, and olfactory. Virtual reality (VR) is an interactive ‘computer-
generated experience taking place within a simulated environment, that-incorporates
mainly auditory and visual, but also other types of sensory feedback ‘like haptic. This
immersive environment can be similar to the real world or it can be(fantastical, creatjng
an experience that is not possible in ordinary physical reality.

5G: 5G is the term used to describe the next-generation ofdnobile networks beyond the
4G LTE mobile networks of today. 5G brings three new‘aspects to the table: gregter
speed (to move more data), lower latency (to be more responsive), and the ability to
connect a lot more devices at once (for sensors and smart devices).

TSN: Time-Sensitive Networking (TSN) is a sef,of standards under development by the
Time-Sensitive Networking task group of theJ;JEEE 802.1 working group. The three basic
components of TSN are: (1) time synchronization — all devices that are participating in
real-time communication need to have @ eommon understanding of time; (2) scheduljng
and traffic shaping — all devices that are participating in real-time communication adhere
to the same rules in processing and(ferwarding communication packets; (3) selection of
communication paths, path reservations and fault-tolerance — all devices that are
participating in real-time cemmunication adhere to the same rules in selectjng
communication paths and in‘reserving bandwidth and time slots, possibly utilizing more
than one simultaneous path’to achieve fault-tolerance.

NB-loT: Narrowband-I6T (NB-10T) is a Low Power Wide Area Network (LPWAN) rafio
technology standard developed by 3GPP to enable a wide range of cellular devices gnd
services. NB-loT focuses specifically on indoor coverage, low cost, long battery life, gnd
high connection\density.

Business\“intelligence: Business intelligence (BI) comprises the strategies gnd
technologies used by enterprises for the data analysis of business information. In [Minds
+_Machines: Meet A Digital Twin. YouTube. GE Digital. Retrieved 26 July 2017]|BI
technologies provide historical, current and predictive views of business operatiops.
Common functions of business intelligence technologies include reporting, onljne

analytical—processing—analytics—data—minirg—process complex—event
processing, business performance management, benchmarking, text mining, predictive
analytics and prescriptive analytics.

mininea
TGS
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Annex B
(informative)

Life cycles

B.1 General

Annex B gives additional information on the concept described in the main body text and

pre

sents legacy life cycles

B.

Th

P Product life cycle

b product is the result of the manufacturing process. It can become a ecaomponent o

manufacturing system or be consumed.

Th

Ea

b differentiation between product types and product instances is fundamental.

ch product instance is an instantiation of a product type. The product type is an abstr|

conmcept generally defined in a catalogue where it is linked to different standardized attribut

A

Th
pra

roduct type can refer to:

a part of a product as well as a final product: for-instance, a spare part of a product ha
product type, whereas the final product has alsonits specific product type. A link needs
be established to indicate the relation betweéen both products.

a product type can also refer to the standardized grouping of one or more product typ
For instance, a manufactured part may-bé available on the market on different packag
depending on the quantity.

b product instance is concrete, manufactured and shipped to the customer. It can be a fi
duct or a part of the final product, as well as a grouping of final products. A link can

esfablished to indicate the relation between both instances.

[o]

Th
de

ntification of product type and product instance is crucial.

b product type life\cycle can be described with different granularities. Figure B.1 show
composition into four or five phases:

marketing/which can be split into market analysis and marketing requirements;
development;

sales;

act

14
Q

ng

hal
be

"2
V)

Market Marketing

. . Development
analysis requirements

Marketing Development

Figure B.1 — Product type life cycle

IEC
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nerally a product type evolves over time, as shown in Figure B.2.

Harketne > Developmen—

Producttype XXX

Ve

rsion 1

Dif]
of

Aft
ne
de

Th
the

Marketing > Dev.
Z

Producttype XXX
Version 2

Marketing > Development

Product type XXX

Version 3 &

Figure B.2 — Versions of a product Q@;

ferent versions of a product type may be marketed by a@nufacturer over the same per
ime possibly in different region of the world because @ogistics constraints.

er a certain period of time the product type is @@ced by a new range corresponding t

v generation benefiting from new technolox‘|
elopment team or meeting new regulatory;@g irements for economic or societal purpos

%]
b product type has a life cycle becaus&%e feedback of previous version(s) is the basis
improvement of the following one &slée Figure B.3).
N>

s .=>, o

Pr
Ve

ducttype XXX
[sion 1

Marketing > Dev.

