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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization)con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
bperation on all questions concerning standardization in the electrical and electronic fields. 1o this ¢
ddition to other activities, IEC publishes International Standards, Technical Specifications;yTechnical R
licly Available Specifications (PAS) and Guides (hereafter referred to as “IECyPublication(s)”)
baration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-governmental organizations
the IEC also participate in this preparation. IEC collaborates closely with th€)International Organiza
hdardization (ISO) in accordance with conditions determined by agreement‘between the two organiza

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern

rested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are madg to ensure that the technical content
lications is accurate, IEC cannot be held responsible for the way in which they are used or

rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publi
sparently to the maximum extent possible in their national and regional publications. Any divergence b
IEC Publication and the corresponding nationakerregional publication shall be clearly indicated in thé

itself does not provide any attestation of conformity. Independent certification bodies provide cor
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certificatioh bodies.

isers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its-directors, employees, servants or agents including individual expe
nbers of its technical committeés-and IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg
enses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn to ,the _Normative references cited in this publication. Use of the referenced publica

ntion is drawn‘to'the possibility that some of the elements of this IEC Publication may be the subject o
ts. IEC shallnot be held responsible for identifying any or all such patent rights.

R 63283-2 has been prepared by Technical Committee 65: Industrial-pr
irégment, control and automation. It is a Technical Report.

prising
ational
nd and
eports,
Their
Alt with
iaising
tion for
ions.

ational
om all

ational
of IEC
or any

cations
etween
latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

patent

pcess

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

Draft Report on voting

65/864/DTR 65/905/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.
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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. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 63283 series, published under the general title Industrial-process
measurement, control and automation — Smart Manufacturing, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e regonfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPQRTANT — The "colour inside" logo on the cover page of this)document indicates that it
contpins colours which are considered to be useful for the{correct understanding of its
contents. Users should therefore print this document using-a colour printer.
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INTRODUCTION

In recent years, one observes that an increasing number of “buzzwords” are in discussion in
the manufacturing area. The scope of the various “buzzwords” is not clearly defined, moreover,
the scope addressed by the “buzzwords” is not congruent but overlapping. Each stakeholder
involved in these discussions has another perspective to the various topics and the discussions
address very different levels of detail and consider different contexts. This is illustrated in
Figure 1.

“Smart Manufacturing is one of the buzzwords that addresses multiple stakeholders. The overall
community is convinced that “Smart Manufacturing” will significantly affect the manufacturing

indus{ries and, therefore, standardization will consolidate the vision of “Smart Manufac
different manufacturing industries sectors viewpoints. The discussions
brdization are sufficiently formal or precise in order to later have any claim.reg

from
stand

turing”
ithin
rding

compliance to standards. Thus, standardization will consolidate the definitions| and

under

In ord

standing of the “buzzwords” for its own usage.

circular

economy
digital )
twin ing

artificial
intelligence

society %
standardization
research
o industries
politics manufacturing industries
- ;‘ energy
L0 ‘ healthcare

l

IEC

Figure 1.— Related subjects to Smart Manufacturing

er to analyze(the  impact of “Smart Manufacturing” on standardization, the approach

chosen is the collection and evaluation of use cases to obtain a sufficiently representative

descr

the mpnufactaring value chains. They illustrate what could be conceivable in the future
kt of “Smart Manufacturing”. Thus, a use case itself is explainable! to a manufacturing

conte
comp

ption of “Smart Manufacturing”. These use cases are described from the perspecfive of

in the

hny . ‘Experts in standardization will afterwards analyze these use cases to decide wTether

e a specific use case provides no (new) input for standardization;

e a specific use case provides needs to maintain existing standards (this can be related to
the content or the application areas);

e a specific use case provides input for additional measures to be elaborated in by
standardization projects.

1

A typical employee of a manufacturing company is not familiar with formal methods used to describe use cases

as accurately as possible or even uses different terms, for example plant versus factory versus production system.
Thus an explanation of the use cases is necessary.
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Based on this approach the use cases will contribute to the following topics:

Consolidation of the vision “Smart Manufacturing”: The use cases will describe the basic
principles of traditional and future manufacturing value chains and will work out the
additional, new opportunities enabled by digitalization.

Consolidation of terms and concepts: The use cases will facilitate to come to agreements
on basic terms and concepts. The description of terms and concepts will be in an application
context and not here in a terms and definitions section.

Justification of a general need for standardization: Based on the use cases, the fundamental
gaps will be identified. It is intended to close the gaps that have not yet been filled up.
Possibly, however, it is effective to first suitably upgrade the installed base based on already
edtablished standards.

Elaboration of recommendations for standardization on an abstract level: Basedon’the use
cgses, the requirements — and not solution concepts — for standardization will he extfacted
tolachieve a consensus for maintenance or new development of standards. Itlis intendled to
ddrive the recommendations from the use cases and ensure backwarditraceability fo the
uge cases.
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INDUSTRIAL-PROCESS MEASUREMENT, CONTROL
AND AUTOMATION - SMART MANUFACTURING -

Part 2: Use cases

1 Scope

This Technical Report has the goal of analyzing the impact of "Smart Manufacturing~, ¢
daily pperation of an industrial facility. It focusses on the perspective of automation and'c
of thg production system, but also on the supporting processes of ordering, supply
management, design, engineering and commissioning, operational technology; life
management, and resource management.

Thesdg recommendations are accomplished on the basis of several carefully selected use
that afe familiar to manufacturing industry. Therefore, each use case-is described, follow
an anglysis of the possible influence of “Smart Manufacturing” and thie assessment of the i
on ex|sting and future standardization.

2 Normative references

There| are no normative references in this document.

3 Terms and definitions

3.1 General

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

ISO apd IEC maintain termipological databases for use in standardization at the foll
addrepses:

e |EIC Electropedia: available at https://www.electropedia.org/

n the
ontrol
chain
cycle

cases
ed by
mpact

pwing

hat the

| These

e roles

human and technical roles. A technlcal roIe can be represented by a subject oran object where a subject is an entity
doing something, and an object is having something done to it. Thus, subjects have capabilities in the sense of

having the ability to perform actions.
3.2 General terms and definitions

3.2.1
actor
entity that communicates and interacts

Note 1 to entry: These actors can include people, software applications, systems, databases, and even the power

system itself.

[SOURCE: IEC 62559-2: 2015, 3.2]
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set of characteristics that distinguish an entity’s ability to exhibit a set of required behaviours

Note 1

to entry: In this document the entity is an actor.

[SOURCE: I1SO 18435-1:2009, 3.22, modified — The word “resource” has been replaced by
“entity” and the note has been added.]

3.2.3

Smart Manufacturing

manufacturing—that improves—its performance—aspects—with-integrated—and-intelligent yse of
procepses and resources in cyber, physical and human spheres to create and deliver.prgducts
and services, which also collaborate with other domains within an enterprise’s value~chajns
Note 1|to entry: Performance aspects include agility, efficiency, safety, security, sustainability or any other
perfornpance indicators identified by the enterprise.

Note 2| to entry: In addition to manufacturing, other enterprise domains can include “engineering, logistics,
market|ng, procurement, sales or any other domains identified by the enterprise.

Note 3 [to entry: In this document also the business context of manufacturing is considered.

3.2.4

standardization

activify of establishing, with regard to actual or potential problems, provisions for commagn and
repeated use, aimed at the achievement of the optimum~degree of order in a given contejxt
Note 1|to entry: In particular, the activity consists of the processes of formulating, issuing and implementing
standafds.

Note 2[to entry: Important benefits of standardization*are improvement of the suitability of products, procesges and
servicels for their intended purposes, prevention of barriers to trade and facilitation of technological cooperatjon.
[SOURCE: ISO/IEC Guide 2:2004, 1.1]

3.2.5

system

set of|interrelated elements.considered in a defined context as a whole and separated frpm its
envirgnment

Note 1[to entry: Such_elements can be both material objects and concepts as well as the results thereof (e.d. forms
of orgapization, mathematical methods, and programming languages).

Note 2[to entry: ( The system is considered to be separated from the environment and other external systemp by an
imagingry surface;"which can cut the links between them and the considered system.

[SOURCE: IEC 61804-2:2018, 3.1.65]

3.2.6

use case

specification of a set of actions performed by a system, which yields an observable result that
is, typically, of value for one or more actors or other stakeholders of the system

[SOURCE: ISO/IEC 19505-2:2012, 16.3.6]
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Business roles

purchaser
legal entity requiring a good or a service in exchange for money or other resources

Note 1 to entry: A purchaser of a physical good can require it by selecting it from a catalog provided by a
manufacturing company or by specifying an individual product order and requesting this specified physical good from
a manufacturing company.

3.3.2
manu
legal
produ
carrie

Note 1
specifig
purcha

Note 2

compa
manufg

Note 3
already

Note 4
anothe

Note 5
supplig

3.3.3
non-g
legal

Note 1

3.3.4

facturing company

ct in view of its being placed on the market, regardless of whether these operatio
d out by that legal entity itself or on its behalf

to entry: Selling a physical product to a purchaser follows a negotiation procedure: on request of a pu
d by a product order, the manufacturing company prepares an offer. Upon acceptance-of the offer
ser, the manufacturing company delivers the product according to the assured prodict features.

to entry: A product order can be specified by a purchaser and it is in the responsibility of the manufd
y to assure the specified features. The purchaser can also select a productffom a catalogue provid
cturing company and it is in the responsibility of the purchaser to select an appropriate product.

to entry: A product does not necessarily have to be manufactured individually for the purchaser, it c
be in stock and delivered directly to the purchaser.

to entry: A manufacturing company can act in the role of a_supplier as well as in the role of a purch
manufacturing company.

to entry: Examples in the use cases: production resource supplier, robot supplier, gripper supplier,
I, physical asset supplier, device supplier, 3D printefsupplier

hysical asset supplier
bntity delivering a non-physical product to a purchaser

to entry: An example of a non-physical product can be a piece of information.

softwjare application supplier

legal

Note 1
simulat
supplig

3.3.5
broke
legal

bntity delivering a software application to a purchaser

to entry: Examples/in the use cases: engineering tool supplier, production system engineering tool s
on tool provider) virtual reality platform provider, data analysis tool supplier, device management
r, collaboration platform supplier.

r
bntity serving as an intermediary between a purchaser and a supplier or a provider

ysical
s are

chaser
by the

cturing
bd by a

An also

aser of

sensor

ipplier,
Bystem

Note 1

to entry: A broker mediates a request from a purchaser to possible suppliers, selects one or more fee

received from suppliers and provides them to the purchaser.

3.3.6
comp

uting and connectivity infrastructure operator

dbacks

legal entity operating a computing and connectivity infrastructure (“lloT-platform” operator)

3.3.7

collaboration platform operator
legal entity operating a collaboration platform

3.3.8

decentralized energy network operator
legal entity operating a decentralized energy network
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3.3.9
service provider
legal entity managing and delivering one or more services to a purchaser

Note 1 to entry: Examples in the use cases: energy provider, value-based services provider, software integration
services provider.

3.3.10

secure identity provider

legal entity operating a secure identity management system providing and verifying secure
identities

3.3.1J
standardization body
legal entity developing a standard and having the authority to do this

Note 1[to entry: Standards can be developed consensus based (for example in IEC) as well as'by a consortium (for
example of companies).

3.3.14
comnmunity
organjzation of different business stakeholders pursuing a commen goal

3.4 Human roles

3.4.1
employee
persoh acting in a defined role within a company

3.4.2
customer
persoh specifying the requirements for a-product or service to purchase the specified product
from a supplier

Note 1[to entry: The focus is on technical-perspective in contrast to a purchaser as a legal entity.

3.4.3
prodyct developer
persoh developing a preduct according to the requirements of a specific customer or a market
segment

Note 1|to entry: EXamples in the use cases: production resource developer, physical asset developer, arthitect,
challenjge provider

3.4.4
production system architect
persoi u'c:::igllillg o pluu'uuiiun bybiclll ora modifreation (bUIIVUIbiUII) of amn c)\ibiing pIUUI uction
system according to given boundary conditions, especially the ability to produce the specified
range of products

Note 1 to entry: Examples in the use cases: maintenance coordinator, adaptable production system configurator,
robot cell architect, production process developer, challenge provider.

3.4.5

system integrator

person integrating physical production resources into a production system based on
specifications provided by a production system architect
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production coordinator
person who creates, monitors, updates and controls the execution of a production plan

Note 1

Note 2

3.4.7

to entry: A production coordinator controls the submission of offers to a customer or the concrete production
of ordered products through suitable specifications for “design for manufacturing” and “request/order management”.
In extreme cases, it is conceivable that the bidding process as well as the production process are completely
automated, and that the production coordinator does not need to interact with “design for manufacturing” and
“request/order management”.

to entry: Example in the use cases: challenge provider.

prody
perso
order

Note 1

3.4.8
servig¢
perso

ction resource operator
N operating a production resource in a production system guided by a specific_prod

to entry: Example in the use cases: production system operator.

te and maintenance provider
h executing physical service activities related to a production system baseg

specifications provided by a production system architect

3.4.9

softwjare developer

perso

Note 1
wants
segme

Note 2

3.4.1(

h developing a software application

to entry: The requirements for the software application\¢an either be formulated by a specific custon
o order the software application or by a product coerdinator to offer the software application for a
t to various customers.

to entry: Example in the use cases: challenge provider.

data g$cientist

perso

h using scientific methods, processes, algorithms, and systems to extract knowledd

insights from structured, semi-strdctured and unstructured data

3.4.11

softwjare integrator

perso
creati

3.4.12

h integrating software applications according to the specifications of a custome
Ng an integrated software solution

softwjare ©rchestrator

perso

h.6rchestrating the process of integrating software applications for their proper use

Liction

d on

er who
market

e and

r and

Note 1

Note 2

to entry: The software application can comprise data bundled with physical assets.

to entry: The proper use can be according to the identity and capability management, consider

company's operational guidelines.

3.4.13

IT administrator
person managing the IT infrastructure including general software applications within a
manufacturing company

ing the
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3.4.14

cyber

security architect

2022

person designing an operation infrastructure of a manufacturing company with respect to cyber

securi

Note 1

ty concerns

to entry: Example in the use cases: challenge provider.

3.4.15
cyber security coordinator
person coordinating and managing the cyber security concerns within a manufacturing company

Note 1
3.5

3.5.1
prody
physi

3.5.2
asset
entity
or act

3.5.3
prody
descr

Note 1

3.5.4

planned production system

descr

Note 1

Note 2

3.5.5
prody
descr

Note 1
constit
propertf
entitieg

Q. enlry: Exa“]“ e .“ t e 11Se cases: “l]a enge ““m'(ler

Technical roles acting as object only

ct
al entity produced by a manufacturing company and delivered to a purchaser

owned by or under the custodial duties of an organization{which has either a perg
ual value to the organization

ct series
ption of a product independent of a specific requdest or order of a customer

to entry: The concrete considered information depends on the specific purpose.

ption of a production system which'is planned to be built and commissioned some

to entry: Depending on the context, the description can be as planned or as built.

to entry: The concrete considered information depends on the specific purpose.

ct order
ption of a produet for a specific request or an order of a customer

to entry: (Ayproduct order includes a description in the form of a composite structure (i.e. a descriptid
ents) ineluding the quality requirements to be fulfilled (i.e. lists of property value statements, wh
es are standardized, e.g. CDD (IEC 61987), ECLASS (based on IEC 61360) et al., the quantity of (id
to’be-delivered, desired delivery dates, if applicable, additional conditions such as a price per entity.

eived

lime

n of all
Ere the
entical)

Note 2

3.5.6

to entry: A product order can be in the status “requested” or in the status “ordered”.

production order
description of production steps on how a product described by the product order can be
produced

Note 1

to entry: A production order includes a product order and a sequence of production steps describing

how to

produce the product complying with all required conditions. The sequence includes the production resources used
for the specific production steps, the boundary conditions, and the required materials, intermediates, auxiliaries, etc.

Note 2

to entry: A production order can be in the status “requested” or in the status “ordered”.
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3.5.7
library
set of entity descriptions

Note 1 to entry: Examples in the use cases: library of product models, knowledge pool.

3.5.8
information about non-physical asset
description of a non-physical asset

Note 1 to entry: The concrete considered information depends on the specific purpose.

3.5.9
information about physical asset
description of a physical asset

Note 1[to entry: The concrete considered information depends on the specific purpose.

3.5.1(
simullation model of non-physical asset
description of a non-physical asset, which can be simulated using some simulation tool

Note 1[to entry: The concrete model depends on the specific purpose.

Note 2[to entry: Example in the use cases: simulation model of technolggical process.

3.5.11
simullation model of physical asset
description of a physical asset, which can be simulated using some simulation tool

Note 1[to entry: The concrete model depends on the'spgecific purpose.

3.5.12
enerdy price
amoupt of money for which energy is-sold now or in the future

3.5.13

softwjare application
dechE)tion of software eode, which can be handled, managed and configured or customized

via settings

Note 1[to entry: Thetexecution of a software application is a technical role acting as a subject.

Note 2 [to entry: \Examples in the use cases: process control system software.

3.5.14
interfpce
description of a shared boundary between system entities

Note 1 to entry: Within the scope of this document, the interface between a production resource and the production
resource integration layer is considered in particular.

3.5.15
legal contract
description of a legal obligation between business roles

Note 1 to entry: Examples in the use cases: energy contract.

3.5.16

revenue model

description of mechanisms how revenues are generated based on offerings to a purchaser or a
market segment
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3.5.17
standard
description of obligations with the objective that somebody or something should comply with

Note 1 to entry: Examples in the use cases: reference frame, application frame, properties, procedures, interface.

3.5.18
CERT telegram
description of cyber security issues

3.5.19
external-information
description from a source outside of a manufacturing company

3.5.2(
solution board
descr{ption of solutions

3.5.21
challenge board
description of challenges

3.6 |Technical roles acting as subject or object

3.6.1
develrpment organization
organjzation managing different developers, who jointly develop results following an qverall
objeclive

3.6.2
prodyction system
physi¢al system, which is typically set up'of production resources, to execute a production|order

Note 1|to entry: Examples in the use Cases: adaptable production system, which consists of a set of profuction
resourdges including the boundary conditions in which materials and intermediates can be transferred frgm one
productfion resource to another production resource and a design that makes it easy to modify or exchange profuction
resourges.

3.6.3
prodyction resource
mechatronic entity\'characterized by production capabilities, where a production cappbility
describes how<a-'(intermediate) product is produced in the case of corresponding|input
condifions (presence of material, intermediates, etc.) and boundary conditions (tools, aukiliary
materjals,c.energy, etc.) and which quality parameters of the (intermediate) product are assured

Note 1 te-entr—Aproductionresedreecanassumetheroleofarenergyproviderortheroleofanrenrergy-censumer

Note 2 to entry: Examples in the use cases: transportation resource moving but not processing products, storage
resources storing but not processing products, robot, 3D printer.

3.6.4
device
physical component including computing capabilities that perform specific functions

Note 1 to entry: Examples in the use cases: connectivity device, which allows data to flow from one device to
another; sensor (including computing capabilities), which is a specific measuring device connected to the physical
process; gripper.

3.6.5

decentralized energy network

system consisting of a network of energy provider and energy consumer including an overall
load management
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3.6.6

design for manufacturing

system computing all feasible production orders based on a product order, an adaptable
manufacturing system and additional conditions

Note 1 to entry: Additional conditions can be specified, for example, by a production coordinator.

3.6.7

request/order management

system selecting a production order from a set of feasible production orders and additional
boundary conditions

Note 1[to entry: Additional boundary conditions can be specified, for example, by a production coordinator.

3.6.8
asset/management
systeqn managing the assets of a company in a uniform way

3.6.9
prodyction management
systefn supporting the management and planning activities of thé\production coordingtor in
produgtion execution and production planning (after commissioning)

3.6.1(
prodyction execution
systefn transforming planning information of production management and the prodjction
coord|nator into a sequence of steps, which are thén executed in an automatic way by the
produgtion system

3.6.11
condJ:]ion prediction
systefn predicting the condition of a proddction resource

3.6.12
machjfne learning
systefn based on an algorithm that builds a prediction model based on sample data (also known
as trajning data) to make predictions and to improve through experience without being explicitly
programmed to perform.the task

3.6.13
predigtion model'execution
system executing a provided prediction model, based on machine learning

Note 1|tocentry: A prediction is made based on getting data from various sources, for example the behav|or of a
physicdl asset.

