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Foreword

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

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

Convergence of informatization and industrialization (CII) refers to a process thatintegrates information
technology into industrial production. The purpose of convergence is to improve productivity and
resource allocation by digital transformation.

This improvement consists of:

— increasing the integration of production and resource allocation (internally and with each other);

nraduction o d oo oo o Haocaotian aora dugpm oo o d vwncpm o ciun +0 avtaren ol

The
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lllul\llls PTrotaCtoTT ot T C oo UT CCamotTa IO ToT C O y tratica it T S POUTISTV CtOCATCT IO ©F

optimizing production and resource allocation.

purposes of this document include is to provide industrial enterprises guidancefor:
assessing the current situation of CII;

finding weakness within the CII;

identifying ways to improve CII.

intended users of this document can be grouped into the following categories:

independent third-party, e.g. a consulting company or government department, that a
maturity of CII;

organization in charge of production managemernt department, quality management d
inventory management department, etc., which.sponsors an assessment of itself or a s
organization;

any other enterprises who have interest.in digital transformation.

€hanges;

bsesses the

bpartment,
ibordinate
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Automation systems and integration — Assessment on
convergence of informatization and industrialization for
industrial enterprises —

Part 1:
Frameworkand reference model

Thi
infd

The

For

ISO

Scope

5 document defines the basic principles for an assessment concerning the conv
rmatization and industrialization (CII) in industrial enterprises, includingthe following

assessment framework definitions;
assessment reference model definitions;

assessment reference model components.

Normative references

re are no normative references in this document:

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and IEC maintain terminological databases for use in standardization at the following ad

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

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

ustrialization
Cedure of inckeasing productivity using sequential task allocation to automated or semi-
hods, or¢o individuals

3.3

communication technologies

brgence of

dresses:

automated

rmatization
~duTe O OTTOT o

convergence of informatization and industrialization

CII

uting and

integrating information technology into industrial production, which promotes the development
of industry towards a higher value-added direction through wide application of information and
restructuring of traditional industry

3.4

domain application
application of information technology in a single business activity that has a well-defined and
identifiable boundary of responsibility and authority for subordinate activities

© IS0 2020 - All rights reserved
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3.5
Level 4

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

Note 1 to entry: See Annex B.

[SOURCE: IEC 62264-1:2013, 3.1.16, modified — “level containing” has been added before functions.]

3.6
Level 3
level conta

Noteltoe
[SOURCE:

3.7
Level 2
level conta

ning functions involve
ry: See Annex B.

EC 62264-1:2013, 3.1.17, modified — “level containing” has been added before flinctions

ning functions involved in monitoring and controlling of the physicalprocess

|

|

d in

1€SS

Note 1 to erlltry: See Annex B.

[SOURCE: IEC 62264-1:2013, 3.1.17, modified — “level containing” has. been added before functions

3.8

business Jctivity

partially ofdered set of enterprise activities on Level 3 and Level 4 of functional hierarchy define
IEC 62264

39

comprehepsive integration

process of |inking together functional applications'within an enterprise

3.10

collaborative integration

process of |inking together functional applications between different enterprises

3.11

reference model

abstract fifamework or domdin-Specific ontology consisting of an interlinked set of clearly defined
concepts pfoduced by an expert or body of experts in order to encourage clear communication

Note 1 to eptry: A reference model can represent the component parts of any consistent idea, from busi
functions tq system components, as long as it represents a complete set. This frame of reference can then be yised
to communicate ideas'clearly among members of the same community.

3.12

assessment abjective
statement, provided as part of the assessment input, which defines the reasons for performing the
assessment

[SOURCE: I
3.13

SO/IEC 33001:2015, 3.2.6]

assessment expert team
group of one or more professional individuals who jointly perform an assessment process

[SOURCE: ISO/IEC 33001:2015, 3.2.10, modified — the word “professional” has been added before
individuals.]