Product type XXX

IEC

od

D a

or a better mastery of the manufacturer

eS.

of

O Version 2
é
& R’

Product type XXX
Version 3

Figure B.3 — Product type improvement

AN
e > Developllna_

IEC

The product instance has a life time, not cycle, because it goes from birth to death. The product
instance life cycle can be described with different granularities. Figure B.4 show
decomposition into four phases:

manufacturing;

transport and stock;

a
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use;
disposal.

Manufacturing

IEC

Figure B.4 — Product instance life time

Th

life time of a product instance and the life cycle of its product type are Iinked

manufacturing phase (see Figure B.5). Generally, the life time of a product instanc

thg end of its product type life cycle. In some cases, the customer gets the insur hat
manufacturer will guarantee the product maintenance for a contractual period o &e

ind

B.3

(nucl
ustry for example).

Product type @@ @ @ @ @ «Q‘
B
Development —» - |

Manufacturing
Maintenance

Product instance

Time in use
Disposal ; Piil o
Warranty period ; . s\ P
. “Standard service” | | ki —
Service through individual P g\?‘ : L
service agreements i $ P P i
4‘\‘0 — :

@ Sales releas Product manufactured

@ Delivery ré‘é Start of warranty period for the customer

@
se ©
& End of product sales < Start of timein use
® E roduction <&@ End of warranty period
®
®

E f service sales End of time in use (decommissioning)

®._ Product abandonment End of life time (end of disposal)
IEC

O

@, Figure B.5 — Product instance and product type

P. Q.lction system life cycle

Th

e«f)duction system is composed of production assets. These production assets

he
eeds
he
bar

N4

are

products from the component manufacturer point of view.

The production system life cycle can be described with different granularities. Figure B.6 shows
a decomposition into ten phases:

identification;
concept;
requirements;
design;
procurement;

construction;
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commissioning;

operation and maintenance in parallel with refurbishment;
decommissioning;

disposal.

I(.‘q 7, iO,,

9

5 &
& & s
5‘ $

"9[7”"_

Figure B.6 — Production system life cycle

grator (see Figure B.7).

]
|
User =YSer Machine { | |
1 H 2 et 3
integrator buildar Component
manufacturer
4 N\
5 N
| |
Component

| distributor

IEC

Figure B.7 — The user and the external actors

se actors, especially between the system integrator and the user (see Figure B.8), wh
kes it difficultito’perform an efficient asset management.

gecond.issue is the lack of interoperability of the digital system representation provided
g system integrator and the tools used by the user's maintenance team.

IEC

by
ich

by

System
integrator

User

Figure B.8 — From the design to maintenance
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The product type life cycles are getting shorter because the component manufacturer needs to

be
ma

competitive. The manufacturing system owner wants to extend the life time of its
nufacturing system. This may lead to problems when a component needs to be replaced

and no instance of its product type is available on the market anymore (see Figure B.9).

System

Procurement

| Component failure |

C(

Cd

Cq

The

prd
Se

mponent 2
mponent n >
\\@C) IEC
Figure B.9 — Spare component di@ntinued
‘\
.4 Supply chain life cycle

mponent 1 >

oPlan

b\
\b IEC
'\\U

Q‘ . Figure B.10 — Supply chain life cycle

product sup hain life cycle (see Figure B.10) encompasses all product flows and
duct information relating to these flows at all levels of the product life cycle management.
veral sup@. ains need to be taken into account:

Sup C%ain of the production system.
N eam supply chain: product flows that are consumed by the manufacturing process

Manufacturimg suppty chain: ftows of Tesources (primary goods, sSpare parts, machine,
robots, human) within the manufacturing area (or during the manufacturing process).

Downstream supply-chain: manufactured goods supply chain, from the plant to the
consumer (B2B or B2C), through different intermediaries.