3.6.14
pattern recognition
system discovering and testing patterns in (typically large) data sets

Note 1 to entry: The overall goal is to extract information (typically with “intelligent” methods) from a data set and
transform the information into a comprehensible structure for further use.

Note 2 to entry: Example in the use cases: decision support.

3.6.15

rules engine

system that automatically evaluates a certain set of rules and performs an action as soon as
the condition for applying a rule is met

Note 1 to entry: Examples in the use cases: automated workflow engine, where the rules describe a workflow.
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3.6.16
improvement indicators
system visualizing the impact of improvement measures

3.6.17

value

-based service

system offering a function based on an intended purpose based on the analysis of data

Note 1

to entry: Examples in the use cases: benchmarking services.

3.6.18

softw'I:-pe-a-ppl-isa-(-ian-stcre
systefn managing and provisioning a set of software applications

3.6.19

2022

coIIa:Loration enablement

syste

3.6.2(

syste
indivi

3.6.21
secu
syste
regist
provig

3.6.272
ident

enabling the simultaneous work of different users with various engineering tools

enabling the customization of a set of software applications via the settings
ual software applications

custcl;nizing enablement

e identity management

managing secure (verifiable) identities across’a company and offering capabiliti
ration, provision and verification in the sense that a recipient of an identity can che
ed identity

ty and capability management

bf the

es for
Ck the

systefn managing the identities and the\associated capabilities within a company in a upiform

way

3.6.23

engir];eering tool

syste
creati

Note 1
produc

creating a set of. information models, which typically serve as a specification f
bn of a physical éntity or configuration data for a software application

to entry: Examples in the use cases: product configuration order tool, production system engineeri
developmént=tool, production resource engineering tool, robot cell engineering tool, documentatig

software development tool, mapping tool, simulation tool, device management system, engineering tool lan

(which

3.6.24

s a settofrintegrated engineering tools), operation infrastructure engineering tool, design tool.

br the

g tool,
n tool,
dscape

explo

ratiomn tool

system providing exploration capabilities in a structured set of data to a person

3.6.25

comp

uting infrastructure

system providing a runtime environment for execution of software applications

3.6.26

comp

uting and connectivity infrastructure

system offering connectivity capabilities for assets so that information between an asset and
the infrastructure can be exchanged, and offering management capabilities of data including a
runtime environment for execution of software applications and configuration capabilities
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3.6.27

production resource integration layer
system integrating the capabilities of production resources into an automation system from
which the individual capabilities of the production resources and basic capabilities of the control
system can be monitored and controlled based on uniform principles

Note 1

to entry: Example in the use cases: process control system hardware.

3.6.28

virtual reality platform
system providing a simulated experience of the real world so that a person can take part in and
interact with virtual features or items

3.6.29

presT:tation logic

syste
requir

3.6.3(

operjzion infrastructure

syste
includ
office

Note 1
specifi
identityf

Note 2
defined

4 Apbreviated terms and acronyms

Table

providing a decoupling of logical information from technology-dependent inforn
ed by visualization and control devices for interaction capabilities

comprising the entire technical infrastructure of a manufacturing company,
es the production system assigned to the shop floor and the IT system assigned
floor

to entry: The operation infrastructure includes the executien of software applications according
ations provided by an identity and capability managementiand verifying the secure identities via a
management.

to entry: Various human roles act in the operation<infrastructure in accordance with operation gui
by the manufacturing company.

1 defines the abbreviated terms and acronyms used in this document.

Table 14— Abbreviated terms and acronyms

nation

which
to the

to the
secure

delines

Abbreviation Meaning
CAD computer aided design
CERT computer emergency response team
ERP enterprise resource planning
IToT industrial internet of things
IIRA Industrial internet reference architecture

= e s " L }
LIl mruTrTmatiorm tcuiTmuioyy

KPI key performance indicator

MES manufacturing execution system

PCB printed circuit board
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5 Conventions

5.1

General

The use cases in this document are referred and edited based on IEC 62559-2, see [1]2.

5.2

Description of use cases

2022

This document takes the following approach for the development of use cases, see Figure 2.
The background why this approach was chosen and the relation to similar approaches is

described in Annex B.
Use chse concept Aspects of description Addressed stakeholder
,/' objective Participant in manufacturing value chainE
-------------------------- / overview Explainable especially for persons respongible

for manufacturing strategy from a technical

: 1
i systpm V\A systgm un@er i business context perspective
i 9 -7palsaeien i technical perspective Sufficiently representative (from perspective of
' ond bser i interaction of roles manufacturingvalue chains) with respect fo
R D oy expected change and impact market and itnplementation (mid term)
<---> inferaction \‘\ recommendations for standardization Standardization

T Systemidntegrator

Figure 2 — Overall structure of use cases

IEC

Comr:LonIy, a use case concept includes the description of interactions of end-users, different

syste
Manu

s and a system under consideration. Ideally, the system under consideration is a *
acturing system”. However, since thére is no consensus today regarding the s

bound
delim
betw
use ¢
Termsg
roles

For th
Anne
green
in the
persp
addre
recon

ary of a “Smart Manufacturing system?, in a first step there was a conscious refrai

hses was used. For this reason, the involved roles have been consolidated in ClI
and definitions. At a lateroint in time, it is quite conceivable to define for each of
whether they are part of av“Smart Manufacturing system” or not.

e description of-atuse case, a template has been developed, which is explair

in Figure 2 can-be understood by persons who are familiar with value added proc
manufacturing industry. Persons responsible for manufacturing strategy from a tec
bctive are)'to be addressed. In contrast, the last section indicated in grey in Fig
5ses those who are concerned with standardization, especially about possible
mendations.

Smart
ystem
from

ing the system under consideratiofy, instead concentrating on describing the interaction
en different roles. A common understanding of the various roles involved in the different

use 3
these

ed in

A. Following the-objectives of this document, the sections of a use case indicated in

esses
hnical
ure 2
future

2 Numbers in square brackets refer to the Bibliography.
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5.3 Selection guidance for elaborated use cases

The process of selection and elaboration of use cases was open for any use case proposal. But
it was necessary for such proposals to be prepared following common quality criteria based on
the use case template. In addition, it was ensured that the use cases are representative for
“Smart Manufacturing”. For this reason, a reference frame has been defined, see 5.4 Reference
frame for use cases, in which the use cases were classified, see 5.5 Clustering of use cases3.
A major challenge was to keep the individual use cases on a comparable level of detail.
Therefore, the roles in the use cases have been consistently consolidated, see Clause 3 Terms
and definitions. If many new roles had to be introduced to describe a use case, this was an
indication that the level of detail of the intended use case is not appropriate.

Finally, the following basic assumption is important: each use case is a hypothesis. This|means
that there can be quite different or even complementary assessments regarding the-reteyance
or feapibility of a use case. Ultimately, the market will decide which of these proposed Use fases
will prevail in the long term. It is important to formulate these theses coherently and
comprehensibly in order to then be able to initiate a discussion regarding the assessmgent of
the theses. Moreover, it is quite conceivable that some use casesfare already |being
implemented in a specific area today. The decisive discussion, however;,-will be to what ¢xtent
today|s focused implementation will be technically and economically“feasible in a much|wider

field qf application in the future.

5.4 Reference frame for use cases

There| are several suggestions for common reference frames. For this technical repdrt, an
appropch developed by VDE/VDI was chosen. Detajls_of this approach can be found jn the
VDE/YDI document [2]. A distinction is made between value added processes within a

manufacturing company and across different companies:

Figurg 3 shows the value-added processesxwithin a manufacturing company. Individual use
cases| have been positioned regarding these core processes in this report.

purchaser

production planning
C)V

%2 production engineering
N

product design /

service

-

manufacturing company

supplier

19seyaund

1EC

Figure 3 — Value added processes within a manufacturing company

e Product design: These processes include the product development (including research
activities, prototypes, demonstrators and the development of platforms as basis for the
development of portfolio elements); the development of portfolio elements, which can be
offered to the market; the management of the existing portfolio elements offered to the
market and the discontinuation management. Typically, these activities generate assets in

the virtual world.

3 Even a use case without impact on standardization generates value if it completes the use case collection,

because it sharpens the term “Smart Manufacturing”.
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2022

e Production planning: These processes include the planning of the production process and
during operation of the production system the production optimization and maintenance and

dis

posal planning. Typically, these activities generate assets in the virtual world.

e Production engineering: This comprises erection of the production system and the
reconfiguration during operation, maintenance and disposal. Typically, these activities
generate assets in the virtual and physical world.

e Production execution: These processes include the production planning and scheduling, the
execution of the production including quality management, supply chain management and
the delivery to the customer. These activities generate assets in the virtual and physical

wo
e S

Figure
to be

rid.

sdrvices. Typically, these activities generate assets in the virtual and physical world.

4 shows an example, without any claim to completeness, of the value-added proc
found across different companies. The roles shown in Figure 4 are explained

Busingss roles.

Manu

necegsary quality, in¢reasing efficiency, reducing time-to-market or delivery-lead-ti
reactihg in a flexible.way to changes in the market. Moreover, manufacturing compan

engineering  software
engineering service application logistics
tool supplier provider supplier provider purchaser

= moE
o L
broker
system AN @
integration .x.
provider

;
i S
maintenance \'/ brocucion s/

service M
provider

manufacturing service provider
IEC

machine supplier supplier

Figure 4 — Example for.value added processes across different companies

plated

esses
n 3.3

acturing companies\are driven by improving the productivity, for example ensuring the

also driven by opening new revenue streams, for example offering additional data-
servides, or expanding the product with additional digital features and thereby achie

highe

5.5

price @r-open up new markets.

Clustering of use cases

rle, or
igs are

driven
ing a

The use cases have been clustered following the value-added processes within a manufacturing
company according to Figure 3. Various use case clusters are illustrated in Figure 5.
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Figure 5 — lllustration of the use case cluster

Developing additional use cases

The u

descr(Lbe “Smart Manufacturing” in a representative way. The overall community is now

to ad
docun

se case collection in this document does not claim to be complete, but is inteng

new use cases or to refine individual use cases. The’éxamples and guidance i
nent are intended to support this.

ed to
asked
n this

This document can be updated if the overall communify reveals a specific need for gction.

Anne

6

6.1
6.1.1
6.1.1.

By us
produ

6.1.1.

The p
have
mean

Use cases

Use case cluster “Order-controlled production”
Manufacturing of individualized products
1 Objective

ng adaptable production systems, manufacturing companies want to offer individu
cts to better address'purchaser and market requirements.

/] Overview

o offér-an increasing number of products or product variants. This does not neces
lot size 1 but could also apply to larger quantities of individualized products that ¢

ordergd\by a purchaser.

D provides additional draft use cases which can be considered in an updated document.

alized

urchaser increasingly requires individualized products so that manufacturing companies

sarily
an be

In order to be able to participate in this market trend, a manufacturing company will develop
and implement a suitable strategy regarding the offering and production of individualized
products by suitably balancing all objectives to be considered like cost effectiveness, time to

marke

t, flexibility, etc.
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In this use case, it is assumed that a manufacturing company can satisfy purchaser
requirements by an adaptable# production system; of course, other strategies are conceivable.
The purchaser usually describes the requirements for a product in the form of a product order.
On the other hand, the manufacturing company derives from such a product order a possible
production plan and assures that it can produce it with the aid of its adaptable production system
and make an offer to the purchaser. If a purchaser accepts the offer, the manufacturing
company manufactures the product and delivers it to the purchaser.

The general understanding of the term “individualized product” is very broad. In this respect,
manufacturing companies choose different individualization strategies to meet this requirement.
Examples of this are, without claim to completeness and without defining them here in more

detall OtIGtUuIUO, ouuh do UIIU;IIUUI ;Ily tU Uldcl, UUIIf;UuIU tU UIdUI, GOOUIIIb:U tU Uldcl, Ct\.. Th|S
use dase focuses on an individualization strategy of offering manufacturing servicels. An
example of this individualization strategy is the offering of PCB assembly.

A corg prerequisite for this use case is a precise, standardized specification-of the product
order| The narrower the scope of the products under consideration, the niore realistic |is the
technjcal feasibility of the use case. Nevertheless, there are produets for which the
implementation of this use case is simply unrealistic from today's perspéctive. In this respect,
this use case is to be viewed with a strong focus on the future.

Outsqgurcing of selected production steps is not covered in thiS’use case, but in the usqg case
“Outspurcing of production”. Also, the delivery of the produét is not covered in this use|case,
but in[the use case “Inter-facility logistics”.

In addition to the technical boundary conditions, legal framework conditions will also be|taken
into agcount when implementing this use case, suchas the underlying legal contract, according
to wHich the manufacturing company offers _and delivers the product, or restrictions on
procufement, to which the manufacturing company is a subject. Details regarding these agpects
are n¢t described in this elaboration.

6.1.1.3 Business context

Figurg 6 illustrates the business roles involved in the use case “Manufacturing of individuplized
produpts”.

manufacturing

purchaser company
requests

offers
) orders
delivers

non-physical value added process
physical value added process

IEC

Figure 6 — Business context of “Manufacturing of individualized products”

6.1.1.4 Technical perspective

Figure 7 illustrates the human and technical roles involved in the use case “Manufacturing of
individualized products".

4

In a flexible production system, production capabilities are kept available so that they can be used directly if

needed. In the case of adaptable production systems, the reconfiguration of the production system is planned,

but

first carried out for use, see [3]. Insofar, adaptability is “broader” than flexibility.
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Figure 7 — Technical perspective of “Manufacturing of'individualized products

.p Interaction of roles

The customer defines individualized product order.and makes a request to the manufac

comp

hny: The customer uses a product order configuration tool and provides an indi

product order:

The product configuration tool could.be provided by the manufacturing compan
edample via a product catalogue withyproduct variants offered to the market.

The customer could also use seme third party tool, where the manufacturing cor
aqcepts request from a customer-based on the third party tool.

The groduct order is specified by a description in the form of a composite structure

descr

prope
be de

The

coord

lption of all constituents) including all quality requirements to be fulfilled (i.e.
ty value statements, where the properties are standardized), the quantity of prod(
ivered, the desired delivery date and, if applicable, other boundary conditions.

manufacturing company receives an individual product order and the prod
nator checks from a technical point of view whether an offer will be provided

customer: Theproduction coordinator checks to what extent they are able to provide ar

accor

p

ling\to the received individual product order. This concerns the

IEC

turing
vidual

y, for

hpany

i.,e. a

lists of

cts to

Liction
o the
offer

SENCE Of COITESPONding progduction resources with capabifities tirat—attow for g

production of the desired product;

neral

availability of the required production resources under the desired boundary conditions, for
example delivery date or required quantity;

consideration of further technical, business and strategic boundary conditions.

The content review of the individual product order will be carried out by the production
coordinator with the help of design for manufacturing and request/order management. The
production coordinator will use the design for manufacturing system to generate suggestions
for feasible production orders (the production coordinator can also produce a production order
manually using specific tools) and will use the request/order management system to produce a
suitable production order (this could also be done by the production coordinator without support
of the request/order management system). A production order is specified by a sequence of
production steps. The production coordinator selects this production order as basis for the offer
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to the customer and will include additional information for the customer, for example the delivery
date.

If the content review is positive, the manufacturing company provides a corresponding offer to
the customer, including the applicable legal framework conditions, such as the time the
manufacturing company is bound to the offer. The production resources required for this
production order will be blocked for the planned periods in order to be able to meet the
obligations in the event of acceptance of the offer by the customer. In the negative case, the
manufacturing company will reject the request of the customer.

After receiving an offer, the customer decides whether to accept the offer or not. At least when
accepting the oiier, the customer notiie Ne manutacturing company and conciudes an
appropriate sales contract.

If the|terms and conditions of an offer expires, the production coordinator will-remoye the
blockg¢d periods of production capacities from the corresponding production résources with the
help of request/order management so that these periods can be now usedfor other popgsible
produgtion orders.

If the manufacturing company is commissioned by the customer, thé\production coordinatpr will
chande the status of the production order to “ordered”. In addition; the production coordinator
will ensure that all materials, intermediates and other resourcesdeeded for the execution|of the
produgtion order are available at the planned production date. so that production of the product
will bp smooth. It is the responsibility of the production ‘coordinator to initiate appropriate
measyires, such as the ordering of important materials™or intermediates, when preparing the
offer (see also 6.1.3 Outsourcing of production).

The spbsequent execution of the production and delivery of the product to the customen does
not differ fundamentally from “traditional®*production. Due to the individuality df the
manufactured products, however, it is considered that

o the customer is sufficiently informed about the current status of the production of the
prpduct.

e the production coordinator ds' supported by sufficiently powerful tools to monitoy and
sypervise the production(see also 6.1.2 Flexible scheduling and resource allocation.

e sgt-up processes and\ other processes, such as, for example, cleaning steps befween
different productiopn~orders, do not increase. This requires a possibly closer considegration
off such effects if production planning, see also 6.1.2 Flexible scheduling and resource
allocation.

6.1.1.p Expected change and impact

The upe case supposes a standardized and formal description of product orders and capabilities
of prqduction resources. Today, this degree of formalization typically applies only tq very
speci IC apphcations. n addition, powertul optimiZation algorithims wiltrbe Used 1or this purpose,
whereas today the tasks performed by these algorithms are mostly done manually.

Consequently, there will be a higher degree of automation of design for manufacturing and
request/order management and the solutions found by the algorithms are typically better than
solutions developed largely in a manual way. The use of algorithms can lead to a higher
utilization rate of production resources.

The algorithms are so powerful that these concepts also provide the basis for calculation of a
new solution in case of unexpected events within an acceptable time frame, see 6.1.2 Flexible
scheduling and resource allocation, and for increasing flexibility by using external production
resources, see 6.1.3 Outsourcing of production.
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6.1.1.7 Recommendations for standardization

Standardization of product orders: this includes the structure, the required technical and
economical properties and boundary conditions (for example, the identification, product
specification, price, delivery information, etc.), and the description of quality criteria and
assurances. A challenge is to find the right balance between the avoidance of lock-in effects of
a manufacturing company and the interest of a company to differentiate its own products.

Standardization of production orders: this includes the structure, the relationship between
requirements in the product order and assertions by the execution of the production steps,
properties, constraints and operating conditions of the affected production resources (for
exam i ilabiliti i i i state
of wear, etc.) as well as the documentation of a manufacturing of a product.

Standfardization of production capabilities of production resources: in addition to the coptent-
related description, the comparability of capabilities should be formulated. The challengg is to
find ap adequate level of abstraction, as the subject matter is extremely complex, see alsq 6.2.4
Standjardization of production technologies Use Case.

Standfardization of the basic architectures: this includes the interfacesiy{and interaction profocols
of dedign for manufacturing and request/order management.

Adaptiable production systems: it is recommended to examing to what extent existing standards
limit fhe flexibility of the future production systems, for example, transportable prodpction
resoufces, performing production steps while the productior production resources are mpving,
information model, interfaces and interaction protocol.of’'production resources, etc.

6.1.2 Flexible scheduling and resource allocation
6.1.2.1 Objective

A production coordinator wants to minimize downtime (outages) and optimize the usgge of
produgtion resources.

6.1.2.R Overview

Based on the current ayailability of production resources, materials, intermediates, etc.,
produgtion plans are coentinuously recalculated to optimize the usage of production resoulrces.
This is not restricted-to-manufacturing of individualized products, but is also generally applied
in themanufacturing of standardized or mass-produced products.

Becayse of unexpected events, such as an unplanned maintenance activity, rescheduling is

necegsary- This can affect a single but also several production orders and, in extreme gases,
can regsultsin the manufacturing company not being able to fulfill the guarantees contragtually
assurgdito th rch r. Thi lies not only to unexpect vent t also to planned

events, such as the planning of reconfiguration or maintenance activities that result in a request
for a rescheduling.

It is the responsibility of the manufacturing company or the production coordinator to ensure
the robustness of the production planning with the help of the request/order management.