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=30973cf1968bbc5447b0b85942d28b0d

IS0 22549-1:2020(E)

3.14

assessment framework
schema for use in characterizing an industrial enterprise quality characteristic of an implemented
industrial enterprise

4

Cll
OP}

5

5.1
The

bu

manufacturing operations management. Enterprise business activities are associated wit

on

inve

For
Ani
acti
are

5.2

Figuire 1 depicts the architecture of the enterprise assessing system and describes the rel
ent

Abbreviated terms

convergence of informatization and industrialization

/1

nhjprf-prnrpcc methodol ogy

Overview of assessment

General

assessed objects of a CII assessment include enterprise manufacturing activities,
siness activities and enterprise infrastructure. Manufacturing dctivities are assoc
L.evel 3 and Level 4 of functional hierarchy. Enterprise infrastructure is associated w
b stment, equipment and facilities etc.

assessment of ClI, data shall be acquired from Level 2, Lével’3 and Level 4 to answer ques
lex B provides further information for each Level in detail. However, this document covers
vities beyond Level 4 that support the enterprise but\are not directly related to manufag
therefore not addressed by the IEC 62264 functienal hierarchy.

Enterprise assessing system

Prprise assessing process with its.input and output objects which combine into extent

enterprise
ated with
1 activities
ith capital

tionnaires.
enterprise
turing and

ionship of
f CII using

thelaggregating process.
NOTE The figures in this document use the graphical notation of object-process methodology, g4s defined in
ISO{PAS 19450. See Annex A.
Enterpris .
assess
objectiv Infrastructure
. CII Level
Y
Assessm ?” Comprehensive
exper@ integration W
- . CII Level N
X Enterp.rlse Exteft of CII
assessing A\
Collaborative A
N integration
Industrial enterprise CII Level
assessment
framework Domain
application
CII Level

Figure 1 — Enterprise assessing system

Assessment expert team enables enterprise assessing, which requires industrial enterprise assessment
framework.

Enterprise assessment objective guides assessment expert team.

©lI
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Enterprise
a)
b)
c)

assessment objective includes:

assessment of the current situation of CII,
identification of weakness within the CI],

identification of ways to improve CII.

The extent of CII shall be assessed in terms of infrastructure, domain application, comprehensive
integration and collaborative integration within that enterprise by the enterprise assessing process.
Enterprise assessing pro

comprehe
extent of G

5.3 Indy

The indust
and assess

[1.

Istrial enterprise assessment framework

ial enterprise assessment framework consists of evaluation questionnaires,maturity md
ment reference model. Assessment reference model supports evaluation’questionnaires

maturity nmpodel, as shown in Figure 2.

cess results are the infrastructure CII level, domain application CII level,

nto

del,
and

\J
Enterprise Industrial g&prise
assessing assesstt ework
A
Infrastruckure Domain Comprehensive Collaborative Assessment
CII Level application integration integration e reference model
v Cll Level CII Level CIl Lev,
N
s"QQ g;?
5
. Evaluation @
Combining . .
questlonnalres
Extent of CIIC Maturity model
C.
Figure 2= Industrial enterprise assessment framework
6 Asseygsmentaeference model definitions

Figure 3 pi1
refer to thq

esentsthe structure of assessment reference model. The enterprise assessing process s
following aspects:

hall

infrastructure;
domain application;
comprehensive integration;

collaborative integration.

Four aspects are grouped by short-dashes (blue) line and twenty-four subordinate components to four
aspects are grouped by long-dashes (red) line.
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Assessment
reference model

Comprehensive Collaborative
integration integration

""'"'"‘_"""'""""""""_" e ""'"'""""""""A_"'L"_'::____
Product design I——l Proces design —| IFeIGiitom Gl and] t{Integration of applications —I Capital investment |

manufacturing intergation

Production management I——l Material management

Production management
and control integration

—| Organization and planning

| | | | _Producti

SatesTrar ] | TTTaTTCrar rrar I marketing integration I Eruiprre

and facilities |

Operation decision ‘t’l
support ]

Security management I——l Project management

pn resources |

. Human resource
Maintence management I——|

v
—|’ Informat

management

on security |

ocument management I——| Quality management |

EHS management I——l Energy management

Infy
infq

Thd
reld

Dor

ma
envy

Thd
a si
aut

ma;xagement, sales managenyent, financial management, security management, project m4

1 aspect
| ! com
B ponent

|| informational object
Figure 3 — Assessment reference model(aspect and its subordinate compones
astructure consists of capital investment, organization and planning, equipment an

rmation resources, and information security.

assessment of infrastructure shall’éonsider the construction of the infrastructure and
ted to CII.

hain application consists-ef-product design, process design, production management

ntenance management, human resource management, document management, quality mz
ironment, health afnd safety management, and energy management.

assessment_gfdomain application shall consider the application of information tec
ngle business—activity that has a well-defined and identifiable boundary of respons
hority forsiibordinate activities.