The whole supply chain: all of the previous supply chains.

The digitization of industrial activities implies that physical products, from their conception and
design stage onward, are digitally represented, identified and actionable (The digital product
needs the connection with the physical product and vice-versa). These representations and

ide
for

ntifications apply to product types and instances during the product life cycle and are crucial
supply chain optimization. Instances are more commonly used from the operation stage

onward.
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Identification of product types is a key for all stakeholders across the supply chain to access
or share generic information (for instance through catalogues and data pools) pertaining to the
specifications of a product: in the supply chain context, this information will be used to find
similar or compatible products to replace a missing one, identifying spare parts, ordering a
specific product, managing stocks and inventories, optimizing deliveries according to the
product specifications (size, weight, etc.), identifying counterfeited products, managing product
removal on the market, etc. Robots also need generic information on products in order to
handle them correctly (size, weight, solidity, etc.). Final consumers may want to have access

to these data when trying to sell them on second-hand markets.

aforn v

roduct traceability, motivated

pply chain to ensure p

by secur

vegen
ity| or

opfimization purposes: allowing targeted product recalls, personalized praductipn,

intenance optimization, product authentication, stock and delivery mutualjzation and

opiimization. The product traceability chain is ensured via the publication and ‘sharing| of

indicates that someone detected a possible mistake.

B.5 Characteristic "RAMI4.0 Life cycle"

B.5.1 Description

The characteristic "RAMI4.0 Life cycle" is used to describe @n“asset at a particular point in time
during its lifetime, from its production and value-added use right up to its disposal. [SOURCE:

IEC PAS 63088:2017 [15]]

With this characteristic, the asset is characterized by its state at a particular time at a particdla

r

locgtion. Industry 4.0 offers great potential, for' improvement throughout the life cycle| of

prdducts, machines, factories, etc.

IEC 62890:2020 [16] is a reference for consideration of the life cycle. The fundamental

distinction between type and instancgelds of central importance in those considerations.

B.%.2 Possible values

Taple B.1 describes the possible values of the characteristic "RAMI4.0 Life cycle".

Table B.1 — Possible values of "RAMI4.0 Life cycle”

Possible values Explanation

type_development Type: A type is always created with the initial idea, i.e., as a product comes
into being in the development phase. This covers the placing of design
orders, development and testing up to the first sample and prototype
production. The type of the product, machine, etc. is thus created in this
phase. On conclusion of all tests and validation, the type is released for
series production

type_maintenance/usage

instance_production Instance: Products are manufactured industrially on the basis of the general
type. Each manufactured product then represents an instance of that type,
and, for example, has a unique serial number. The instances are sold and
delivered to customers. For the customer, the products are initially once again
only types. They become instances when they are installed in a particular
system. The change from type to instance may be repeated several times.

instance_maintenance/usage

Improvements reported back to the manufacturer of a product from the sales
phase can lead to an amendment of the type documents. The newly created
type can then be used to manufacture new instances. Similarly, to each
individual instance, then, the type is also subject to use and updating.
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B.6 Characteristic "IMSA Life cycle"

B.6.1 Description

Life cycle means a series of mutually connected value creation activities of the stages from the
product prototype research and development to product recycling and remanufacturing,
including design, production, logistics, sales and service. lterative optimization can be
conducted for the life cycle activities with the characteristics such as sustainable development,
and the life cycle components of different industries are different.

B.6.2 Possible values

Taple B.2 describes the possible values of the characteristic "IMSA Life cycle".

Table B.2 — Possible values of "IMSA Life cycle”

Possible values Explanation

Dgsign Design refers to the process in which the constructiof}_simulation, verification
optimization and other research and development.activities are conducted on
the demands in accordance with all the constraint conditions of and the
technology selected by the enterprise.

Prioduction Production refers to the process in which/the order-required product is creatgd
given the human, equipment, materials-and’other resources.

Ldgistics Logistics refers to the process fromfthe*goods supplied to their destinations.

Sales Sales refers to the business actiyity’in which the products or commodities arg

transferred from the enterprigé\toe the clients.