6.1.2.3 Business context

Figure 8 illustrates the business roles involved in the use case “Flexible scheduling and
resource allocation”.


https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

- 30 - IEC TR 63283-2:2022 © IEC 2022

manufacturing
purchaser company

modified offer
‘% odified defivery h

non-physical value added process
physical value added process

Figure 8 — Business context of “Flexible scheduling and resource allocation”

6.1.2.4

Technical perspective

Figure 9 illustrates the human and technical roles involved in the use case “Flexible'schefuling

and rg¢source allocation”.
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9 — Technical perspective of “Flexible scheduling and resource allocatiop’

Interaction of roles

e Unexpected events regarding the product, for example, damage or not sufficient quality of
the produced product, so that rework or even a completely new production is necessary,

quality

or quantities of raw material are insufficient, etc.;

e Unexpected events during production, for example, damage of tools, parts, operating
materials or whole machine, human stopping of a production resource because of an
operating error to protect the production resource due to occupational safety issues, missing
parts from other production steps or from external suppliers, etc.;

e A planned event, for example, the planning of the reconfiguration of the production system

or the
resche

maintenance of a production resource. In this case it is also necessary to initiate a
duling, because of additional or reduced availability due to a planned reconfiguration,

or because of changed availability due to a planned maintenance activity.
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The production coordinator will determine alternative production orders for the production
orders affected by this event using the capabilities of design for manufacturing.

The ability to find alternative production orders depends on the basic flexibility of a production
system (for example, existence of universal production resources), on the availability of
alternative production resources that can take over the task of a production resource that is no
longer available, and on available buffers (for example, flexibility of the delivery date, basically
scheduled buffers for setup activities or material stocks, etc.), but also on the production order
itself (for example, need for specific production resources to execute the production order).

With the help of request/order management, the production coordinator will then determine new
produftion orders accordingly. This can lead to rescheduling o production orders, which were
not affected by the event, because otherwise no alternative can be found®.

If no|alternative production order is found despite consideration of all possibilities, the
produgtion coordinator can try to find a solution by outsourcing individual production ste¢ps or
the entire production order, see 6.1.3 Outsourcing of production.

If an alternative production order has been found, the production coafdinator will appropriately
document this rescheduling and execute the production following the' new plan and boundary
condifions. Typically, the production coordinator will inform the cdstomer if, from the custgmer's
point jof view, there has been a significant change to a production order, for example,|if the
recalqulation results in a delay in delivery.

In exfreme cases, this can lead to the manufacturing_company not being able to fulfjll the
guarahtees contractually assured to the customer. This can affect both an offer and an acgepted
produgtion order. In individual cases, the manufacturing company will probably try to ekplain
the upexpected situation to the customer and-negotiate a mutually agreed solution with the
customer.

In extfeme cases, it is conceivable that.the entire recalculation and scheduling process runs
fully automatically and the productien coordinator only intervenes manually in exceptional
cases|.

6.1.2.6 Expected change and impact

See 6].1.1 Manufacturingsef*individualized products.

6.1.2.]7 Recommendations for standardization

In addition tothe recommendations mentioned in the context of standardization of prodfiction
order|in usexcase “Manufacturing of individualized products”, the possibility of priorjtizing
produgtion_orders should be considered.

Manufacturing change management: it is recommended to examine to what extent existing
standards consider the future requirements of manufacturing change management, especially
for adaptable production systems, for example, documentation issues, complexity of
rescheduling algorithms, etc.

5 It is noted that a rescheduling of already existing production orders is usually also carried out in the use case

“Manufacturing of individualized products”.
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6.1.3 Outsourcing of production
6.1.3.1 Objective

A manufacturing company wants to cooperate globally between own factories to improve the
efficiency of operations.

The manufacturing company wants to cooperate globally with external suppliers or wants to act
as an external supplier in a very flexible and adaptable way to improve the efficiency of
operations.

6.1.3.2—Overview

This Use case is a supplement to the use case “Manufacturing of individualized products”, where
a manpufacturing company can supplement its own production capabilities or capacities by
integrpting a manufacturing service provider acting on the market. This can be ‘applied both in
terms|of capacity, such as addressing demand peaks, as well as capability issUes, such as the
need for a highly individual production capability. It is also applicable to optimize the prodluction
capalhilities within a company that are available across different locations-and are not yet fightly
integrpted, or in case of occasional production problems. In extremg)cases, this concept can
even be applied to outsource the entire production.

The afditional role of a broker for production services can be implemented by the purchaser or
by the supplier or by a business role in its own right. In thescase of an independent buginess
role, fhe business relationship between purchaser and supplier brokered by the broker will be
based on a legal frame contract provided by the brokef. Regarding the kind of services offered
by thg broker, various examples are conceivable, for €xample merely a brokerage of a product
order [or the takeover of the design for manufacturing and a brokerage of production ordgrs.

From fthe perspective of the manufacturing service provider, this use case helps to gain market
access via the broker. On the other hand,the more formal the execution is via the brokgr, the
easief it is to compare and substitute thedmanufacturing service provider.

It is npted that inter-facility logistics*between the supplier and the purchaser as addresged by
the ude case “Inter-facility logistics” is considered as integral part of this use case.

6.1.3.3 Business context

”

Figurg 10 illustrates the-business roles involved in the use case “Outsourcing of production”.

Figure 10 — Business context of “Outsourcing of production”

6.1.3.4 Technical perspective

Figure 11 illustrates the human and technical roles involved in the use case “Outsourcing of
production”.
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ntly than the business roles shown in the business context. From a technical pq
the interaction principle of the roles is always the same, but due to different con
aries, this can have an impact on thesinterface to the roles on the non-functiona

ivable:

e broker mediates between praduct orders, so the purchaser requires a product acc
some structure and the supplier delivers a product according to this structure.

e broker mediates between production orders, so the purchaser requires prod
cording to a sequence of production steps and the supplier delivers production acc
that production order.

e broker takes~gver the design for manufacturing, so the purchaser asks for a pr
cording to some structure, the broker generates potential production order to produ
pduct andAooks for a supplier that produces according to such a sequence of prod

BDS.

hrding/offboarding of a supplier: The supplier registers at the broker and thereby ag
Isframe contract specified by the broker. Depending on the business model of the b

FC

5 use case, the roles represented in the technical perspective can be implemented

int of
hpany
side,
er are

brding
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oduct
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cepts
roker,

regist

of the onboarding supplier’'s production capabilities.

dalion payments are cnarged. During tne redgistration, the Droker can pertorm an an

alysis

This could include a systematical

assessment of factors such as risks for continuous reliable supply, financial stability and many
other factors that are currently performed during supplier development. Conceptually, the
supplier will not publish the own production capabilities and capacities, but it is conceivable
that the supplier will specify which requests are received from the broker. Since from the
perspective of the supplier, highly sensitive classified information is exchanged as part of the
mediation — for example offer information, which could enable conclusions to be drawn on
capacity utilization — such legal frame contracts pay special attention to the aspect of data
usage rights. As soon as a supplier deregisters, the broker will not consider the supplier for

future

requests.
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Onboarding/offboarding of a purchaser: The purchaser registers at the broker to be able to
submit requests to the broker and, thereby, accepts a legal frame contract specified by the
broker. Depending on the business model of the broker, registration payments are charged.
With a request, sensitive information can also be published from the purchaser's point of view.
For example, it would be possible to draw conclusions about market demand for the purchaser’s
products.

Purchaser forwards a request to the broker: The broker distributes the request to all suppliers
who are interested in this request. Depending on the business model, the broker can treat the
various suppliers differently, for example, if the broker differentiates between “premium” and
“standard” suppliers. The requested suppliers have the possibility to make an offer within a

iven nariaod—Thae broker collecte thae ciithmittad aoffare carte tham by cama awn oritar and
g eriod—The-broker—colects—the-submitted-offers—soris—themby-some—own—criteria,

forwafds to the requesting purchaser the best offers from the own point of view.

The internal creation of an offer by the supplier is carried out as described in\the useg case
“Manyfacturing of individualized products”. The supplier tries to create the offer by automated
means in order to be able to deal with an expected large number of inquirié€s,-or to be aple to
concgntrate on the best queries from the own point of view. At leasththe supplier trjes to
autonjatically ignore requests that cannot be accepted due to lack of praduction capabilifies or
capadities.

The purchaser selects the best offer from the submitted offefs and submits an order fo the
corregponding supplier. The subsequent process at the supplier side also takes plage as
described in the use case “Manufacturing of individualized products”.

If due|to unexpected events, see 6.1.2 Flexible scheduling and resource allocation, a supplier
canndt comply to the own offer, the broker can trysshort-term remedies — following the|[same
procefdures — to identify an alternative supplier.

The pprchaser will pay for the delivered praduct. The actual cash flow depends on the buginess
mode| of the broker, for example, direct d¢ransfer to the supplier or indirectly via the broker. In
additipn, depending on the business maodel of the broker, further payments are charged| such
as feqs for a successful mediation.

The broker can offer additiomak'services to the design for manufacturing services. Examples
include logistics services, optimization services with respect to the various offerings of different
suppliers or quality assurance services with respect to the delivered product. Such servicgs are
integrpted appropriately )in the interaction. Typically, these services will probably be exgcuted
automatically. Here,\the broker will certainly find a balance between universal serviced for a
broad|market and:.spécific services for a dedicated market segment.

6.1.3.6 Expected change and impact

The upgCase describes a broker, which is universally applicable to any production technplogy.
TOda), Duuh blulr\clo cl\;ot uu:y fUI opcu;ﬂu |||cu|r\ct DCHIIICIItO, f\.u c/\alllp:c, f\.n ohcct metal

processing, PCB assembly or additive manufacturing.

Such a broker as an independent business stakeholder in the market has the following
fundamental effects on value added processes:

e Automated negotiations with potential suppliers open up greater market access for the
supplier and easier integration of the supplier into the purchaser's supply chain.

e The typically deep integration of production design, production system planning and
engineering is decoupled via the design for manufacturing capability offered by the broker,
so that the strategic discussion about one’s own core competence in terms of product design
versus production technologies becomes more important for manufacturing companies.
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6.1.3.7 Recommendations for standardization

The recommendations for standardization mentioned in the context of the use case
“‘Manufacturing of individualized products” can also be derived from this use case.

To make the onboarding of supplier and purchaser to a broker as simple as possible, the
negotiation protocols and interaction mechanisms between broker and supplier or purchaser
should be standardized.

Standardization of the content of the additional services that add value to the supplier or
purchaser in the context of this use case, for example, to increase the incentive, should be
Offere } II.Jy tiIG IL.JIUIr\GI Ul T©VCTl dIIUt;IGI ;IIUIGPGIIUIUIIt ;JUD;IIUDE IUiU.

Since|highly sensitive information are provided and exchanged during negotiations.fronp both
the sypplier's and purchaser’s perspective, quality criteria should be defined forrthe’undgrlying
legal frame contracts. However, it remains to be observed which business models for a broker
will prlevail on the market in the long term.

6.1.4 Engineering of design for manufacturing and request/order-management
6.1.4.1 Objective

A progluction system architect is supported by engineering teols“and optimization algorithms in
the development of designs for manufacturing and a request/order management fpr an
adapthble production system.

6.1.4.2 Overview

The design for manufacturing and the request/erder management are the core capabilitigs that
are pgstulated in the use cases “Manufacturing of individualized products”, “Flexible schefluling
and rgsource allocation”, and “Outsourcingrof production”. This use case describes how|these
core ¢apabilities are developed and therefore complements the use case “Modularizatjon of
produgtion systems”, which describes how to set up and manage an adaptable prodpction
system.

The approach assumes that the design for manufacturing and the request/order manag¢ment
are both based on a “universal core”. In the broadest sense, these are specific optimigation
algorithms that are provided by a software application supplier. On the one hand, the
optimization algorithms-is configured regarding the concrete underlying adaptable prodpction
system and, on the.other hand, regarding the concrete optimization goals. Conceptually, these
are two different ‘Configuration approaches. Integration into a common engineering tpoling
envirgnment is'conceivable, but is not emphasized here.

The a m is-to execute the de3|gn for manufacturmg and the request/order management as far
lance
between the degree of automation and the breadth of appl|cat|ons Ultimately, the market will
determine to what extent the described approach can be implemented technically and
economically.

Production resources are expected to provide their production capabilities and capacities to the
design for manufacturing and to the request/order management in a standardized manner.

6.1.4.3 Business context

Figure 12 illustrates the business roles involved in the use case “Engineering of design for
manufacturing and request/order management”.
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Figure 12 — Business context of “Engineering of design for manufacturing and
request/order management”

6.1.4.4 Technical perspective

Figurg 13 illustrates the human and technical roles involved in the use casé-‘Engineerjing of
desigh for manufacturing and request/order management”.
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dure 13 — Technical perspective of “Engineering of design for manufacturing gnd
request/order management”

6.1.4.6 Interaction’ of roles

The spftware developer develops core capabilities of the design for manufacturing: For algiven
produgt order).the design for manufacturing generates potential production orders, all of which
can be executed, in principle, by the underlying adaptable production system. For this pufpose,
the production order is transformed into a sequence of individual production steps, w
cach ; o . .
ensured that the execution of the various production steps in their logical and temporal order is
possible by means of the adaptable production systems. In order to enable a higher-level
optimization, the degrees of freedom possible for this generation are considered.

Possible degrees of freedom are:

e A product order can be implemented by different sequences of production steps. If, for
example, a sheet with two holes is required, it often does not matter which of the two holes
is produced first.

¢ In the adaptable production system, several production resources with the same capabilities
can be available, so that different assignments with regards to the individual production
steps are possible.

e Required product characteristics can be generated by different production capabilities. For
example, the two holes required in the sheet could be drilled or punched.
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The software developer develops core capabilities of the request/order management: Based on
the adaptable production system, the request/order management decides whether a given
production order can be implemented at all regarding its capacities within the required boundary
conditions. For this purpose, the availability calendars of the affected production resources are
duly synchronized and a common time slot is found in which the production resources can
execute the production order. Similarly, to enable a higher-level optimization, the possible
degrees of freedom are explicitly specified so that alternative production orders can be
determined in case of re-planning at a later time, for example due to a new order or the
unplanned downtime of a production resource.

The productlon system englneermg tooI prowdes conflguratlon |nformat|on of the adaptable

chande, for example as described in the use case “Modularization of production system ", the
produgtion system engineering tool will automatically make the updated information,available.

The spftware developer and the respective production system architect configure the design for
manufacturing and the request/order management: This configuration information can bg used
to paftametrize the concrete optimization strategies of the design for ‘manufacturing and the
requept/order management. These are primarily higher-level aspects that can be largely
determined independently of the actual production resources. Due: to the complexity of the
optimjzation algorithms, it is quite conceivable that dedicated _khowledge from the supplier of
the cxre capabilities of the design for manufacturing and thevrequest/order management is
considlered for this configuration.

Testirlg of configured design for the manufacturing’and request/order management: These
overall capabilities are complex and are carefullytested and debugged for correctness and
stability. This is certainly a key challenge regarding the implementation of this use case. One
aspedt of this is the transparency of the genefated solutions for persons. Since persons will
often remain the last authority to overrule decisions of the design for manufacturing and the
requept/order management, they need dappropriate means to interact with these complex
capalilities.

6.1.4. Expected change and.impact

The use case supposes genéric design for the manufacturing and request/order managément
capalfilities that effectively assist persons executing these tasks. It is conceivable that within a
specific scope the designifor the manufacturing and the request/order management cpn be
executed even in anautomatic way. Today, the design for manufacturing is usually an prder-
independent task in the development of the product portfolio, while the use case assumgs that
a spegific design,for'manufacturing is applied for each product order.

Consgquently; this use case opens up the optimal exploitation of the adaptability (and thup also
flexibility)'of a production system, especially regarding a non-pre-designed product portfolio, as
is curfently the case with manufacturing service provider, for example.

6.1.4.7 Recommendations for standardization

From this use case the recommendations for standardization mentioned in the context of the
use cases “Manufacturing of individualized products” and “Modularization of production
systems” can also be derived.

In order to be able to automate the design for manufacturing as far as possible, a formalization
and standardization of capabilities of production resources is an essential prerequisite,
especially an information model is needed to describe production (and further) capabilities by
properties and classes. This particularly concerns the formalization to which extent a production
capability can guarantee the required product quality criteria. See also 6.2.4 Standardization of
production technologies.
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Based on a standardization of the calendars with availabilities of the production resources the
request/order management can be automated as far as possible. Standardized concepts for
describing the degree of freedom to reschedule effectively in the event of changes are of central
importance in this case.

Based on a standardization of the overall layout of adaptable production systems the
configuration of the design for manufacturing and the request/order management can be
focused on the parametrization of the core capabilities.

6.1.5 Intra-facility logistics
6.1.5.—©Objective

A progluction coordinator wants to transport materials, products, and tools within a(prodpction
systefn and to use storage capabilities of the production system in an efficient way.

6.1.5.R Overview

The iptroduction of an adaptable production system due to the indreasingly requesits for
individgualized products brings with it the demand for adaptable intra<acility logistics.

Focuging on the manufacturing industry, the intra-facility logistics can be considered| as a
special case of production. Thus, transportation and storage. resources are special production
resoufces, and therefore the use cases “Manufactufing of individualized products”,
“Modylarization of production systems” and “Flexible seheduling and resource allocation” can
be conceptually applied to implement adaptable intra-faecility logistics. It is noted, however, that
intra-flacility logistics is considered an integral part.of the production system.

The operall objective of intra-facility logistics is.the planning and control of an efficient, effective
flow apd storage of goods and services between the point of origin and the point of consumption.
Efficigncy will result in optimal use of the-available resources and effectiveness will result in
delivering on what is committed, for example, price, quality, response time, flexibility. Key
decisipns include the warehouse design, the setup of the stock keeping units, and the| used
equipment and technology.

In adqptable logistics systems,/ destinations and routes can be changed during transporfation,
for example in case oft.an unexpected event or a changed production order. Present
technplogies to transport'goods in manufacturing are, for example, autonomous guided vehicles
or robjots. These (autonomous) technologies are subject to safety constraints and follow safety
constraints.

Due t¢ these.considerations, the recommendations for standardization from the use case {Intra-
facility logistics” are similar to the recommendations derived from the use cases “Manufacturing
of indjvidualized products”, “Modularization of production systems”, and “Flexible schegduling
andr ion” It isti pasier
to implement, since typically pure logistics capabilities are less complex than production

capabilities.

6.1.5.3 Business context

Figure 14 illustrates the business roles involved in the use case “Intra-facility logistics”.
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Figure 14 — Business context of “Intra-facility logistics”

6.1.5.|4 Technical perspective

Figurg 15 illustrates the human and technical roles involved in the use case “Intra-facility

logistics”.
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Figure 15 — Technical perspective of “Intra-facility logistics”

6.1.5.p Interaction of roles

This use case extends the use case “Flexible scheduling and resource allocation” by
additionally addressing the intra-facility concerns in the design for manufacturing and the
request/order management. Nevertheless, the interaction of roles in this use case are in
principle the same as in the use case “Flexible scheduling and resource allocation”.

6.1.5.6 Expected change and impact

If focusing solely on intra-facility logistics, no new concepts are described in this use case. In
general, high-performance intra-facility logistics has been already implemented today based on
existing concepts and solutions.
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6.1.5.7 Recommendations for standardization

Regarding the already mentioned recommendations for standardization in the use cases
“Manufacturing of individualized products”, “Modularization of production systems” and
“Flexible scheduling and resource allocation”, the following specializations result:

e standardization of interfaces of transportation, storage or production resources describing
how products can be delivered (drop-off) or received (pick-up) so that goods and information
can be exchanged (examples of information in addition to sources and destinations to be
standardized are requirements for vibration, orientation, size, weight, temperature or
hazardous information);

° st ndardization-aof idantification of axact enatial lacation-
prR-ea-eAaHeR—-o+—ae8hRHHEaHOR—-o+EXaet+Spatar—e6atHoh

o standardization of maps and navigation systems helping to find optimal routes.

From ja strategic point of view, it should be considered to what extent standardization actjvities
in logistics are decoupled from the original standardization activities in produetion, since [faster
resultp can be expected due to the lower complexity of logistics capabilities

6.1.6 Decision support for product configuration
6.1.6.[1 Objective

A manufacturing company wants to support its customers during the product configuration so
that cistomers order configured products appropriately.

6.1.6.R Overview

This Yse case is based on a product configuration\fool that a manufacturing company prgvides
to its jcustomers for configuring and ordering its, products. The focus in this use case ig on a
produgt that can be combined from many relatively loosely coupled sub-systems, such [as an
automation system consisting of various.devices and communication components. This use
case |s less applicable to complex integrated systems such as a car or a specific prodiction
machine.