Compreliensive integration consists of product design and manufacturing integration,
marq:agement and control integration, production supply and marketing integration, and

nt)

] facilities,

conditions

materials
Inagement,
Inagement,

hnology in
ibility and

production
operation

deC clon - cunnaort
SHoR-5UPPpot+

The assessment of comprehensive integration shall consider the process of linking together functional

app

lications within an enterprise.

The assessment of collaborative integration shall consider the process of linking together functional

app

lications between different enterprises.
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7 Assessment reference model components

7.1

Infrastructure

7.1.1 Capital investment

The assessment of CII shall examine the application of information technology for capital investment

such as:

the investment in construction of automation and informatization,

the iny

the iny

7.1.2 Or

The asses

organizatii

automatio

7.1.3 Equipment and facilities

The assess
industrial

estment in the operation and maintenance of the information system,

estment in the research and development.

ganization and planning

sment of CII for organization and planning shall examine: the eéstablishment of
n, the qualifications of the team, the authority for defining the stratégy related to the fiel
and informatization.

ment of CII for equipment and facilities shall examine:information equipment and facili
pquipment and facilities related to the informatization.

7.14 In

The assessment of CII shall examine the application_ofinformation technology for construction of

informatio|
collect]
standd
accum|
integr
analys

manag

7.1.5

The asses;

Information security

ormation resources

resources such as:
ion,
rdization,
lation,
ntion,
s, and

ement of inforaiation resources.

the
d of

ies,

the

ment of CII shall examine the application of information technology for protecti01|1 of

informatio

ads. 1
ISTLUTItYy SULIT d5.

implementation of protection of the information security,
computer and networking security,

information resources security and disaster preparedness,
system security,

security management and construction of the prevention mechanism.

© IS0 2020 - All rights reserved
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Domain application

1 Product design

The assessment of CII shall examine the application of information technology for product design and
design processing such as:

digitalized model of the product,

digital examination,

7.2

The
pro

7.2

The
suc

7.2

The
suc

comprehensive design and optimization,

and intelligent design of a product.

2 Process design

assessment of CII shall examine the application of information technology for process
Cess execution such as:

design of process flow or planning,
analysis of dynamic simulation,

process control and parameter optimization and integrated process design.

3 Production management

assessment of CII shall examine the applicatien of information technology for productio
h as:

production planning and scheduling,
production management,

material requirement planning,
distribution management, and

outsource planning and management.

4 Materialsmanagement

assessmentof Cll shall examine the application of information technology for materials m
1 as:

management of purchasing,

design and

h activities

anagement

1inbound logistics, and

— management of suppliers in the materials management of product as well as the e-commerce

purchasing.

7.2.5 Sales management

The assessment of CII shall examine the application of information technology for sales management
such as:

©IS

management of sales,

management of the inventory of finished products,

02020 - All rights reserved
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— logistics distribution,

— after-sales services and management of suppliers in the sales management of the product as well as
the e-commerce sale.

7.2.6 Financial management

The assessment of ClI shall examine the application of information technology for financial management

such as:

accounting management,

capita
accour

cost m|

7.2.7 Se

The assess
such as:

inform

emerg

and fo

7.2.8 Pr

The assess
such as:

resear
scope,

applicg
the bu

and budgeting, and

the bu

7.2.9 M4

The asses

management,
ting statement and analysis,

anagement and financial budgeting management.

:lll'ity management

ment of CII shall examine the application of information technologyfor security managenpent

ation technology construction and application of securitydnganagement,
bncy response for early warning about major sources ofthazard,

recasts of new hazards.

pject management

ment of CII shall examine the applicatiofof information technology for project managenpent

ch and manufacturing of productyand engineering construction emphasizing the business

ition of the informationalized management of both project planning and authorization,

Kiness scope and contents of the informationalized management of project design, plantping

siness scopeand contents of the informationalized management of project implementati

lintenance management

mént' of CII shall examine the application of information technology for maintena

nt-such as:

manageme

— informationalized management of the equipment maintenance.