S¢rvice Service refers to the process and its corresponding result of a series of
activities generated in the'mutual process between the provider and the
clients, including recygeling.
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Annex C
(informative)

Hierarchies

Annex C presents legacy hierarchies.

C.2 Characteristic "Equipment hierarchy” of IEC 62264-1 and IEC 61512-1

C.21 Description

The characteristic "Equipment hierarchy" defines which level in the role-based equipm
higrarchy of the enterprise (as defined in IEC 62264-1:2013 [1] (ISA 95)).the standard de

with.

It i$ supplemented by lower levels defined in IEC 61512-1:1997 [13] (ISA 88).

C.2.2 Possible values

Taple C.1 describes the possible values of "Equipment hierarchy".

Table C.1 — Possible values of{'‘Equipment hierarchy"

BNt
als

Possible values

Explanation

Enterprise e Definition
one or more organizations sharing a definite mission, goals and objectives
which provides an output such as a product or service
[SOURCE®IEC 62264-1:2013 [1], 3.1.10]

Sife e _Definition
identified physical, geographical, and/or logical component grouping of a
manufacturing
[SOURCE: IEC 62264-1:2013 [1], 3.1.39]

Area e Definition

physical, geographical or logical grouping of resources determined by the sit

[SOURCE: IEC 62264-1:2013 [1], 3.1.2]

D

Wprk center

e Definition

equipment element under an area hierarchy that performs production, storag
material movement

4

[SOURCE: IEC 62264-1:2013 [1], 3.1.44, modified]

This generic term is more often used in batch production as "process cell”, in
continuous production as "production unit", in discrete production as
"production line" and in storage or movement as "storage zone".

Work unit

e Definition

equipment element under a work center in a role-based equipment hierarchy
that performs production, storage, material movement

[SOURCE: IEC 62264-1:2013 [1], 3.1.45, modified]

This generic term is more often used in batch and continuous production as
"unit", in discrete production as "work cell" and in storage or movement as
"storage unit".

Equipment module

e Definition
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Possible values Explanation

minor processing activities.

NOTES

A functional group of equipment that can carry out a finite number of specific

1 An equipment module is typically centered around a piece of process
equipment (a weigh tank, a process heater, a scrubber, etc.). This term
applies to both the physical equipment and the equipment entity.

2 Examples of minor process activities are dosing and weighing.

Control module e Definition

out basic control.

entity.
[SOURCE: IEC 61512-1:1997 [13], 3.10]

The lowest level grouping of equipment in the physical model that can) carry

NOTE This term applies to both the physical equipment and\the equipmgnt

C.3 Characteristic "Functional hierarchy" of IEC 622641

C.31 Description

The characteristic "Functional hierarchy" defines which level in the functional hierarchy of the

enferprise (as defined in IEC 62264-1:2013 [1] (ISA'95)) the standard deals with.

C.3.2 Possible values

Taple C.2 describes the possible values of\"Functional hierarchy".

Table C.2 — Possible values of "Functional hierarchy”

Possible values Explanation

Business (L4) Business planning, operation and logistics

Level 4

manufacturing organization
[SOURCE: IEC 62264-1:2013 [1], 3.1.16]

etc.
[SOURCE: IEC 62264-1:2013 [1], Figure 3]

functions involved in the business-related activities needed to manage a

Establishing and executing the basic plant schedule for production, material
use, delivery, shipping, determining inventory levels, operational management,

Operations management (L3) Operations management

manufacturing operations management

MOM

[SOURCE: IEC 62264-1:2013 [1], 3.1.22]
Level 3

products
[SOURCE: IEC 62264-1:2013 [1], 3.1.17]

[SOURCE: IEC 62264-1:2013 [1], Figure 3]

activities within Level 3 of a manufacturing facility that coordinate the
personnel, equipment and material in manufacturing

functions involved in managing the work flows to produce the desired end-

Work flow / recipe control to produce the desired end products. Maintaining
records and optimizing the production process, dispatching production,
detailed production scheduling, reliability assurance, etc.