There| are typically mandatory./ooundary conditions that are followed when combining the
indivigual sub-systems to form® an overall system. In addition, there are usually add|tional
recommendations regarding such a combination, for example, such as the redundant dedign of
an ovprall system, which:is under the responsibility of the customer. Such recommendations
are cqmplex and are usually documented today in the corresponding manuals for the progucts.

In thg use caseg).the order data specified by a customer is analyzed regarding the pfoduct
configured by(the customer. This analysis is based, on the one hand, on the configuration model
for the product and, on the other hand, on the specific orders, repeat orders and complaints
from the’past, in order to provide the customer with information about a current order, for
example,1to possibly add supplementary aspects to the order. T

The configuration and ordering by a customer as part of this use case is independent of the
strategy applied by the manufacturing company to process the orders, such as make to order,
assemble to order or make to stock.

The focus of this use case is on the analysis of the order information. This information is
enriched with information about the specific customer, for example, his specific orders, reorders
or returns, and be linked to service information obtained from the application of the products,
see also the use case “Feedback loops”.

6.1.6.3 Business context

Figure 16 illustrates the business roles involved in the use case “Decision support for product
configuration”.
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Figure 16 — Business context of “Decision support for product configuration”

6.1.6.44 Technical perspective

Figurg 17 illustrates the human and technical roles involved in the use case “Decision syipport
for product configuration”.
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X chine
learning methods, the data scientist prepares and trains a pred|ct|on model. The data scientist
also integrates the configuration model of the product series in an appropriate way into the
prediction model. Based on initially available data, for example, based on the previous orders
by customers, the prediction model is trained until a maturity of the prediction model is achieved.
As a results, this can be used to suggest recommendations to a customer configuring a product
order using the product order configuration tool.

The software developer develops a prediction model execution and integrates it: The software
developer uses the prediction model provided by the data scientist and integrates an execution
of this prediction model in the context of the overall product order configuration system of a
manufacturing company, especially considering data provided by a product order configuration
tool.
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The prediction model is executed while a customer configures a product order using the product
order configuration tool. The execution of the prediction model performs the following tasks:

e Suggestions of recommendations to a customer using the product order configuration tool.
A distinction is made between product configurations, which the manufacturing company
prescribes in a mandatory way and product configurations, where the manufacturing
company only makes recommendations, but the ultimate responsibility then lies with the
customer.

e Collection of data from usage of the product order configuration tool possibly combined with
additional information about the customer, for example previous orders, reorders, returns,
complaints or experience level of the customer with respect to the product.

The (Jata scientist optimizes the prediction model: Based on the usage of the product|order
configuration tool and the reaction of the prediction model execution, the data, \sc|entist
optimjzes the prediction model. At some point in time, the data scientist provides'the software
develpper an update of the prediction model from which the software developer, in| turn,
generptes an update of the prediction model execution.

The spftware developer provides an update of the prediction model execution: The integration
of sugh an update is feedback-free, without affecting the usage-of the product |order
configuration tool by a customer.

6.1.6.p Expected change and impact
This Use case supposes novel algorithms from the field-of machine learning. The performance

and alailability of such algorithms are continuously incteasing as part of the current dyhamic
technplogical development.

The vplue proposition of this use case is improved decision support capabilities.

6.1.6.f7 Recommendations for standardization

Standpardization of concepts to describe options for configuring products, for example, vatiants,
optiorls or restrictions for combining product properties, or constituent elements of a product.

6.2 |Use case cluster “Adaptable factory”
6.2.1 Modularization of production systems
6.2.1.1 Objective

A mgnufacturing company wants to setup an adaptable production system basgd on

interchangeable production resources to better react on changing the purchaser’s resppctive
markgt deémands.

6.2.1.2 Overview

The purchaser increasingly requires individualized products so that manufacturing companies
have to offer an increasing number of products or product variants and shorten their time-to-
market (both in the sense of shorter innovation cycles of products as well as shorter reaction
to purchaser inquiries). Therefore, production systems are reconfigured more often, which
requires adaptable production systems.

Typically, different manufacturing companies use different production resources from various
production resource suppliers, as well as different control systems from control system
suppliers. This leads to more individual integration efforts, which becomes more significant the
more frequently the production systems are rebuilt and reconfigured.
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This use case postulates universally usable production resources, which can be easily
reconfigured or interchanged to create different production setups. For this purpose, interface
descriptions of production resources are standardized, especially with respect to control system
integration. This use case is not about “fully automated” plug and produce, but about the
standardized process control system integration into a uniform “basic infrastructure”. Because
of such unified production resource interface descriptions, engineering and manufacturing-
process management get much more efficient.

While there are standards at the communication level that pursue a similar goal, this use case
addresses the machine level too. This approach is being promoted in the process industry under
the term “module type package (MTP)” according to 65E/663/NP (IEC 63280), see [4]. This use

case ie—an-anablar forthe tca caca “Manufacturina of individuslizad nradiicte”
cH-eHaore 1o+t a5 e—vrahu et RGO e rauatteaproadets

6.2.1.3 Business context

”

FigurL18 illustrates the business roles involved in the use case “Modularizationlof prodliction

systems”.
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Figure 18 — Business context.of “Modularization of production systems”

6.2.1.4 Technical perspective

Figure 19 illustrates the humanyand technical roles involved in the use case “Modularizafion of
produgtion systems”.
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Figure 19 — Technical perspective of “Modularization of production systems”
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6.2.1.5 Interaction of roles

The interaction of roles includes a development of a model series, which will follow the same
process and methodologies as today. The supplier only considers requirements and
specifications defined by a standardized interface description for production resources.

The supplier of a production resource publishes the interface of the production resource
compliant to the standard: Regarding the standardized interface description, the production
resource can be considered as a “black box”. In particular, the following characteristics of the
production resource are defined or made accessible via the standardized interface description:

e connection ports regarding material, energy and information;

e cdpabilities for parameterization;
e logical interfaces for information exchange;

e grpphical representation of information about the production resource ina superordiinate
sdreen for the operator of the production resource.

It is donceivable that other aspects of production resources will be unified via the stapdard.
Examples include technological capabilities, requests for maintenances-rules for configuration,
and pfocedures for selection according to given requirements, modéelhof internal states or model
of thelunderlying technological process.

The production system architect designs the overall layout 6f'the adaptable production system
using|a production system engineering tool: The productien system architect will create a|block
flow diagram. Each block in the block flow diagram represents requirements regarding a certain
procegs step of the adaptable production system, for example, the input and o¢utput
charagteristics. This provides a conceptual separation between the superordinate layout jof the
production system and the technical details cof the individual production resources [used.
Through this decoupling, it is then possibleto easily rebuild production systems by a¢dding,
replaging or removing production resources:y At some time, the production system architelct will
selecf and order a specific production resource for each block. For this purpose, the prodpction
systefn architect uses the published ‘interface description from the suppliers of prodfction
modules and will check to what extent the production resources offered by the supplierf meet
the rdquirements. Before ordering-each production resource, the production system arghitect
will rgview the overall layout including the selected production resources. By analogy, the
produgtion system architect also applies this approach if removing an existing prodpiction
resoufce or replacing it with another one.

The slpplier of a production resource produces and delivers the production resource complying
with the order reCeived from the production system architect: The production and delivefy will
follow| the same‘process and methodologies as today. The supplier of the production mgchine
will adlditionally’provide an interface description for the delivered production resource. Based
on this déscription, the delivered production resource will publish to the production regource
integrption layer.

Updating the production resource integration layer: It is assumed that the production resource
integration layer will be installed by a system integrator during initial installation. This concerns
the physical installation of hardware entities including the required system software and
integration from an application perspective into the overall adaptable production system. In
case of later update, due to the addition of new production resources or the removal, also
replacement, of existing production resources, it is conceivable that no specific system
integration competence is needed. By importing the supplied interface description via the
production system engineering tool, the setup of a new production resource — and analogously
also the reconfiguration of existing production resources — can be largely automated.

The setup and reconfiguration concerns:

o the establishing of the logical communication between the production resource and the
production resource integration layer;
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e the parameterization according to the parameter values delivered in the interface
description;

e the preparation of the superordinate screens for the operator of the production resource.

Configuration of the production resource integration layers with respect to application-specific
logic: The production system architect defines the logical relationships between the individual
production resources with the help of the production system engineering tool. Examples include
interlocking conditions between production resources or procedures when starting or stopping
the entire adaptable production system. The corresponding application-specific logic of the
production resource integration layer is automatically generated by appropriate capabilities of
the production system engineering tool.

Physigcal integration of the delivered production resource into the overall adaptable production
system: The system integrator places the delivered production resources at a sujtable |place
and cpnnects the production resources via pipes, cables, etc. with the physical+'backbone” of
the adaptable production system. Additionally, the system integrator connects/the prodpction
resoufce according to material, energy and information flow as it is specified/by the prodfiction
syste architect using the production system engineering tool.n-After the phlysical
commpunication connection has been established, the logical communication of the prodpction
resoufce with the production resource integration layer can take place:.

6.2.1.p Expected change and impact

The use case supposes a standard so that, on the one hand) the production resource supplier
provides standardized interface descriptions for their production resources and, on the|other
hand,|the supplier of production system engineeringd4ools and control systems supports [these
standards. Today such a standard is not established on the market.

Consequently, a part of the value added by the’system integrators will shift to the supplier of
produgtion resources. This will lead to more,modular production systems and, thus, improye the
adaptpbility of production systems.

6.2.1.f7 Recommendations for:standardization
Standardized interface descriptions for production resources concern the following aspegts:

e the connection ports regarding material, energy and information in the physical world}

e the logical interfaces) for information exchange based on a standardized description pf the
urlderlying semantics and interaction mechanism;

e the capabilities' for parameterization of production resources based on a standardized
dgscription of the underlying “black box” model of the considered production resource¢ as a
bgsis for-vendor-independent production system engineering tools that especially {ffects
the interconnection of ports and the setting of parameter values;

e thek grnphirql rnprncnni‘nfinn of information about the prnrhmfinn resource in-a ellpnrnr'{inate

screen for the operator of the production resource based on a standardized description of
interactive graphical information displayed on a screen that includes the display of alarms
and messages;

e the standardization of the information that a production system engineering tool provides
for the individual production resources in order to be able to generate the application-
specific capabilities of the production resource integration layer in an automated manner as
far as possible. This also includes the subject of overall archiving capabilities. This
standardized information can also be made available to other applications, such as the
design for manufacturing or request/order management, in the sense of seamlessly
integrated production system engineering.

e Finally, it includes a standardized concept about multilingualism.
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Other concrete contents of a production resource can be standardized and be included in the
standardized interface description. Examples include technological capabilities, requests for
maintenance, rules for configuration, procedures for selection according to given requirements,
model of internal states or model of the underlying technological process.

Standardization of the overall layout of the adaptable production system: This is the basis for
an overall organization principle of engineering information about a production system.

Standardization of the production resource integration layer: This includes the architecture and
capabilities.

Standardization of the physical “backbone”: This addresses the connection and exchange of
materjal, energy, and information.

6.2.2 Reconfiguration of adaptable production systems
6.2.2. Objective

A manufacturing company wants to easily reconfigure its productionysystem due to changed
boundary conditions such as a changed customer or market requirements.

6.2.2.R Overview

This Yse case is a complementation to the use case “Modularization of production systems”, in
which| the preparation and upgrading of a production system with a view to gimple
reconfiguration is described. Therefore, this use case’ does not describe any reconfigurations
for which classic engineering processes of a produgtion system are generally required.

The tiigger for this use case comes from an _external source. This trigger can, for example, be
the repult of a tactical or strategic decision resulting from the use case “Support for tactical and
stratepic decision making”, but also the gesult of an operational decision as an insight from a

use cfse similar to “Flexible scheduling ‘and resource allocation”, “Outsourcing of production”
or “Optimization of operations”.

Regaiding reconfiguration, adistinction is made between the following two cases:

e Reconfiguration is thetuse of an existing production capability of a production resource in
arjother overall process flow, for example a recipe is changed.

e Reéconfiguration_ is“changing a production resource or production system. This can [affect
physical changes such as a physical reconfiguration of a production resource or the addition
or| removahof a production resource from the production system. This can also [affect
sdftware-changes.

This Wise/case only addresses the last case. The first case is addressed by the use| case

“ H - b £ s il
Optimizatiomof-operations*

The reconfiguration is usually planned by an employee of the manufacturing company, while
the design of the modularized production system in accordance with the use case
“Modularization of production systems” can also be executed by a production system architect
from an external company that offers appropriate engineering services. The preparation
regarding reconfiguration reduces both the effort for the reconfiguration and the requirements
for the skills for planning and carrying out the reconfiguration.

The use case also includes the case that a production resource is already owned by the
manufacturing company and does not have to be procured, but is not currently integrated into
the operation of the production system.

The reconfiguration carried out as part of this use case is registered in the asset management
system, see 6.3.1 Administration of assets.
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6.2.2.3 Business context

—47 —

Figure 20 illustrates the business roles involved in the use case “Reconfiguration of adaptable

production systems”.
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Figure 20 — Business context of “Reconfiguration of adaptable preduction syster

6.2.2.4 Technical perspective

Figure 21 illustrates the human and technical roles involved in‘the use case “Reconfigu

of adgptable production systems”.
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6.2.2.5 Interaction of roles

systems”

This use case complements the use case “Modularization of production systems”. Therefore,
only the extensions and differences to the corresponding section of the use case
“Modularization of production systems” are explained here regarding the interaction of roles.
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Usually, the production coordinator initiates the reconfiguration. After initiation, the adaptable
production system configurator plans the reconfiguration from a technical point of view and then
synchronizes with the production coordinator on a specific schedule.

In principle, the adaptable production system configurator acts in exactly the same way as the
production system architect in the use case “Modularization of production systems”. However,
in this case, the reconfiguration takes place in the context of the modular design of a production
system, so that the conversion is less complex than the original planning and construction of
the production system. Typically, the adaptable production system configurator belongs to the
manufacturing company, while the original planning and construction can have been carried out
by a third-party company. Because of the less complexity, the adaptable production system
configuraterean-only-beprovided-with-selectedfeatures—eftheprodustionsystem—engiheering

tool.

The rg¢configuration of the production system resource layer follows the same principles fas for
the uge case “Modularization of production systems”, where only the necessary changeq have
to be ponsidered.

The system integrator acts in the same way as in the use case “Modularization of prodpiction
systems”, except they only make the changes due to the reconfiguration.

6.2.2.p Expected change and impact

See use case “Modularization of production systems”, because the reconfiguration considered
in thi$ use case is based on the requirements created by the use case “Modularizat|on of
produgtion systems”.

6.2.2.f7 Recommendations for standardization

See use case “Modularization of production systems”, where the reconfiguration considefed in
this uUse case is based on the requirements created by the use case “Modularization of
produgtion systems”.

6.2.3 Migration to adaptableproduction systems
6.2.3./ Objective

A manufacturing company wants to migrate from an existing production system to an adaptable
produgtion system to-optimize production.

6.2.3.R Ovefyview

Regafding-the practical implementation of conceivable future use cases, securing the
investments’ of the manufacturing companies is important. Migration opportunities are typically
develpped following a step-by-step approach starting from an installed base of a manufacturing
company towards an adaptable production system. In this context, there are two different
interests and goals resulting from different kinds of production resource suppliers and
operators:

e The supplier of a production resource will usually sell the production resources satisfying a
published standardized interface description not only to manufacturing companies, who
want to operate an adaptable production system, but also to those who want to operate a
“traditional” production system.

e The operator of an adaptable production system also wants to integrate in the own
production system, production resources from manufacturing companies, who do not (yet)
offer a standardized interface description for their production resource.
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Regarding the first goal, it can be assumed that the standardized interface description is just
an add on. Therefore, in principle, the production resource can also be integrated into existing
production systems according to a “traditional” engineering process. It can be the case that
some of the additive features based on the standardized interface description — for example a
simplified engineering or a standardized visualization — cannot be used by the manufacturing
company or only with restrictions. Therefore, this goal will not be considered further here.

This use case assumes that someone who operates independently of the production resource
supplier develops a standardized interface description and possibly other required capabilities
of the production resource and, finally, makes these results accessible to the overall business
processes of the manufacturing company. It is ultimately the responsibility of the manufacturing

comp
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se case is a supplement to the use case “Modularization of production systéms”.

3 Business context

22 illustrates the business roles involved in the use case(*Migration to ada
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Figure 22 =<Business context of “Migration to adaptable production systems”

6.2.3.4 Technical perspective

Figure

23/illustrates the human and technical roles involved in the use case “Migrat
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Interaction of roles

ption is published, is similar to the workflow in the use case “Modularization of prod

rther capabilities are discussed below. Since the integration of production resourceg
al production system is independent of whether a standardized interface descriptig
published by the production resource supplier, the physical integration is als
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rce and the requirements provided by the manufacturing company with respect to int¢
the production résource, the software developer develops an overall concept and cl
asibility both with the supplier of the production resource and with the manufac
Any.
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veloped interface do not differ, as if the supplier of the production resource had pub
astandardized interface description. Only the concrete development is provid
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verall workflow with respect to the production‘resource, for which a standardized int¢rface
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The software developer provides additional capabilities for the production resource: Depending
on the scope of capabilities that are published in the standardized interface description,
additional capabilities are developed and provided appropriately by the software developer in
addition to the capabilities provided by the supplier of the production resource. Examples here
are the provision and management of an availability calendar or control entities for visualization
of the production resource. It can be that the computing capabilities provided by the production
resource are insufficient or the supplier of the production resource does not allow a change in
the software application of the delivered production resources. For this purpose, the software
developer uses the computing capabilities of the production resource integration layer and
deploys the capabilities, which are logically assigned to the production resource, on the

produ

ction resource integration layer.
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6.2.3.6 Expected change and impact

See 6.2.1 Modularization of production systems

6.2.3.7 Recommendations for standardization

In addition to the recommendations mentioned in the use case “Modularization of production
systems”, the mechanisms of publishing interfaces of production resources should be
standardized and open. Not only suppliers of production resources should be able to publish
such interfaces, but also other business stakeholders such as users of production resources or
independent service providers offering such interfaces. Then manufacturing companies can
define_i i i initi o the
produgtion resources suppliers. Consequently, they can organize their internal engin
operation and service processes based on their internal guidelines processes independent of
the cgqncrete delivered production resources.

6.2.4 Standardization of production technologies
6.2.4.1 Objective

A manufacturing company requires production resources that comply with semantically defined
produgtion capabilities in order to improve production efficiency and flexibility (for example, by
outsofircing or insourcing of production orders).

A prodluction resource supplier wants to offer production rescurces complying with semantically
defingd production capabilities, but also wants to be able to offer unique selling propositipns.

6.2.4.p Overview

A mapufacturing company requires interopgrability and easy integration of the prodpction
resoufces — typically provided by different, suppliers — used in the production systen]. The
manufacturing company even requires a@imple interchangeability of the production resofirces.
There!ore, the production resource suppliers often comply with certain standards, as a mirfimum
they agree within their industrial segment. Suppliers of production resources also want to
differgntiate themselves in the market through unique selling propositions of their prodfiction
resoufces.

The cpntent subject for standardization is very broad, ranging from a common agreemeént on
certaip product chardacteristics or commands such as switching on and off, or g¢neral
configuration options.of certain production resources such as the number and sort of axgs of a
machine tool up, te\an overall standardization of production capabilities per se.

The sfandardsCan be based on a layered architecture. For example, a standard on commands
could|be,applied widely to all production resources and, therefore, generally, could be uged as
a common basis. On top of this, extensions for individual industrial segments could be

developed. Fimally, a production resource suppier coutd use the same mechanisms and tools

to develop a further extension to formulate own unique selling propositions.

Several activities that implement parts of this are already observable on the market emphasizing
different topics. An example is the development of OPC-UA companion specifications in the
various branches of mechanical engineering. Typically, these activities are based on medium-
term development roadmaps.

There is no systematic, consistent, formalized description of production capabilities. Due to the
complexity of this topic, a total claim is probably not fully feasible even in the long term. An
initial approach like DIN 8580 [5] claims to name the production processes in discrete
manufacturing and to describe their effects. However, the current degree of formalization is not
yet enough to cover use cases such as “Manufacturing of individualized products” or
“Outsourcing of production”.
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This use case is an enabler for the use cases “Manufacturing of individualized products”,
“Flexible scheduling and resource allocation”, and “Outsourcing of production”, especially with
respect to the general and overarching topic of production capabilities. This use case supports
the use case “Modularization of production systems”.