7.2.10 Human resource management

n.

nce

The assessment of CII shall examine the application of information technology for human resource
management such as:

— management of human resource planning and recruiting,

— training and development of the human resources,

emoluments,

© IS0 2020 - All rights reserved
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benefits,
achievement, and

employee relationship.

11 Document management

The assessment of CII shall examine the application of information technology for document
management of the documents collected from the enterprise to be assessed.

7.2

The
to a

7.2

Thd
safe

7.2

The
con

7.3

7.3

Thd
flov
dat

7.3

Thd
bet

12 Quality management

assessment of CII shall examine the application of information technology for quality m
ssure proper product quality.

13 Environment, health and safety management

assessment of CII shall examine the application of information technology for providi
and sustainable manufacturing environments.

14 Energy management

assessment of CII shall examine the application of information technology for assuring
sumption.

Comprehensive integration

1 Product design and manufacturing-integration

assessment of CII for product design.and manufacturing integration shall examine the bi
[ of information between researchiand design, and manufacturing of product, such as dat3
h exchange and management of product specification.

2 Production management and control integration

assessment of CII forproduction management and control integration shall examine the

manufacturing enterprises.

7.3

The
pro

3 Production, supply and marketing integration

assessment of CII for production, supply and marketing integration shall examine the int
duction, supply and marketing such as production according to the order, optimization of

arr

anagement

hg healthy,

ow energy

directional
definition,

ntegration

veen operation management, manufacturing execution of the plant and process conjftrol of the

egration of
production

hngement and dvnamic scheduling, integrated operation of the supply chains and the trad

eability on

the

7.3.

entire process of product quality.

4 Operation decision support

The assessment of CII for operation decision support shall examine the analysis of business information,
knowledge mining and accumulation, business decision of the enterprises, building of the credibility of
enterprises and risk management and control.

7.4

Collaborative integration

The assessment of collaborative integration shall consider the process of linking together functional

app

lications between different enterprises.
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Annex A
(informative)

Convention for using ISO/PAS 19450

This document utilizes object-process methodology (OPM) to describe enterprise assessing system

and indusf—m‘ql antarnrica accaccmant fraxoavzarl ODM ic o copanact concantial annraach lanagiio e
F Pt T Ao SaeraRgHnge,

TOT—CT

TTCT A= te o) —

TOTITCTITC— IOt ST YT T

oTrpTo Tt tontTpTaa T p Pt

and methgdology for modelling and knowledge representation of automation systems and. their
interoperafion. OPM is also a formal yet intuitive paradigm for systems design, engineerfing,
development, life cycle support, communication, and evolution. OPM notation supports the-concepfual
modelling [of systems. Its holistic approach can describe the functional, structural and behaviofiral

aspects of i system. Table A.1 defines the OPM notations used in this document.

Table A.1 — OPM notation used in this document

Symbgl name Definition
Obi Informatical object |An objectis an item that exists or can ekist once constructed, phys
jec ically or informatically. AssociationS@mong objects shall constitutg
the object structure of the system'heing modelled, i.e., the static,
structural aspect of the system.
. Physical object Physical object is an item thatexists or can exist once constructed,
Object . L : . :
physically. Associations among objects shall constitute the object
structure of the system being modelled, i.e., the static, structural
aspect of the systems
Process A process is an item1 that expresses the behavioural, dynamic system
Processing aspect: how processes transform objects in the system and how th¢
system functions to provide benefit. Processes complement objectd by
providing the dynamic, procedural aspect of the system.
Aggregation- The fundamental structural relation Aggregation-Participation is 4
A participation source item that aggregates one or more other participant items, the
relation link destination items, into a meaningful whole.
tag [ |Unidirectional A unidirectional tagged structural link shall have a user-defined
[ tagged structural semantics regarding the nature of the relation from one thing to the

link

other thing. A meaningful tag, in the form of a textual phrase, shall
express the nature of the structural relation between the connecting
objects or connecting processes.

Agentlink

Agent is a human or a group of humans who enables the occurrencsg
of the process to which it is linked but is not transformed by that
process.

WA

Instrument
link

Instrument is an inanimate object that enables the occurrence of the
process to which it is linked but is not transformed by that process

Result link

A result link shall be a transforming link specifying that the linked
process creates (generates, yields) the linked object, which is the
resulted.

— <
—

Consumption link

A consumption link shall be a transforming link specifying that the
linked process consumes (destroys, eliminates) the linked object.

10
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