Control (L2) Level 2

[SOURCE: IEC 62264-1:2013 [1], 3.1.17]

functions involved in monitoring and controlling of the physical process
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Monitoring, supervisory control and automated control of the production
process
[SOURCE: IEC 62264-1:2013 [1], Figure 3]

Sensors and actuators (L1) Level 1
functions involved in sensing and manipulating the physical process
[SOURCE: IEC 62264-1:2013 [1], 3.1.18]

Process (LO) Level O
actual physical process [SOURCE: IEC 62264-1:2013 [1], 3.1.19]

C. Characteristic "SGAM Zones"

C.4.1 Description

The zones represent the hierarchical levels of manufacturing management. These zones reflpct

a Hierarchical model which considers the concept of aggregation and functional separatior] in

manufacturing management. The basic idea of this hierarchical model.is laid down in the

Pufdue Reference Model for computer-integrated manufacturing “which was adopted |by

IEC 62264-1 for enterprise-control system integration.

The concept of aggregation considers multiple aspects in power system management:

o |Data aggregation: data from the field zone is usually aggregated or concentrated in the
station zone in order to reduce the amount of data.to be communicated and processed in
the operation zone.

e |Spatial aggregation: from distinct location toswider area.

In addition to aggregation, the partitioning in zones follows the concept of functional separatipn.

Dif
the
typ

C.4
Ta

specific nature of functions, but alsoiconsidering user philosophies. Real-time functions
ically in the field and station zones{sensing, metering, protection, etc.).

.2 Possible values

ble C.3 describes the possible values of "SGAM Zones".

Table C.3 — Possible values of "SGAM Zones"

Ferent functions are assigned to specific.zones. The reason for this assignment is typically

are

Possible values Explanation

Market Reflecting the horizontal market operations in value added networks.

Enterprise Includes commercial and organizational processes, services and
infrastructures for enterprises, e.g., asset management, logistics, work force
management, staff training, customer relation management, billing and
procurement, etc.

Operation The SGAM definition of "operation” is specific to the electrical energy supply
and power systems management.

Station Representing the areal aggregation level for field level, e.g., control, data
concentration, functional aggregation, local SCADA systems, plant supervision
etc.

Field Equipment to protect, control and monitor the process.

Process The physical, chemical or spatial transformations of energy, raw material and
pieces to final products and the physical equipment directly involved.
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C.5 Characteristic "RAMI4.0 Hierarchy levels"

C.5.1 Description

The characteristic "RAMI4.0 Hierarchy levels" is based on the reference architecture model for
a factory along the lines of IEC 62264-1:2013 [1] and IEC 61512-1:1997 [13], the standards for
integrating enterprise IT and control systems. To ensure a consistent consideration across as
many sectors as possible from factory automation to the process industry, the terms
"enterprise", "work centres", "station" and "control device" have been taken from the above-
mentioned standards (see Figure C.1).

| | Enhancement industrie 4.0 |:| "
e O —
| o] DIN EN 62264-1:2013, Enterprise-control system integration — I:] !
I Part1: Models and terminology 1 "
I o] DIN EN 64512-1:1999 Batch control — l S'n'e ] i
| Part1: Models and terminolngy ————— |
: | ISA Draft 88/95 Technical report . { !
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Figure C.1 — RAMI4.0 Hierarchy
C.5.2 Possible-values
Taple C.4 desgribes the possible values of "RAMI4.0 Hierarchy levels".
Table C.4 — Possible values of "RAMI4.0 Hierarchy level”
Possible values Explanation
Connected world "Connected world" describes the relationship between an asset or combination
of assets (such as an installation or company) and another asset or
combination of assets (another installation or company), in other words, for
example, a network of factories.
Enterprise Corresponds to the definition of "enterprise" of IEC 62264-1:2013 [1], 3.1.10
(see Table C.1)
Work centers Corresponds to the definition of "work center" of IEC 62264-1:2013 [1], 3.1.44
(see Table C.1)
Station Corresponds to the definition of "equipment module" of IEC 61512-1:1997 [13],
3.16 (see Table C.1)
Control device Corresponds to the definition of "control module" of IEC 61512-1:1997 [13],
3.10 (see Table C.1)
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