6.2.4.3 Business context

Figure 24 illustrates the business roles involved in the use case “Standardization of production
technologies”.
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Figure 24 — Business context of “Standardization of production technologies’

6.2.4.4 Technical perspective

Figurg 25 illustrates the human and technical roles involved in the use case “Standardization
of production technologies”.
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Figure 25 — Technical perspective of “Standardization of production technologies”

6.2.4.5 Interaction of roles

The overall workflow corresponds to how this is implemented in practice today, so this process
is outlined here only briefly. The real challenge will be to identify the right content for
standardization, where the effort for development are adequately related to the generated
benefits:

e Standardization body develops reference frame under participation of the affected
development communities and makes it available.


https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

IEC TR 63283-2:2022 © |IEC 2022 - 53 -

Development communities, for example, an industrial segment such as the supplier of
machine tools, develop — based on the reference frame — a common application frame,
define the common properties and the processes which is followed. They are supported by
the development departments of the affected companies.

Production resource developer develops the production resource guided by the
specifications provided by the development organization.

Production resource developer tests compliance of the delivered production resources with
respect to a standard: Especially for suppliers of production resources, many engineering
activities today are order-dependent and many of the customer specific features of a production
resource are only tested during commissioning. Depending on the level of content defined by a

pu | alits £ pu | 4 H L pu | 1 pu | ol
stand o —capatttteS—or—a—progucton—resource—are—mereasmogry—aeveropea—ana ested

indepgendent of an order.

6.2.4.p Expected change and impact

The yse case supposes a standardization of production technologies. Today there |is no
syste;lnatic, consistent, formalized description of production capabilities,” although various
i

activi

es can be observed on the market in selected branches, such as mechanical engineering.

This yse case is the prerequisite for the implementation of the use cases “Manufacturjng of
indivigualized products”, “Flexible scheduling and resource allocation”, and “Outsourcjng of

produgtion”.

6.2.4.7 Recommendations for standardization

The developed standards should also be availablexin machine-readable form and be poftable
and igterpretable by engineering tools and software applications to support effectiveng¢ss in

applidation.

Concerning the production capabilities,. formalized descriptions should be standardized fpr the

followjng aspects:

prpduct characteristics, including quality requirements, for example, the shape of a Hole in
a sheet, including the required tolerances or specific company own, or external industrial
standards body or regulatory engineering specification and standards;

material properties, for\example the material of the sheet to be processed,;

prpduction characteristics, including assurances of the result of the prodyction
cHaracteristicspfaor'example, drilling, punching, or milling, including guaranteed tolergnces;

dgscription.&of the physical environment conditions to be considered, for exgmple,
temperature, pressure, or humidity;

dgscription of the method of manufacture requirements for the tools to be used, for exgmple,
thpumaterial of the drill or milling head to be used or even a specific production resource
series, along with operator possible specific sKills or trained need or even certification (as
per produced and supplied when purchased or periodic capability testing calibration) and
testing of the tools or production resource utilized;

description of the required production resource capabilities and the overall production path,
for example, speed, feed rate, pressure or the distance to the successor production
resource, this could also include pre-authored exact CNC G-Code, PLC code, robot program
or recipe variable file to produce a component or batch;

criteria for evaluating different production capabilities with respect to a given product
characteristic, for example, a comparison of the extent to which drilling or punching a hole
in a metal sheet is better suited;
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standardized compliance information regarding the product and process specification for
the product to be manufactured, for example, process key process variable data and
production resource information, which should be collected for evidence, quality, and
traceability purposes whether for internal uses or for regulatory demands. This also extends
to exact data format and contractual requirements considering supply chain management
and transparency.

Note that the examples are not focused on mechanical processes, even if this is suggested by
the icons and the use of the term manufacturing. For process automation it is already possible
to describe ambient conditions using for example IEC 61987 — Common Data Dictionary. STEP
and other initiatives from the Oil and Gas industry also go a long way to describing the
equipment and processes involved.

6.2.5 Adaptable robot cells
6.2.5.1 Objective

A manufacturing company wants to optimize the production process by using-robots.

6.2.5.R Overview

In the|wide field of robotics this use case focuses on the following setup:

Robots in an assembly or test cells are considered. A typical robot cell is characteriZed by
sgveral collaborating robots, each equipped with a specific gripper and specific sepsors,
arld typically vision systems for object detection.

Usually the robot cell is closely integrated into.thé overall production flow in the confext of
prpduction planning and production control as‘well as into the supply chain regarding the
materials and intermediate products supplied.

Often the robot cell is flexible so that it\can be easily reconfigured when manufagturing
arjother product or changing the manufacturing process, without any need for an external
sylstem integrator. This reconfiguration also affects the robot, including the grippgr and
sgnsors. In this respect, a robot eell is able to be re-engineered beyond a specific rapge of
tapks defined in advance.

In adqition to the setup described above, there are other areas of application for robotids that

are ngt addressed by this use case:

Standard industrial robots, for example, for welding or painting: In the manufacturing
ingdustry, the largest inventory of robots with a long experience of use is currently folind in
sych application” areas. The innovation is mainly driven by the large robot supplier
cdmpanies..The capabilities of the robots are integrated into the application via system
infegrators.

Lgw end collaborative robots, so-called cobots: Typically, these robots are not programmed,
byttadght, and no complicated sensors are used. Often the cobots are used for stand{alone
applications such as loading or unloading. Most tasks currently performed by human
assistants are supported or taken over by the cobots. In this respect, there is only a loose
integration into the overall production process. Possible industrial applications based on
cobots are currently in a development phase.

Autonomous mobile robots: These are applications in the area of intra-facility logistics. This
aspect is addressed by the use case “Intra-facility logistics”.

The business and technical environment of the considered robot cells is influenced by the
following developments:

Sensors, especially cameras, grippers and robots, but possibly also an intelligent evaluation
of the sensor data, especially object recognition in images, are provided by different
companies and are subject to different innovation cycles.
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e The intelligent recognition of objects in pictures is the subject of innovations driven by
computer vision technologies.

e The coordination of several robots and the integration of a robot cell in the overall production
process is the subject of innovations driven by autonomous systems technologies.

From a user perspective, the core challenges for the robot cells under consideration are:

e Reduction of the effort for system integration. This affects both the various components and
subsystems such as robots, grippers and sensors as well as the integration into the overall
production process.

e The need for a simple and safe conversion of the cell due to changes in the product or
prpduction process.

e Mastering the complexity of a cell by the user resulting from the integration/of new
tephnologies into the cell. This also includes, for example, the topic of security, see use
cgdses “Cyber security infrastructure and setup”, “Cyber security managemeni and
maintenance”, and “Engineering for cyber security”.

e Considering the individual level of education of the various users. This'applies to the system
integrator for the first integration, the operator of the cell for the operation of the cell, and
the specialist who can convert a cell due to changing boundary,conditions. Typically, [these
sfecialists are employees of the company that operates the cell.

The operation of the robot cell is not considered in this use case’

6.2.5.3 Business context

Figurg 26 illustrates the business roles involved in«the'use case “Adaptable robot cells”.
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Figure 26 — Business context of “Adaptable robot cells”

6.2.5.4 Technical perspective

Figure 27 illustrates the human and technical roles involved in the use case “Adaptable robot
cells”.
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Figure 27 — Technical perspective of “Adaptable robot cells”

6.2.5.p Interaction of roles

The rpbot cell architect designs the robot cell based on the requirements resulting fro
produgtion process. This is a typical engineering<task, where a solution concept is devg
and then implemented by integrating various sudpplied systems and components, espec
robot,|gripper, sensor and pattern recognition.*As part of these engineering activities, the
cell afchitect mainly determines the adaptability of the robot cell, i.e. in what form and td
extent the robot cell can be easily converted later. The robot cell architect uses a
engingering design tool that offers specific functions and features for the design of robo
for th¢se engineering tasks.

The system integrator assembles the robot cell according to the specifications of the rob
architect. This includes the: installation of the mechanical and electrical component
systems as well as the-installation of appropriate system software on the device that cg
the ropot cell.

In thid use case{ the robot cell architect and system integrator act in two roles: first for the
desigh and assembly of the robot cell, which can be executed by an external company

m the
loped
ally a
robot
what
robot
cells

bt cell
5 and
ntrols

initial
, and

then for thesconversion of an existing robot cell, which is typically executed by employ¢es of

the manUfacturing company that operates the robot cell. In principle, in both roles the

same

tasks |are’carried out. however. the dearee of freedom of action of the robot cell archite
system integrator are limited when converting a robot cell. Therefore, there are

tt and
lower

qualification requirements regarding the execution of the conversion tasks. The degree of
freedom regarding a conversion are essentially determined by the robot cell architect during

the initial design of the robot cell.

6.2.5.6 Expected change and impact

The use case supposes that the technologies on which the various components and systems of

a robot cell are based — in particular the intelligent functions — are constantly evolving

. This

affects both their performance and their costs, so that permanently new possibilities and/or
improved cost-benefit calculations arise due to the constantly changing boundary conditions.

Consequently, the use of robots increases driven by technological innovations.
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7 Recommendations for standardization

Following recommendations for standardization have been identified:

e standardized interfaces for gripping and image recognition, especially on a semantic level;

o standardized mechanisms regarding collaboration strategies (on different integration
levels), to integrate robotics easily into the overall production processes and workflows;

e homogeneous programming concepts including a standardized programming platform
architecture for robot cells;

e standardized compllance information regardlng the product and process specmcatlon for

C

robot
noses

whether for |nternal uses or for regulatory demands. Th|s also extends to exact data format
and contractual requirements considering supply chain management and transpareng

6.3
6.3.1
6.3.1

A ma
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6.3.1

Use case cluster “Management of assets”

Administration of assets

N Objective

hufacturing company wants to create added value through’an optimized asset U
lity and efficiency.

7] Overview

The gsset is a physical or logical entity owned:by or under the custodial duties

organ

jzation, having either a perceived or actualwalue to the organization so that the er

admirjistered through its life cycle.

The a
aggre

pated entity, for example, a production system or a production resource, moreover,

also He just a part, for example, a drive, a sensor, a pipe, or a cable. An asset can eithef

been

burchased or created internally.

By ggneration and provision“ef information, concerning the history and the predicted
behaior, decision making.can be supported. For example, the maintenance of the prod
system or the delivered products can be optimized. However, the maintenance of assets i

one a

spect in the context of asset management. Others include, for example, asset replac

or exganded asset'use.

There|are various categories of assets. Typically, assets related to product series are geng

Y.

sage,

of an
tity is

5set can be physical or non-physical{as an information entity). An asset can be a hjgher-

it can
have

future
Liction
s only
ement

during product design for example CAD models, test procedures or requirementspecific

Durin
examj

productlon order related assets are typ|cally generated for example productlon order orders
from suppliers or the final manufactured products. In addition to the technical assets considered
here, there are other assets, for example, defined from a strategic, commercial or sales

persp

ective of a manufacturing company.

It is a good practice to structure and organize the information management within a company
in an asset-oriented way. In this use case, a logical view of asset management is taken. The
deployment of asset information, for example, on the asset itself or on a higher-level entity, in
which the asset is installed, or even on a separate computing infrastructure, is a design decision

that n

6.3.1

eeds to be made on an individual basis.

.3 Business context

Figure 28 illustrates the business roles involved in the use case “Administration of assets”.
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Figure 28 — Business context of “Administration of assets”

6.3.1.4 Technical perspective

Figurg 29 illustrates the human and technical roles involvedtinthe use case “Administrafion of

assets$”.
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Figure 29 — Technical perspective of “Administration of assets”

6.3.1.5 Interaction of roles

As mentioned above, assets do not necessarily have to be sourced externally, but can also be
generated within the company.
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The product developer provides asset information: The product developer decides which
deliverables that are generated during the product development process are to be uniformly
managed in asset management in the form of assets across the company over their entire life
cycle, for example, specifications, models, or simulations. The product developer also defines
for these individual assets which information is managed in the form of life cycle entries in the
asset management, for example, milestones, releases or specific values of parameters. If
supplies from other companies are included, the relevant information that a supplier provides
will also be incorporated into the asset management process.

The production system architect provides asset information: The production system architect
determines which deliverables that are created in the context of the production planning

proce:s’ are tc ba ||n|'Fr\rm|\l maqogad |n l'ha asset W\Ionagamanf‘ |n +ha Fr\rm nF assets—across

the cqmpany over their ent|re life cycle, for example, production system layout documénfation,
specifications of required production resources, or maintenance planning strategies| The
produftion system architect also defines for the individual assets which information is mapaged
in thel form of life cycle entries in the asset management process, for example, information
about|as-planned, as build and as-maintained or procedures of a reconfiguration of a prodfiction
resoufce, and will also integrate information of supplies from other companies; for example, the
used production resources, into asset management.

The production coordinator provides asset information: The production coordinator determines
which|deliverables that are created in the context of the production’execution process arg to be
uniformnly managed in the asset management process in form of assets across the company
over their entire life cycle, for example, production orders,documentation of test procetfures,
or mgnufactured products. In addition, for each of these assets, the production coordinator
defings what information is managed in form of life~cycle entries in the asset managé¢ment
proceps. For example, this includes the produced ortracking information on assembled| parts
and the executed manufacturing procedures anddnformation of supplies from other companies,
for expmple, the used production resources, into the asset management process. While|much
of thig information is already available in varioUs'IT systems, for example ERP or MES syqtems,
these|existing IT systems are suitable synchronized with the asset management. In this use
case, [this aspect is considered as part of/the production management.

The dystem integrator provides_asset information: During the physical construction ¢f the
production system, the systenn,integrator uses a suitable documentation tool to |[enter
information about the activities,and the assets administered in the asset management. It|is the
respopsibility of the individual responsible for the asset — in this use case it is assumed that
this is|the production system architect — to configure the documentation tool used by the system
integrptor so that the integration of the required information in the asset management prpcess
can be done very effectively.

roductiom\resource operator operates a production resource: During the operation of a

the production resource that is relevant for the asset management is typically generated. It is
ponsibility of the individual responsible for the production resource — in this use dase it
is assime ] P P y production
coordinator — that the production resource has been integrated into the production system in
such a way that the usage information of the production resource is automatically made
available to the asset management process.

The service and maintenance provider provides asset information: While performing service
activities on the production system, the service and maintenance provider use a suitable
documentation tool to enter information about the service activities and the assets administered
in the asset management process. It is the responsibility of the individual responsible for the
assets — in this use case it is assumed that this is the production system architect — to configure
the documentation tool used by the service and maintenance provider so that integration of the
required information in the asset management can be done effectively.
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Various engineering tools synchronize internal information about assets with the asset
management system: The configuration of the synchronization is defined by the users of the
corresponding engineering tools during their creation and management of the individual assets,
which are in their responsibility. In doing so, they determine how the information from the
perspective of the respective engineering tool is mapped to the uniform description according
to the asset management system and according to which rules the synchronization of this
information takes place.

The IT administrator configures and manages asset management and the engineering tool used
from an IT perspective: Since the administration of assets is a company-wide task, the further
role of IT administrators is considered. Typical tasks include, for example, cross-company user
management—aceess-authorizatiors-orversiormanagementof-the-engineerirgteelsused. It is

a goofl practice to ensure that the users of the asset management are able to create and glelete
asset$ and to update information of an asset as simply as possible.

6.3.1.p Expected change and impact

The upe case supposes a uniform approach within a company regarding allyassets. Today there
are typically various approaches for asset management in place.

Consequently, the various information about assets can be evaluated uniformly and
comprehensively. Such a unified approach is a lever for efféctive engineering of an |asset
management.

6.3.1.]7 Recommendations for standardization

Information about assets should be managed in the form of standardized life cycle entiies in
the agset management system. Regarding a universal evaluability, however, the content ghould
also be described in a sufficiently formal manner; including the considered context, for example
in the|form of qualifiers, see for example [5].

Standpardization of a common and system-wide concept of the underlying time should be|taken
in acdount.

The doncrete content in the dife-cycle entries should also be standardized. However, which
shoul§l be industry-specific “according to® the use case “Standardization of prod{iction
technplogies”. This is particularly important to transfer information provided by supgpliers
seamlessly to the asset management system.

In the|context of standardization, there are already activities in the area of asset managgment,
for example for-plant asset management, see [7], where the aspects “asset health management”
and “provision-and archiving of information” are described.

6.3.2 Virtual representation of physical assets

6.3.2.1 Objective

A manufacturing company wants to create added value through optimized asset usage,
reliability and efficiency.

6 According to, because assets are not necessarily production resources.
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6.3.2.2 Overview

This use case is complementary to the use case “Administration of assets”, which pursues the
goal. However, regarding the administration of assets, there are additional special
aspects that are considered:

same

e For physical assets, there can be a transfer of ownership. If asset information is stored on
the asset itself, the information is updated before the handover to prevent, for example, the
transfer of intellectual property.

e For non-physical assets (as information entities), it is usually guaranteed that the IT systems
recognize changes of the information. However, physical assets are subject to continuous
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set on a day-to-day basis, especially when assets are frequently_transported to different

are already several different conceptual solutions for managing assets — especially for
al assets. For example, in process automation, NAMUR NE 107 has become a quasi-

indusfrial standard and allows uniform treatment of device’ diagnosis information. However,
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Figure 30 illustrates the business roles involved in the use case “Virtual representat
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Figure 30 — Business context of “Virtual representation of physical assets”

6.3.2.4 Technical perspective

Figure 31 illustrates the human and technical roles involved in the use case “Virtual
representation of physical assets”.
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5 Interaction of roles

In thid use case, the physical assets do not necessarily have to be sourced externally, b
also e generated within the company. A distinction is made between physical asset
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explicitly monitoring the asset with respect to changes. Examples of such changes are the
bending of parts due to temperature changes, the wear of parts due to friction, or the breaking
of parts due to faulty manufacturing or excessive stress. To integrate the recognized changes
in the asset management, the various roles use documentation tools that enable them to easily
identify the asset under consideration and then simply transfer the changed information to the

asset

6.3.2

management system.

.6 Expected change and impact

See 6.3.1 Administration of assets
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6.3.2.7 Recommendations for standardization

Uniform identification of physical assets: The underlying mechanisms should be as lightweight
as possible in order to be able to economically identify even low value assets.

Standardization of the physical localization of assets: The underlying mechanisms should be
as lightweight as possible in order to be able to economically localize even low value assets.

Standardization of information regarding physical tracking and tracing of assets should be
considered.

6.3.3 Feedback loops
6.3.3.1 Objective

A profluct developer feeds knowledge gained in the later product design phasesvback into the
earlief product design phases of a new or optimized product design.

A prqduction system architect feeds knowledge gained in the Jlater production system
engineering phases back into the earlier production system engineering phases to optimige the
produt system design.

The gdroduction system architect feeds knowledge gained in production system enging¢ering
back fto product design to better align product and production system design (“desi$n for
manufacturing”).

A proguction coordinator feeds knowledge gained«in production execution back to prodpction
execution to optimize production.

The production coordinator feeds knowledge gained in production execution back to prodjiction
plann|ng or product design to optimize pfoduction system design respective product design.

A manufacturing company wants.a purchaser (respective market) to feed experience gained in
usagq (respective perception) of the delivered product back to the manufacturing company to
optimize the offering to the plrchaser (respective market).

A sygqtem integrator, the*production resource operator and the service and maintepance
provider provide feedback from erection respective operation respective service of prodlction
systefn back to theyproduction system architect to optimize the production system design.

6.3.3.R Overview

This Use’case is about allowing experiences and knowledge in the sense of “lessons leafnt” to
flow Hack’in a chain of effects and, thus, to optimize the core systems of considerationp of a
manufacturing company, namely the product series, the produced and delivered products, the
planned production system, and the production system that is operating. After such feedback,
a creative “design” decision is taken, either by the product developer or by the production
system architect or by the production coordinator. Human actors are responsible from a
technical perspective to take care of a transparent and seamless information flow and
information base along the entire life cycle of the core systems of consideration.

This use case focuses on the discovery by a human actor. Of course, effects can also be
automatically detected, and corresponding notifications automatically generated. These can
then also be forwarded to people who are not considered in this use case, for example, to an
external supplier who has not complied to some requirements. In these cases, however, such
automatic detection is planned ahead and requires adequate modeling. This modeling is not
within the scope of this use case, but for example in the use cases “Optimization of operation
through machine learning”, or “Optimization in design and engineering through machine
learning”.
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In this use case, a simplified chain regarding the notification is assumed. Notifications can also
take place within a role, for example, within product design or production planning due to the
division of labor in these value added processes. The role of sales is not explicitly considered
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in this use case.

6.3.3.3

Business context

Figure 32 illustrates the business roles involved in the use case “Feedback loops”.
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Figure 32 — Business context of “Feedback loops”

Technical perspective

33 illustrates the human and technical roles involved in the use case “Feedback lpops”.
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Figure 33 — Technical perspective of “Feedback loops”
.3.3p Interaction of roles

During their activities in the various value added processes, the individual human actors
obserje the core systems of.consideration, namely the product series, the produced and
delivered products, the planned' production system and the production system. They asgess —
under| additional consideration of various physical and non-physical assets — to which extent
these[subjects comply to:their intended purpose. Unless, in their view, this is the case} they

notify|correspondingother human actors:

The product-developer and the production system architect initially only consider pfoduct
sgries and-thie planned production system, because products and the production systgm are
ngt existing yet. In later notifications, for example, regarding products producged or
dgliveted, or the maintenance planning process of the production system, they also copsider
prpddets and the production system, which for reasons of clarity is not illustrated jn the
graptric Tepresentatiomof thetechmicatperspective:

The system integrator also considers — in addition to the product series and the planned
production system — the production system being set up. In later conversions of the
production system, the system integrator also considers the produced products, which for
reasons of clarity is not illustrated in the graphical representation of the technical
perspective, and passes on the own observations to the production system architect, who
can pass these on to the product developer.

The production coordinator, the production resource operator and the service and
maintenance provider consider all core technical systems of consideration. The operator
production resource notifies the production coordinator, who forwards the notification. The
production coordinator and service and maintenance provider notify the production system
architect, who can forward the notification to the product developer.

The customer considers the delivered product. This includes all associated artifacts, for
example, an instruction manual. Even if it is part of the product series or has been generated
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from it, is regarded as logically related to the product. The customer notifies the production
coordinator about the own finding or perception, since sales is not regarded as an
independent stakeholder here.

6.3.3.6 Expected change and impact

This use case does not describe new concepts, but describes more the reason for activities that
are explained in other use cases. The activities and processes supposed by the use cases are
already executed today, but typically they are applied less systemically.

6.3.3.7 Recommendations for standardization

This Yses case generates no (new) recommendations for standardization, especially sin¢e the
contept of the feedback is not already considered in earlier planning phases.

6.3.4 Update and functional scalability of production resources
6.3.4.11 Objective

A progluction resource provider wants to design a product having minimal impact on downtime
during an update of hardware or software.

A manufacturing company wants to have minimal impact on dewntime during the updatg of a
produgtion resource by a hardware or software update.

A prodluction resource supplier wants to offer additional functionality based on software, which
can b unlocked after the production resource was, séld and can be used by a manufagturing
company to create additional revenue streams.

The manufacturing company wants to use only\that functionality of a production resource, which
is nedded for a specific purpose, but wants:to be able to react on market changes very flexible
by upgrading (or even downgrading) a ptéduction resource.

6.3.4.R Overview

The pfoduction resource can(request for hardware or software updates during the life cycle of
the production resource. But there is the request that the downtime of the production reqource
required for an update issminimal.

For “classical” updates of hardware, firmware, and base software for, for example, the opefrating
system, systemintegrator is usually involved, who physically installs these updates {o the
produgtion resource. Although this case is shown in the picture with the technical perspgctive,
this dspectsis in principle not new compared to the procedure today. Therefore, it |s not
considlered.in detail later.

The focus in this use case is on the application software. The production resource supplier
encapsulates functions in software applications, which they can deploy or unlock while the
production resource is running. “Classical” engineering is not assumed, but reconfiguration of
the software during the operation of the production resource. In practice, however, there are
limitations to be met, if such reconfigurations are performed. For example, that the production
resource first is transferred to a defined internal state.

It is also conceivable that such functions or software applications do not have to be purchased
by the manufacturing company, but could be paid based on a pay-per-use model offered by the
production resource supplier.

This use case is related to the use case “Migration to adaptable production systems”, in case
the manufacturing company already operates production resources with published standardized
interface descriptions and now wants to design the production system to be adaptable.
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This use case considers the capability of dynamic reloading of software applications from a
user perspective and the use case “Device configuration” addresses this aspect from a technical
perspective.

This use case is also not about general value-based services (see the use case “Value-based
services for production resources”), but the impact of update is locally restricted to the
production resource. In this use case the update does not require the installation of additional
software outside of the production resource. However, one can consider this use case as a
special case of the use case "Value-based services for production resources".

6.3.4.3 Business context

Figuri 34 illustrates the business roles involved in the use case “Update and fungtional
scalability of production resources”.
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Flgure 34 — Business context of “Update and functional scalability of productign
resources?”

6.3.4.4 Technical perspective

Figurg 35 illustrates the human and teghnical roles involved in the use case “Update and

functipnal scalability of production resources”.
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Figure 35 — Technical perspective of “Update and functional scalability of production
resources”
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6.3.4.5 Interaction of roles

The software developer of the production resource provider develops in the context of product
design a software application: The software developer first develops a suitable software
architecture that individual software applications can be added or removed without any impact
on the other applications and overall system. The software developer also adequately tests
these general principles. In addition, it is assumed that the used runtime system offers suitable
capabilities for dynamically reloading software applications. In doing so, the software developer
also specifies the procedure for updating whether, for example, the production resource is in a
certain state during the update, and also consider that a connection to the internet is not
possible or allowed by the manufacturing company. After developing a specific software
application, the software developer tests it sufficiently. Non-functional requirements, such as,
for example, reliability, security, or availability, are considered. After testing the software
applidation can be released to be used.

The production resource supplier or the production coordinator requires ‘am updgte or
downgrade for a production resource: The production resource supplier delivgrs a
corregponding software application. The production resource operator)or the prodpction
coord|nator initiate the installation of the software application, which follows the approach of
installing apps from an app store on a device. Afterwards, the installed functions can bg used
or thg uninstalled functions can no longer be used. Alternatively, the production resource
supplier can already have installed all the software applications on the production resource
upon pnd the software application is locked or unlocked whenhéeded.

The g@sset management is notified about the software update: Typically, the software
applidations installed on the production tools, including.the versions, are managed in the|asset
management system.

In the|special case of the “classical” update of hardware, firmware or basic software, the system
integrptor is still involved and performs the update physically on the production resource.|In the
case pf hardware updates, this typically .complies with specific maintenance procedurgs for
exchgnge or manipulation of entities. This normally requires the production resource |to be
brought into a maintenance state. If remote access is required from outside the company during
the update, additional constraints are‘taken into account.

6.3.4.p Expected change ahd impact

The upe case supposes that the production resource supplier develops the application software
of its production resoufrce in such a way that it can be easily updated without involving a system
integrptor and first.transfer the production resource to a maintenance state without any need.

Conse¢quently;this use case enables new software service offerings of the production regource
supplier evensbased on usage-based revenue streams.

6.3.4.7 Recommendations for standardization

The production resource suppliers should be supported with runtime systems with dynamic
reloading capabilities. Those concepts should be standardized so that the production resource
supplier can focus on its own core competency, namely, on the creation of the application itself
and not on the application of specific dynamic reloading concepts

The processes used to dynamically reload software applications should be standardized.

6.3.5 Condition monitoring of production resources
6.3.5.1 Objective

A production coordinator wants to take precaution by predicting respective foreseeing any
unexpected events regarding the wear of the production equipment to optimize the production
process and minimize downtimes.
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6.3.5.2 Overview

To ensure seamless production parameters of every process as well as its associated
production resources are monitored. A significant change of the parameters could indicate an
arising fault. With this information the production coordinator can take precautions. The aim of
condition monitoring is to predict and foresee any unexpected events regarding the wear of the
production resources and, therefore, to enable responding in time to ensure an undisturbed
operation of the production system.

The core of this use case is to provide to the production coordinator and the operator of the
production resource with information about the condition of the production resources, so that

they ¢
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3 Business context

36 illustrates the business rolesZinvolved in the use case “Condition monitor
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6.3.5.4 Technical perspective

Figure 37 illustrates the human and technical roles involved in the use case “Condition
monitoring of production resources”.


https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

- 70 - IEC TR 63283-2:2022 © IEC

production
resource - production maintenance
: :
operator coordinator  coordinator

A e notifies
M< tifi tifles (% ‘1‘=/

production
resource supplier | olifies
production resource condition
developer prediction

Figyre 37 — Technical perspective of “Condition'monitoring of production resourg¢
6.3.5.p Interaction of roles
The production resource developer develops condition prediction capabilities: This

“clas

The S
conne
can b
comp
itself

The

produ
mana
coord

2022

L) TeveElopS

-

provides predicted
asset imrormation dssSCl
> —
management

m considers 1

Sysﬁ installs l l
integrator @:c EEE

production eng. production productien

resource  resource
integration layer

ical” development task in the context,of design and development of a production res

ystem integrator installs condition prediction capabilities: The condition predict
cted to the production resoufrce so that information provided by the production reg
e monitored. The production resource integration layer is used to provide the re
iting capabilities for the“condition prediction (in the case that the production re
joes not provide appropriate computing capabilities).

condition predietion continuously monitors the usage information provided b
ction resource and updates the condition of the production resource in the
jement system. In critical situations the production resource operator, the prod
nator.and the maintenance coordinator are notified timely.

es”

is a
burce.

on is
ource
uired
ource

y the
asset
Liction

6.3.5.p Expected change and impact

The use case supposes systematic and standardized processes and data evaluation regarding
condition monitoring of production resources. In current installations of production resources
some condition monitoring functions are already in operation. But typically, they are very
domain and implementation specific.

Consequently, this use case improves efficiency of production resources and the overall
production system. Depending on the degree of standardization of production technologies, see
use case “Standardization of production technologies”, the possibility can arise that condition
prediction capabilities are also offered by independent service providers on the market.
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6.3.5.7 Recommendations for standardization

Regarding standardization, this use case addresses the condition prediction aspect of
production resources, which is a special case of the use case “Standardization of production
technologies”.

Regarding the condition prediction, the preparation of the result of the prediction should be
standardized, both regarding a uniform administration in the asset management system and
regarding a uniform, universal evaluation of the effects related to the entire production system.

6.3.6

Self-optimization of production resources

6.3.6.[1 Objective

A pro

produgtion resources and minimize downtime (outages).

6.3.6.2 Overview

Self-0

from
evalu

production methods, for example, wear-optimized methods,\t6/reduce costs through
produgtion system operation at some optimized working point.

Self-gptimization can be done conceptually in differepf*\ways: through persons or control

perso
perso

In ma

Ns in a well-defined and “stable” context of«@ production resource.

produgtion resources to be optimized. Thistraining is done by the production resource su
becayse it is expected that the production resource supplier has access to the
information of its worldwide installed and operating production resources, see
Benchmarking of production resources.

COHCJ

“clas
and a

For this use case)\the production resource supplier and manufacturing company ag
advar]ce in terms-of data access and data usage based on a legal contract.

This |

6.3.6.

se ¢ase is an extension of the use case “Condition monitoring of production resources”.

juction coordinator of the respective manufacturing company wants to optimize usage of

ptimization is an approach to flexible and reactive automation. Rroduction resourceg learn
revious actions, for example, optimized scheduling, and us€ such knowledge for further
tions. An example of a possible self-optimization goal,is _the use of resource gaving

stable

ed by

hs or fully automatic. The focus in this use .case is the machine learning controlled by

Chine learning, especially for training, many and representative data are required frgm the

bplier,
Isage
6.7.2

ptually, the self-optimization consists of two interlinked control loops: an undgrlying
ical” control loop ofthe production resource, which also ensures aspects such as qafety,
h overlying controkloop, the control strategy of the production resource is optimized.

ee in

”

3 Business context

Figure 38 illustrates the business roles involved in the use case “Self-optimization of production

resou

rces”.
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6.3.6. Technical perspective
Figurg 39 illustrates the human and technical roles involved in the use case “Seélf-optimi
of production resources”.
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Figure-39'— Technical perspective of “Self-optimization of production resources”

6.3.6.5~Interaction of roles

The data scientist develops and trains a prediction model: Using data mining and machine
learning methods, the data scientist prepares and trains a prediction model on the basis of
initially available data until a maturity of the prediction model is achieved, that the prediction
model can be used for a self-optimization of a production resource.

The production resource developer develops a prediction model execution and deploys it in the
context of a production resource: The developer uses the prediction model provided by the data
scientist and integrates an execution of this prediction model in the context of the operation of
a production resource. The developer uses a computing and connectivity infrastructure that
offers capabilities for executing the prediction model on the one hand, and connectivity
capabilities on the other to provide the data scientist with operational data for optimizing the
prediction model.
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The prediction model is executed while the production resource is operating: The execution of
the prediction model performs the following tasks:

e optimization of the control strategy of the production resource;

e collection of usage information of the production resource;

e update of the asset management system with information about the production resource on
appropriate occasions, such as a change in the control strategy;

e notification of the operator production resource, the production coordinator and the
maintenance coordinator at appropriate occasions, for example, when recognizing the
emergence of some critical situation.

The dpta scientist optimizes the prediction model: Based on the data from the operatién jof the
produgtion resource and the reaction of the prediction model execution, the data Isc|entist
optim{zes the prediction model. At some point in time, the data scientist provides the prodfiction
resoufce developer an update of the prediction model from which the developer, in| turn,
generptes an update of the prediction model execution.

The production resource developer provides an update of the predictionaodel execution] If an
update of the prediction model execution takes place at the manufacturing company, the use
case |Update and functional scalability of production resources” is taken into account.

6.3.6.p Expected change and impact

The upe case supposes the application of machine learning, which is presently not widely|used.
Becayse of the focus on production resources the~challenge to have representativg data
availdble for learning purposes is mitigated.

The vialue proposition behind this use case is thereduction of the effort for the prediction model
desigh and especially the prediction model’maintenance along the entire life cycle ¢f the
produgtion resource.

6.3.6.]7 Recommendations for.standardization

The Workflows and mechanisms-related to machine learning should be standardized| This
concdrns the initial modeling|_the generation of a prediction model execution from a moglel as
well als the incremental improvement of a created prediction model.

In orcler to be able to use general methods and tools of data mining and machine learnling in
this dise case, the- underlying computing infrastructure should assert certain technical
requinements. This'is considered in the use case “Device configuration”.

6.4 |[Usecase cluster “Optimization of production execution”

6.4.1 L ~Optimization of operations
6.4.1.1 Objective

A production coordinator wants to optimize production according to specific KPIs, for example,
minimize downtime (outages) or maximize usage of production resources or to improve quality
of products.

6.4.1.2 Overview

This use case is primarily about the optimized use of a production system. The scope is not
limited to a single site, but the optimization is also across sites of a company. The planning
regarding order processing and the interface to the purchaser, including the entire supply chain,
is addressed by the use cases “Manufacturing of individualized products”, “Flexible scheduling
and resource allocation” and “Outsourcing of production”.
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The core tasks in the context of optimization of operations include:

Optimization of resources and production processes: Based on the experience of using the
production system, the used resources and the underlying production process are
optimized, for example, to achieve better product quality or higher throughput.

Resource management and planning: Optimization of any kind of resources across a
production system and different sites as well as within a production system across different
orders to meet some specific KPIs.

Maintenance management and planning: Improvement of resource availability, minimization
of unplanned downtimes (outages), and reduction of maintenance costs, where different
maintenance activities and strategies can be applied. For example, corrective maintenance,
where immediate required actions are executed, or preventive maintenance, where-aftions
are scheduled and executed based on various indicators like conditions, time or predigtions.

Re¢configuration management and planning: Coordination of rebuilding and .configuration
aqgtivities with respect to the production system with the required design_.and enging¢ering
agtivities of the production system engineering.

To optimize production, information from various sources is consalidated, analyzed and
evalugted in order to derive suitable actions. It is conceivable that the_production coordfinator
derivgs these actions as well as that the actions are automatically generated and|even

automjatically executed.

The benefit gained by optimization of production typically cannot be specified in a generally

valid manner. Often individual cases are considered.

6.4.1.3 Business context

Figure 40 illustrates the business roles involvedrin the use case “Optimization of operatigns”.

6.4.1.4 Technical perspective

manufacturing
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fad

Figure 40~ Business context of “Optimization of operations”
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FigurT 41 illustrates the human and technical roles involved in the use case “Optimization of

opera

ions”.
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5 Interaction of roles

foduction coordinator is supported bytthe production management regarding the plg

activifies in the context of the optimizatief’ of production:

e |In
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e Fd
pr|
dg

e |In
sq
te

The

addition to the production "mranagement, the production coordinator also use

e production execution for'special planning tasks.

r the planning of torder processing including the entire supply chain — the
pduction executiens= the production coordinator uses the technical roles such 3
sign for manufactduring and the request/order management.

order to plan-the optimized use of the production system — to plan the mainten
rvice andireconfiguration of the production system — the production coordinator us
chnicahrole of the production management.

nning

s the

chnical roles such as the design for manufacturing, the request/order management and

actual
s the

ance,
bs the

manu

information base for the planning activities.

broduction management consolidates all information provided by the design for
mewwmw_mﬂ' i i asset

management to provide the production coordinator with a comprehensive, consistent

The production management provides production execution with the planning information
required for operational execution. The production coordinator can intervene in the operational

execu

tion of production execution.

The production management and the production execution is developed by the production
system architect as part of the engineering of the production system in cooperation with the
product developer.
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6.4.1.6 Expected change and impact

In principle, the described functions are already available today in various applications. The
implementation and usage of such solutions is usually driven by the question of profitability:
how much effort and investment in such a solution is spent (both once for the creation as well
as during the usage) and what is the resulting benefit. Due to new technology maturity (for
example, more efficient optimization algorithms), changed cost structures (for example, easier
data exchange or simplified engineering) and changed business conditions (for example,
demand for greater flexibility, shifting of added value between business partners in the value
network), opportunities can arise that suddenly facilitate economic implementation of some
individual cases.

Conséquently, the use case will result in an improvement of operation.

6.4.1.7 Recommendations for standardization

From [this use case, no specific new recommendations for standardization can-be derived. The
reconmendations for standardization based on specific content aspects.ane“addressed |in the
corregponding other use cases.

6.4.2 Simulation in operation
6.4.2.11 Objective

A profuction coordinator wants to simulate a model of¢roduction to optimize productipn, to
check] the principle feasibility, to reduce risks resulting{from reconfigurations of the prodyiction
systefn, and/or speed-up reconfigurations of the proddction system.

6.4.2.2 Overview

This yse case is closely related to the use\cases “Simulation in design and engineering” and
“Virtugl commissioning of production systems” (for general remarks to simulation see|6.6.2
Simulption in design and engineering.“Nevertheless). It is not the purpose of this use case to
explain or cover the broad field of'the simulation in operation in detail, but only — without
pretension to any completeness ~ito focus on some important issues.

Simulption in the operation phase allows for the comparative valuation of short-term and
situatjon-dependent proeess sequence variations, such as the examination of useful strafegies
and rg¢sponses to disturbances and alterations in advance, as well as the examination of| long-
term development trends. Typical issues are examination of:

e sdhedule alternatives in the production execution;

o different-variants as a basis for operative decision-making, for example, for situfation-
dgpendent production resource allocations, production order sequences, batch sizels and
pgrsonnel deployment;

e emergency strategies or measures for immediate reaction before they are realized, in terms
of their effects on the production system or product;

e variants for prognosis proposed, for example, altered product structure, product mix and
output, changes in working time models, production resources, and production order
sequences or regarding outsourcing or insourcing of production capabilities.

This use case focuses on the use of a simulation model by the production coordinator. Using
appropriate tools, the production coordinator configures the simulation, executes it and then
evaluates the result of the simulation. The focus here is therefore the easy configuration,
execution and usage of a simulation.
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The development of the simulation is not considered in this use case. Simulation development
is part of the design and engineering activities, which the production system architect carries
out together with the product developer, see especially 6.6.2 Simulation in design and
engineering”. Usually, the models that are used for simulation in operation rely on models that
are also needed in design and engineering.

Due to the variety of the topics that need to be addressed in production execution and
production planning (after commissioning), the activities executed for simulation in operation
vary with regard to objective, depth of detail of the consideration and the regarded time horizon,
which is reflected in simulation in operation typically by many different models and often also
different tools are used.

6.4.2.3 Business context

Figure 42 illustrates the business roles involved in the use case “Simulation in opetation].
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Figure 42 — Business context of “Simulation in operation”

6.4.2.4 Technical perspective

Figure 43 illustrates the human and technical roles involved in the use case “Simulatjon in
operation”.
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Figure 43 — Technical perspective of “Simulation in operation”
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6.4.2.5 Interaction of roles

The production coordinator considers some specific situation in operation based on available
information about product series, planned production system, production system, product and
product order and defines in a creative step the purpose of the simulation to be executed.

The production coordinator considers the available simulation models regarding the specific
purpose and configures a simulation using the simulation tool, production management and
production execution:

e The simulation tool provides the capabilities for performing simulations.

o PHodUCtioON Management provide e ' ' . — rding the
cqnfiguration of a simulation.

e Production execution provides information about the current state of the production system.

The required capabilities of the various technical roles are developed accordingly during the
creatipn of the technical roles.

After these preparations, the production coordinator then carries outthe actual simulation runs
and irfterprets the result of the simulation runs regarding the intended purpose. The prodjction
coord|nator then decides how to integrate the insights from(the simulation into thg own
considgerations.

6.4.2.6 Expected change and impact

Simulption in operation is already being used today, but these simulations are often devgloped
regarIing a specific application and are very, specific. Thus, the maintenance of |these
simulations over the life cycle of the production system is usually complex. However, incrgasing
the ug$e of simulation in operation, more out<ef-the-box approaches for simulation tools and
mode|s could be established, which in turn lowers the threshold for using simulation in
operation. This can create self-reinforcing,effects.

Consgquently, the use case will result in an improvement of operation.

6.4.2.7 Recommendations,for standardization

The fgcus in this use case\is on uniform functions and models, so that standardized simylation
tools |can be provided, thus lowering the hurdle for using simulation in operation. Pogsible
appropches to standardization are, for example:

o standardization of specific purposes of models to be used for simulation in operatign, for
edampleby standardizing KPIs for operation;

o standardization of specific simulation models for operation, for example for the purppse of
vdlidating of specific standardized KPIs;

o standardization of functions and user guidance of simulation tools to be used in operation.

In addition to the economies of scale fueled by standardization, there will probably still be
solutions that are specialized which add specific value for special cases.

6.4.3 Optimization of operation through machine learning
6.4.3.1 Objective

A production coordinator wants to be supported in the optimization of operation.

The manufacturing company has an interest in making the knowledge of key persons more
transparent to secure business after retiring of key persons.


https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

IEC TR 63283-2:2022 © |IEC 2022 -79 -

6.4.3.2 Overview

The production coordinator executes creative activities for production execution and production
planning (after commissioning) and evaluates the outcome of the own work to determine the
extent to which the own creative decisions will serve their intended purpose. The production
coordinator revises the own decision and makes a new decision. Over time, patterns of goal-

oriented and less-targeted decisions will be created, and these decisions are collected

in the

context of this use case. This collection is used to generate “suitable” suggestions to the
production coordinator to support the decision making. In extreme cases, it is even conceivable

that the production coordinator will be replaced by some algorithm.
This

varioys, sometimes quite specific, applications implemented. Overall, there is cutre
dynamic environment in which such approaches are evolving technologically.

The upe case is conceptually identical to the use case “Optimization in design,-and enging
through machine learning”, except that its application is in the value~added procesg

The Use case “Self-optimization of production resources” is also camparable, but in th
case it is assumed that the collection of the training data for machine learning and the tr
of thg model is driven by the same company and, therefore, )the contractual agre
regardling usage of data is easier to design.

6.4.3.3 Business context

bering
es of
produftion execution and production planning (after commissioning) design and engineering.

s use
hining
ement

Figurg 44 illustrates the business roles involved in the use case “Optimization of opefration

through machine learning”.
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Figure 44 — Business context of “Optimization of operation through machine learn
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6.4.3.4 Technical perspective

ing

Figurg 45 illustrates the human and technical roles involved in the use case “Optimizatjion of

operation throaugh machine learning”.
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Figure 45 — Technical perspective of “Optimization of operation through machinge
learning”

6.4.3.p Interaction of roles

The data scientist develops and trains a prediction model: Using data mining and mgchine
learning methods, the data scientist prepares and trains a prediction model on the bdsis of
initially available data until a m@turity of the prediction model is achieved. In this casg, the
predigtion model can be used“for an optimization of production execution and prodpction
planni|ng (after commissioning) value added processes.

The spftware developer-develops a prediction model execution and integrates it: The software
develpper uses theyprediction model provided by the data scientist and integrates an exegution
of thig predictiommaddel in the context of a production management capability of a manufacturing
company, especially considering data provided by the design for manufacturing, the
requept/order>management, the production management and the production execution. [An IT
admirfistrator can be involved, but this is not illustrated in the graphical representation pf the
techn|calvperspective.

The prediction model is executed while the production coordinator uses the production
management including the design for manufacturing, the request/order management, and the
production execution: The execution of the prediction model performs the following tasks:

e suggestions of decisions to the production coordinator;

e collection of data from the design for manufacturing, the request/order management, the
production management, and the production execution.
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The data scientist optimizes the prediction model: Based on the data provided from the usage
of the production management (and the design for manufacturing, the request/order
management and the production execution) by the production coordinator and the reaction of
the prediction model execution, the data scientist optimizes the prediction model. At some point
in time, the data scientist provides the software developer with an update of the prediction
model from which the software developer, in turn, generates an update of the prediction model
execution.

The software developer provides an update of the prediction model execution: The integration
of such an update is feedback-free, without affecting the work of the production coordinator.

6.4.3.

The uUse case supposes the application of machine learning, which in today’s praCtice |is not
widely used. However, the challenge is that the data available for learning is representatie and
that meaningful and actionable suggestions are generated for the production coordinator,

The value proposition behind this use case is the reduction of the effort fonthe prediction model
desigh and, especially, the prediction model maintenance along the ‘entire life cycle pf the
produgtion system.

6.4.3. Recommendations for standardization
The Workflows and mechanisms related to machine learning should be standardized| This
concerns the initial modeling, the generation of a predistion model execution from a mogel as

well the incremental improvement of a created prédiction model. Nevertheless, the stbject
is curfently evolving in a dynamic environment.

6.4.4 Service workflow management forproduction systems
6.4.4.1 Objective

A manufacturing company wants to process service requests during operation of the prodpction
system in an efficient and effective manner.

6.4.4.2 Overview

This Use case addressesithe automated processing of service requests during the operafion of
a pro{uction system~The term service request is used in a broad sense in this use case. It is

not only about intangible services, but also includes, for example, orders of physical eptities
such as spare parts, auxiliaries, material or intermediates.

Servige processes in manufacturing companies are complex due to the involved technical
systessand processes as well as the technical and business workflows. Often, these sgrvice
proce'r;ses are individual for a manufacturing company and various companies from the|value
network of the manufacturing company are involved, for example, suppliers of spare parts,
auxiliaries, material or intermediates or external service providers for maintenance and repair.
Today, the management and execution of service processes and workflows is often still done
manually, which typically leads to errors and inefficiencies when processing service requests.

A prerequisite for the use case is a common information base, such as an asset management
system. Service requests are standardized, for example, regarding the cause, purpose,
recipient, boundary conditions (technical, temporal, commercial), or responsibilities. This
standardization enables automated distribution of service requests to the correct recipients and
monitoring their processing of the service requests.
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The standardization also includes the interfaces to tools so that these tools can receive and
process service requests and can provide appropriate feedback. The workflow with respect to
service requests also is consistently integrated into the corresponding user interfaces of the
tools. For example, in the event of an alarm or error message, the corresponding information
can be easily forwarded, including the context information, directly to the relevant actors so that
they can initiate appropriate measures, see also the use case “Human-machine interface”.

6.4.4.3 Business context

Figure 46 illustrates the business roles involved in the use case “Service workflow management

for production systems”.
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6.4.4.4 Technical perspective

Figurg 47 illustrates the human and“technical roles involved in the use case “Service wo

management for production systems”.
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Figure 46 — Business context of “Service workflow management for production
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systems”

dividual employees — specifically the production system architect, the system inted
oduction resource operator, the“production coordinator and the service and mainte
er — work with the tools.they are familiar with in their usual roles in the various
processes of a manufacturing company. The used tools — specifically the prod

ng service requests: Users can use these tools to receive and submit service red
on their role in_the company.

use casexthe role of the service and maintenance provider also represents empl

on

rator,
hance
value
Liction
raded
uests

byees

external~companies who receive and process service requests and deliver the
corregponding results.

Brvice

The workflow engine is responsible for the automated processing and monitoring of s

requests. This includes, for example, receiving, forwarding, logging, tracking, monitoring or
reminding. Important information about specific service requests can be managed by the asset
management system. The installation of the workflow engine is an activity that does not differ
in principle from the development of a software application, which is then integrated into the

opera

tion infrastructure.

The IT administrator configures the workflow engine regarding the following properties:

e Which user can see, create, forward and accept which service request. Not only the
employees of the manufacturing company are considered, but also service and maintenance
providers from external companies who provide services on behalf of the manufacturing
company.
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e Definition of general workflows according to the specifications of the manufacturing
company. In the workflows, not only technical, but also business and legal aspects are
considered.

6.4.4.6 Expected change and impact

The use case supposes a standardized and automated processing of service requests. Today
such service requests are mostly processed manually, which leads to errors and inefficiencies
in the processing.

Consequently, this will result in an overall improvement of the service processes and workflows
of a manufacturing company

6.4.4.f Recommendations for standardization
Following recommendations for standardization have been identified:

o Standardization of service requests including standardized interface o tools enabling the
prpcessing of service requests.

. Srndardization of service processes and workflows

e Best practices for setup and execution of efficient and efféctive service processes and
workflows

6.4.5 Successive improvement of production systems
6.4.5.1 Objective

A manufacturing company wants to successively improve the production system and prodpction
procegs.

6.4.5.2 Overview

In order to get benefits from a deployment of new technologies to improve manufacturing, it is
very important to identify a performance achievement of the production system and prodfiction
proceps due to the use of such technologies. This aspect is of importance wheh the
manufacturing company targets on a continuously improvement process called Kaizen.
Thereffore, this use casg ‘provides performance achievement levels. These performance
achieyement levels include different points of view. Different stakeholders within a
manufacturing company _can clearly execute their own roles and deliver their appropriate [result
and the performance’/achievement levels guarantee that the contributions of the various
stakeholder will result in an overall improvement. Thus, although under shrinkage of working
populgtions, this{use case also helps to empower collaborative intelligence, where a cojmmon
target|is set and various roles will participate and share their ideas.

This yseicase qualifies the value driven by improvement measures and thereby supports the
optimization of manufacturing. The use case provides the manufacturing company with various
performance achievement levels called kaizen levels for production systems and production
processes. Each performance achievement level is characterized by a set of improvement
measures and the result of each improvement measure can be assessed by improvement
indicators. A manufacturing company can adapt the performance achievement levels, the
improvement measures and the improvement indicators in a flexible way, for example using
different visualization capabilities based on data analytics. This enables the manufacturing
company to assess the investment for renewal or renovation, for example, current production
resources, and to show that the measures really improve the production system and production
process.
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Using this use case, a manufacturing company and a production coordinator can visualize a
cost performance against a targeted performance achievement level when the company invests
into the production system. In addition, suppliers of production resources can deliver an
accurate construction or implementation to match up the requirements for a targeted
performance improvement of the manufacturing company or production coordinator.
Furthermore, a manufacturing company or production coordinator can also obtain successive
improvements, for example, in productivity, along to the evolution over the intermediate
performance achievement levels toward the targeted performance achievement level. As a
result, the optimization of a production system along its life cycle can be accelerated and
thereby the production system itself will be optimized in a sustainable way.

6.4.5.3—Business—context

Figure 48 illustrates the business roles involved in the use case “Successive improvement of
produgtion systems”.
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Figure 48 — Business context of “Successiyelimprovement of production systen)s

6.4.5.4 Technical perspective

Figure 49 illustrates the human and technical roles involved in the use case “Succgssive
improyement of production systems”.
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Figure 49 — Technical perspective of “Successive improvement of production systems”
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6.4.5.5 Interaction of roles

The following activities are executed as part of an overarching, continuous improvement
process. The example assumes that two interlinked improvement processes are taking place.
One improvement process is driven by the production coordinator at the level of the entire
production system and a further improvement process is driven by the production resource
operator for a production resource:

e The production coordinator plans to improve the performance of the production system and
production process according to the directions of the top management of the manufacturing
company. The production resource operator plans to improve the performance of a
production resource according to the direction of the production coordinator.

e The production coordinator evaluates the performance of the current installation] pf the
prpduction system and production process using an improvement indicators system. [In the
sgme way the production resource operator evaluates the performance of the current
prpduction resource.

e The production coordinator as well as the production resource operator study pogsible
imMprovement measures using an improvement indicator evaluation-to reveal the| most
effective improvement measure. In this step, the production coordinator can ipquire
improvement indicators of production resources or other subzsystems of the prodpction
sylstem and can provide a production resource operator with requirements for a specific
improvement of a production resource, so that the production‘resource operator suggests
syitable improvement measures and associated improvement indicators of the prodjction
resource to the production coordinator.

e The production coordinator as well as the productiof tesource operator will select a sditable
imMprovement measure. The production coordinatér or production resource operator cgn use
simulation, see use case “Simulation in operation”, or even practical testing to evalualte the
sdlected improvement measure. If the production resource operator selects an improvément
measure with impact out of the scope ofthé’production resource, the production regource
operator will suggest the improvement measure to the production coordinator, who |either
aqcepts the improvement measuresand initiates its implementation or rejects the
infprovement measure.

e The production coordinator as 'well as the production resource operator will provide the
sglected improvement measure to the production system architect so that the prodjiction
sylstem architect can plap-the implementation of the improvement measure and can then
gyides the system integrator to install the improvement measure. The principles of these
planning and installation activities are not specific for this use case.

e The production coordinator as well as the production resource operator check the result of
the implementation of the improvement measure and enter a next cycle of the succgssive
inlprovement)of‘the production system.

The improvement indicator system is suitably integrated into the overall operation infrastructure.
Espegially. the production management, production execution and production resourcgs will
provide performance information, which is evaluated and visualized by the improvement
indicatorssystenT T e principtes of these systenTimtegratiom activities are notspecific for this
use case.

6.4.5.6 Expected change and impact

The use case supposes that standardized performance achievement levels and improvement
measures are provided to a manufacturing company which tangibly show the improvement of
an installed measure of a successive improvement activity. Furthermore, the standardized
performance achievement levels define a tangible achievement level of capabilities of a
production system and production process and allow a manufacturing company to request these
clear and reliable indications from a production resource supplier. Currently, there is no
perspicuous measure to show an improvement achievement in the typical plan-do-check-action
activities during the life cycle of a production system.

Consequently, the use case will result in a sustainable improvement of operation.
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6.4.5.7 Recommendations for standardization

Standardized improvement process so that the improvement process can be executed on
different levels within a manufacturing company, for example on an enterprise level and a shop
floor level or on a production resource level

Standardization of improvement measures including their visualization by improvement

indica

tors, impact and predicted tangible achievements

Collection and validation of best practices of possible performance achievement levels,
improvement measures and improvement indicators
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Use case cluster “Energy efficiency”
Design for energy efficiency
1 Objective

nufacturing company wants to optimize energy consumption and/or energy costs
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It is also noted that the scope of this use case does not include electrical energy only, but also
measures for a targeted recovery of energy, such as waste heat, which is then specifically fed
back to the production process. The relevance of this use case is different regarding the various
industries.

6.5.1.

3 Business context

Figure 50 illustrates the business roles involved in the use case “Design for energy efficiency”.
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Figure 51 —Technical perspective of “Design for energy efficiency”

.p Interaction of roles

i$ use case; the production resources of a production system assume a role as ¢

ptoddction system architect develops a concept for energy optimization: Considerir
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nergy
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specific boundary conditions (for example, the company's production strategy, the capabilities
of the production system or the market environment), the production system architect designs
a suitable production system. Examples of such concepts are the conversion of a production
systems regarding waste heat recovery or automated processes to put a production resource
in a stand-by mode. The concept is based on creative decisions of the production system
architect. The procedure does not differ fundamentally from the general activities for setting up
or converting a production system.
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The software developer develops automated optimization functions and preparation of
information with regard to energy efficiency: After the concept has been developed, the software
developer will use suitable optimization and data analysis algorithms to integrate them into
production management and production execution with the aim to improve the existing
production management and production execution and to offer improved decision support to the
production coordinator with regard to energy efficiency. Thus, this is a “classical’ software
development task. The interplay between production management and production execution is
identical to the basic interaction of production management and production execution in the
context of automation of a production system.

The system mtegrator executes the mstallatlon and conversmn work on the production system:
The s i
Thesg act|V|t|es are not specmc to thls use case and do not dlffer from the general activities for
setting up or converting a production system.

6.5.1.p Expected change and impact

The design of a production system regarding energy efficiency has already|been practicgd for
a long time. But driven by the technological development of the mathematical optimization
algorithms and the increasing dissemination of standards such as, for-example, PROFIHnergy
(both jon the supplier side, where suppliers of components or production systems supporf such
standgrds and on the user side, where operators of production use such standards
consisgtently), further potentials can be tapped.

This results in optimizations that are better in terms ofthe resulting optimum as well as in a
reduction of efforts for the creation of the optimizatiomsaolution.

6.5.1.]7 Recommendations for standardization

Standjards such as for example PROFIEnergy already exist to support these objectives.

Stan:lardization of capabilities of companents and production resources with regard to gnergy
efficigncy (as a special case of the use case “Standardization of production technologies): For
example, components and produetion resources should provide energy efficiency KPls, energy
plan ipformation for energy efficiency calculations or should provide the possibility to golinto a
standby mode with minimized_energy consumption (including providing information abopt the
activation time after switching in standby mode).

Targefted adaptation| of general optimization methods and tools to the specific neqds in
produgtion regarding optimization of energy efficiency. This can affect for example programqming
langugages or fungétion libraries. The task of standardization would first be to collect requiremnents
and ppssible solution approaches.

Best practices about which processes should be automated regarding energy efficjency,
conside# i

6.5.2 Optimization of energy
6.5.2.1 Objective
A production coordinator wants to optimize the operation of the production system according to

specific KPIs related to energy efficiency, for example, energy consumption and/or energy
costs.

6.5.2.2 Overview

This use case is an extension of the use case “Optimization of operations”, where specific
attention is paid to the optimization of energy.
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Here the task of the production coordinator is to operate a production system in an optimized
way. On the one hand, the production coordinator complies with boundary conditions, such as
a production plan, the contract regarding energy delivery (e.g. avoiding energy consumption
peaks) or the availability of production resources, supplied material or intermediate products.
Sometimes these boundary conditions change unexpectedly, for example in the case of a
technical failure. On the other hand, within the framework of these boundary conditions, the
production coordinator has certain degrees of freedom, which can be used to optimize the
operation of the production system. The production coordinator has a knowledge of the
technical context to make the decisions. Additionally, the production coordinator can be
supported that some processes in production run automatically and that information about the
production system is prepared in a suitable form for the purpose of decision support.

Howeyer, it is in the responsibility of the production coordinator to make appropriate‘creative
decisipns within a certain time window. Examples can include measures to avoid” gnergy
consumption peaks, manual adjustments of a production step or the targeted switching of a
produgtion resource into a stand-by or idle mode.

6.5.2.3 Business context
Figurg 52 illustrates the business roles involved in the use case “Optimization of energy’|
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non-physical value &ddéd process
physical value added process
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Figure 52 — Business.context of “Optimization of energy”

6.5.2.4 Technical perspective

FigureL53 illustrates the humanyand technical roles involved in the use case “Optimizatjion of
energly”
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Figure 53 — Technical perspective of “Optimization of energy”

6.5.2.p Interaction of roles

Strucfurally, the interaction of the roles-ifivolved is the same as for the use case “Optimigation
of opgrations”, so that only the additions regarding energy optimization are described hefe.

The production coordinator considers the production resources of the production systjm as
energly consumer and/or enefgy-provider and considers the energy price offered by an

nergy
e and

n, the
Liction
ation

ready
; ; n are
automated and decision aids are made available for the production coordinator (see 6.5.1
Design for energy efficiency), the more the production coordinator is relieved of error prone
routine work and can concentrate on creative activities.

Consequently, the use case will result in an improvement of energy efficiency.

6.5.2.7 Recommendations for standardization
Following recommendations for standardization have been identified:

e Best practices of recommendations to a production coordinator supporting to implement
measures to optimize energy efficiency.
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e Proposals for a uniform presentation of information to support a production coordinator in
implementing measures to optimize energy efficiency, for example, a uniform presentation
of plans, history, and trends of energy consumption.

6.5.3 Design for participation in decentralized energy networks
6.5.3.1 Objective

A manufacturing company wants to optimize energy costs by aligning own energy demand
and/or supply with energy prices offered to the market and, therefore, requires for a production
system that can participate in decentralized energy networks (“Smart Grids”).

6.5.3. Overview

The BPackground of this use case is that renewable energy and cost effectiveness.driye the
markdt to manage energy depending on availability. Since it is possible that theyavailabllity of
renewable energies and the current request for energy do not correlate, improved flexib|lity of
produgtion systems regarding energy consumption will offer an effective levebhere.

A deckntralized energy network is a network of prosumers, who can assume both the rolg of an
energly consumer and the role of an energy producer. It is the task of the operator pf the
decerjtralized energy system to control the prosumer by means(of load management. Supply
and demand are synchronized in such a way that network<&stability is ensured whilg also
providing energy to the individual manufacturing companies according to the underlying gnergy
contrgct.

In thid use case, the production system is considered<as a prosumer in a decentralized gnergy
netwdrk, where the manufacturing company has signed an energy contract with an opergtor of
a decentralized energy network. From the manufacturing company's point of view, this contract
regulates the conditions under which the mantfacturing company can consume energy from
and provide energy to the decentralized energy network. An essential aspect of this contract
will bg the handling of energy peaks.

In addition to the contractual agreement between the manufacturing company and the opgrator
of the|decentralized energy network, there is a technical interface between these two parfies to
enable the synchronization of lead management during the operation. This interface ingludes
aspedts such as measuring.energy consumption, but also possibilities to control a prosumer by
the operator of the decentralized energy network. Usually, the operator of the decentrplized
energT/ network specifies this interface. As part of this use case, the manufacturing company
will upgrade the production system to implement this technical interface.

In thig respect;this use case is an extension of the use case “Design for energy efficiency”,
wherd in addition to optimizing the energy due to the volatility with respect to the orders of the
manufactdring company, the volatility of the energy price will also be considered. This makes
the undeflying optimization problem more complex.

From the manufacturing company's point of view, this use case is not limited to a single location,
but can be applied to multiple sites, as far as all sites participate in the same decentralized
energy network.

6.5.3.3 Business context

Figure 54 illustrates the business roles involved in the use case “Design for participation in
decentralized energy networks”.
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Figure 54 — Business context of “Design for participation in decentralized energy
networks”

6.5.3.4 Technical perspective

Figurg 55 illustrates the human and technical roles involved in the use_cCase “Design for
partic|pation in decentralized energy networks”.
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Figure 55 — Technical perspective of “Design for participation in decentralized energy
networks”

6.5.3.5 Interaction of roles

Regarding the interaction of roles, this use case is structurally congruent with the use case
“Design for energy efficiency”. For this reason, only the supplements to the use case “Design
for energy efficiency” are described here.
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The production system architect and the software developer structure the production system
logically in energy consumer and energy provider, which are then included in the load
management synchronization. To do this, they design and implement concepts that the energy
consumer and energy provider are operated in such a way that the overall business goals of
the manufacturing company are optimized. Here, the required energy consumption for
producing products is compared to the price that can be achieved by selling energy to the
operator of the distributed energy network.

Regarding the underlying energy contract, the production system architect and software
developer will typically come up with solutions where energy consumption peaks are avoided
and energy is used at times when the energy price is low.

Regafding load management synchronization, the production system architect and thesoftware
develpper will typically take precautions to ensure that a safe operation of the production system
is gugranteed and that the satisfaction of the manufacturing company's customers is ensjured.

6.5.3.p Expected change and impact

In principle, the arguments for the use case “Design for energy efficiency?also apply to thjs use
case. [A design of a production system regarding participation in decentralized energy networks
is alr¢gady technically possible today, but to what extent this makes economic sense|for a
manufacturing company will depend on the availability of attractive energy contracts.

6.5.3.]7 Recommendations for standardization

The driving force for the standards required for this use ease will be primarily in the “Smart Grid
Comnpunity”. These upcoming standards will be considered by manufacturing industries and
adaptpd regarding specifics of business-to-busin€ss relations. Specifically, this includes:

o stpndardization of concepts and description of energy price;
e standardization of concepts of energy,contracts;

o standardization of load management synchronization.

6.5.4 Participation in decentralized energy networks

6.5.4.1 Objective

A pro]?uction coordinator,wants to optimize the operation of the production system according to
i

specific KPIs addressing the alignment of the own energy demand and/or supply with the gnergy
priceq offered to the market.

6.5.4.p Overview

This yse case is an extension of the use case "Optimization of energy", where in additjon to
optimizi ility i i i ili price
also is considered with respect to an overall optimization. This makes the optimization task for
production coordinators more complex, but the task itself does not change fundamentally.

For this reason, this use case only describes the differences to the use case “Optimization of
energy”.

6.5.4.3 Business context

Figure 56 illustrates the business roles involved in the use case “Participation in decentralized
energy networks”.
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Figure 56 — Business context of “Participation in decentralized energy networks”

6.5.4. Technical perspective

Figure 57 illustrates the human and technical roles involved in the use case “Participafion in
decenftralized energy networks”.
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Figure 57 — Technical perspective of “Participation in decentralized energy networks”

6.5.4.5 Interaction of roles

In addition to the use case “Optimization of energy”, the production coordinator takes the
constraints of the energy contract into account and considers that the synchronization of load
management can intervene in the control of the production system, which can require
appropriate reactions.
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6.5.4.6 Expected change and impact

See 6.5.2 Optimization of energy.

6.5.4.7 Recommendations for standardization

See 6.5.2 Optimization of energy and 6.5.3 Design for participation in decentralized energy
networks.

6.6 Use case cluster “Design and engineering”

6.6.1 —Seamless-models

6.6.1.11 Objective

A manufacturing company has an interest in managing the increasing technical)complexity of
produgts and production systems to make balanced and secured decisions)<to improye the
workflows, and to reduce the total costs.

The manufacturing company has an interest in making the knowledge of key persons|more
transparent to secure business after retiring of the key persons.

6.6.1.R Overview

The nmpanagement of the increasing complexity from a technical point of view of producis and
produgtion systems is a challenge. This includes a management of cross-references befween
information from different sources, which are semantically identical, in order to have dverall
consigtent information. This applies both to information that represents an actual situatign and
to infqrmation that represents a predicted future, situation.

InfornIation structures are designed by different people. In the context of manufagturing
indusiry, these are essentially the produet developer and the production system architegt. But
there jare also various disciplines involved within product design and production system design
value|added processes, all of which structure the information relevant to them from their
perspgective. This leads to redundancy and dependencies between the information. In addition,
within] a discipline, one consjders the development of information over the time, for exgmple,
information about requirements, concepts, solutions and implementations, which resdlts in
deperjdencies between the.information. In addition, superordinate restrictions are considered.
This goncerns information about externally delivered concepts (non-physical) or compgnents
(physical), which are_integrated into the company's information structures. However, this also
appligds to the management of company-internal specifications, for example, the use of sample
solutipns or libraries.

Howeler,(the knowledge about the various cross-references between the information i$ very
often [in‘the minds of people today, especially the key people. One would like to make |these
cross-referencesmore tlallbpalcllt armdmakethis ;\IIUVViUUIyC more—accessibteand—actionable.

In order to manage the core interdependencies between these different information structures,
the following aspects are formalized within an information structure — that is, a meta model
needs to be described — and made accessible “externally”:

e relations between entities, for example, hierarchy or technological interactions;

e attributes of entities, for example, characteristics and properties;

e relationships between entities, relations and attributes.

Following the same principles, the interdependencies between different structures are
formalized.
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Following this procedure, in the case of changes in information due to the formalized meta-
model hints on the impact of these changes are given. All in all, not all interdependencies need
to be formalized. It is a design decision which relationships are formalized and which ones not.

It is assumed that the production coordinator, the operator production resource, the service and
maintenance provider, and the purchaser will incorporate “their” information into these pre-
designed structures, but do not conceptually design or extend them. The product developer or
production system architect will be notified by them accordingly, see 6.3.3 Feedback loops.

6.6.1.3 Business context
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Figure 58 — Business context of “Seamless models”

6.6.1.4 Technical perspective

Figurg 59 illustrates the human and technical roles involved in the use case “Seamless mqgdels”.



https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

considers and integrates T I

- 98- IEC TR 63283-2:2022 © |IEC
Information Information
about non-  about physical
physical asset asset

2022

T‘EE Q:c IT administrator

&

I I considers and integrates

deve

|

product design ) production plan.

Figure 59 — Technical perspective of “Seamless models”

configures
A4 A 4 A\ A A 4 A 4
' -l- 1 uses uses E“E% uses [ ] uses [ L —, Q
— | +— > <t E—
| ' T 8- il
1 formalizes relations | | formalizes relations 1‘ documentation p roductidn
projuct  product  mapping tool production production tool management
lop. developer system  syst. eng.
topl architect tool

IEC

6.6.1.p Interaction of roles

An 0\1erarching mapping tool within a manufacturing company that complies with a sta

describes relationships and, thus, configures semantic interoperability within each engin

tool ahd between the different engineering teols.

The product developer uses the varioustools in the following way:

e Information from external stakeholders, for examples engineering service proy
syppliers of raw materials and;intermediates or customer requests, is suitably integrg
the meta model.
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The interdependencies are described not only with reference to the product series, but also
with regard to the models of the later produced, delivered and then used physical products,
including the constituents supplied and incorporated therein, and even — in coordination

Wi

th the production system architect — the concrete production steps.

The production system architect uses the various tools in the following way:

Information from external stakeholders, for examples engineering service providers,
suppliers of production resources, components, auxiliaries, raw materials or intermediates,
are suitably integrated in the meta model — in coordination with the product developer.
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e Creative design decisions are documented in the production system engineering tool — as
far as possible — in a model, for example, via a relation that represents the relationship
between a requirement and a chosen solution. This relation is then formalized in the meta
model. This includes, for example, interdependencies resulting from the use of a sample
solution or a template from a library. The production system engineering tool provides
appropriate capabilities to access the internal information model.

e Changes in the life cycle of the production system are also documented and can be referred
to later, see 6.3.1 Administration of assets, and these life cycle-related relationships are
also described in the meta model. And this also applies to the interdependencies that later

re

sult from maintenance, service or disposal.

-
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Simulation in design and engineering

1 Objective

A product developer wants to simulate a model of the designed product to reduce risks resulting
from product design and/or to speed-up the product design.

A production system architect wants to simulate a model of the designed production system to
reduce risks resulting from production system engineering and/or to speed-up production
system engineering.
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6.6.2.2 Overview

It is not the purpose of this use case to explain the broad field of simulation in its details, but —
without pretension to any completeness — to explain some important issues. This use case is
supplemented by the use cases “Virtual commissioning of production systems” and “Simulation
in operation”.

Simulation is a process of using computer-based modeling of a system to understand its
behavior and predict the effect of changes. It is a powerful method for analyzing, designing,
and operating complex systems, a cost-effective way of exploring new systems (as well designs
as processes) without having to resort to expensive pilot programs or physical prototypes.
Simulation_can Ir'srn\/idp a high level of undnrefanding of the chfpm achievable

Simulption has been used for a long time and is, therefore, not new at all. However, the
applidation of simulation is always a trade-off between effort and benefits. Therelis an|effort
made|in advance to create benefits on effects that can arise later, for example, alrisk redfiction
or time or effort savings to eliminate design errors.

There| are different goals and purposes to use simulation. In each_case, a target-ori¢nted,
executable and purpose-based model is needed. Thus, there is not*asingle “model” that can
be usg¢d for a every simulation. Basically, the following sorts of simulation can be distingu|shed:

Simulation models can be run multiple times to develop cases for different operating rgnges.
Steady-state simulation can be applied in design andengineering for testing capabilities of
a pystem and performing “what-if analysis” for sysfem configuration and evaluation gf new
equipment and providing a base to aid inssystem improvements, de-bottlenegking,
troubleshooting, and performance monitoring

. SEady-state simulation provide details of a system under a specific set of cond|tions.

e Dynamic simulation predicts how system variables change with time when moving from one
state condition to another and these values of variables are tracked over a transition pleriod.
Dynamic simulation can be applied ig~design and engineering for providing controllpbility
arjalysis to design an easy to control\system, testing control systems prior to implementation
arld planning startup procedurey and enabling the operations staff to gain a petter
urlderstanding of their operationis through simulated training exercises, see also(6.6.3
Virtual commissioning of production systems and 6.6.5 Immersive training of prodjiction
syistem personnel.

Typicxlly, the creation_ofimodels is expensive. Therefore, one considers whether to [reuse
existing, for example-geheric models, instead of creating new models for each own pufpose.
But this is always.trade-off between objectives, efforts and benefits. Typically, in the|early
stages of design-and engineering, there are used quite abstract models — technical details are
still ngt yet known — and theses models a successively refined during design and enginegring.

It is gurposeful, especially with regard to the use case “Virtual commissioning of prodpction
systems’yto conceptually separate, in particular for production systems, early in desigh and
engineering between the model of the technological process, which is later replaced by a
corresponding technical system, for example, production resources, and the control of the
technological process, which is later typically implemented by a process control system.

To model such a technological process, the intended physical process is represented by means
of a reproducible, mathematical form. Typically, this is based on configuration of prebuilt entities
in a sequential modular flow sheeting environment and modeling is done in terms of equations
through an equation-oriented package. To achieve high fidelity simulation environments
comprehensive physical and thermodynamic property databases are used.

It is possible to abort a simulation at a certain point in time, to save the current state and to
reinitialize it at a later point. Also, it is possible to overwrite the simulation model input and
output signals in order to test faulty states. A simulation run can be accelerated or decelerated
in relation to real time. In this way, for example, intermediate states that are irrelevant for the
test can be accelerated.


https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

IEC TR 63283-2:2022 © |IEC 2022 - 101 -

6.6.2.3 Business context

Figure 60 illustrates the business roles involved in the use case “Simulation in design and
engineering”.
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Figure 60 — Business context of “Simulation in design and engineering”

6.6.2.4 Technical perspective

Figurg 61 illustrates the human and technical roles involved in the use case “Simulatjon in
desigh and engineering”.
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Figure 61 — Technical perspective-of “Simulation in design and engineering”

6.6.2. Interaction of roles

The pfoduct developer considers‘the results of the design activities and designs in a creative
step which properties of the design artifact are secured by a simulation. The product devg¢loper
uses a product development-tool to execute the development activities.

The pfoduct developér ,considers the available simulation models regarding the specific prpblem
and irjtegrates these ‘models into a simulation tool. The product developer adds further models
that afe neededito-perform the intended simulation. These further models are developed by the
produgt developer.

The product deveIoper uses the product deveIopment tooI to generate an overall confrguration
of the's = ' e
minimize the effort requrred to create the srmulatlon

After these preparations, the product developer carries out the actual simulation runs and
interprets the result of the simulation runs regarding whether the design artifact solves the
problem. The product developer will then decide, for example, to make changes to the design
artifact, or to change the problem or to change the simulation model.

The production system architect works in the same way as the product developer using the
production system engineering and simulation tool.
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6.6.2.6 Expected change and impact

In principle, simulation is already used nowadays in design and engineering. Simulation is in a
field of “tension” between the capabilities of available simulation tools, the skills of the human
actors in using of simulation, the effort to create an adequate simulation model, the quality or
reliability of the used models, the costs for the required computing capabilities on one side, and
on the other side the benefits provided by a simulation. Here, the development of technologies,
tools and models can result in a “tipping point”, where suddenly in a concrete application area
a simulation can be created and carried out economically. In addition, models are increasingly
being supplied in a standardized manner, which, on the one hand, reduces the cost of model
building from the user's point of view and, on the other hand, improves the quality of the models
used. In addition, the available models are increasingly better aligned and can, therefore, be
reusefd more easily. This helps gaining benefits from simulation easier.

Consgquently, the use case will result in an improvement of design and engineering|by seguring
desigh decisions at an early stage.

6.6.2.]7 Recommendations for standardization

generption of the entire simulation model from the individual sub models (here is distingdished
between rather loosely coupled black-box sub models and rather)strongly coupled whife-box
sub models), the description of the content of sub models (particularly important in the case of
white{box sub models) and the requirements for a runtime environment to execute the indiyidual
sub models (particularly important in the case of black-bgx sub models).

Stan(jFrdized models: This concerns the structure with respect todnterconnect modelg, the

Standfardization of specific purposes of models (for example, 3-dimensional models) and, pbased
on this, standardization of certain abstraction levels,of modeling, so that corresponding models
can also be provided by suppliers of assets:;However, this is a complex field of “tepsion”
becayse the purposes can be very different, and some simulation tool provider offer for specific
purpoges solutions with corresponding unigue selling points on the market.

6.6.3 Virtual commissioning of production systems
6.6.3.1 Objective

A progluction system architect-wants to validate process control software early to reducgq risks
in and time needed for commissioning.

A manufacturing company wants to train operators of the production systems to early improve
the ramp up of a-production system from handover to operational mode.

6.6.3.R Overview

This yselecase is a special case of the use case “Simulation in design and engineering’ with
focus on the tater engineering pnases and the commissioning oT the production system. In
contrast to the use case “Simulation in design and engineering”, however, here the simulation
does not exclusively use entities of the virtual world but in combination with already existing
physical parts of the production system. The physical process control system of the production
system is coupled with a simulation in a factory acceptance test prior to a site acceptance test.

One of the challenges of creating process control software is that it can only be tested after
complete installation of mechanical and electrical engineering and the process control system.
Today, this results that many errors in the process control software are only found on the
construction site and debugging is executed under massive time pressure. In order to be able
to test the process control software earlier, the process control system is built up physically,
but not coupled with the not yet physically existing technological process, but with a dynamic
simulation simulating the technological process. The main purpose is to ensure that actual
control system software will operate properly.
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The minimal setup for the simulation is the connection to the control system on an input/output
level and reacting on outputs of the process control system and providing input to the process
control system. However, this also means that the technological process in terms of its behavior
in real time is adequately represented by the simulation model.

The use of a simulated process also offers advantages in terms of safety. In case the
automation system fails, no damage can occur to persons, the environment, the production
system or the produced product. Conversely, simulating the technological process offers the
possibility to determine the damage resulting from a failure of the automation system without
hazard. It is also possible to set the simulation to a defined initial state and a sequence in which
a fault has been identified and corrected can be simulated again.
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3 Business context

62 illustrates the business rolesnvolved in the use case “Virtual commission
ction systems”.
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6.6.3.4 Technical perspective

Figure 63 illustrates the human and technical roles involved in the use case “Virtual

comm

issioning of production systems”.
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Figlire 63 — Technical perspective of *Virtual commissioning of production systems”

6.6.3.p Interaction of roles
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The production system architect configures the process control system and system integrator

install

s the process control system according to this configuration.

The production system architect configures the interface between simulation tool and process
control system and system integrator installs the interface according to this configuration.

The production system architect uses the production system engineering tool to generate an
overall configuration of the simulation — as far as the production system engineering tool offers
such capabilities — in order to minimize the effort required to create the simulation and manually
extends the result by further required information.

Having these preparations completed the production system architect can validate the process
control software.
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Subsequently, the system integrator builds up the production system successively, and the
production system architect replaces the corresponding simulation models with the parts of the
production system that are already physically erected. The production system architect uses
the production system engineering tool for these activities.

6.6.3.6 Expected change and impact

In principle, the arguments for the use case “Simulation in design and engineering” also apply
to this use case. In addition, the use case supposes that today's asset-specific models are
subject to more uniformity and can therefore be easily interconnected for simulation.

6.6.3.7—Recommendationsforstandardization
Following recommendations for standardization have been identified:

e Sflandardization of simulation models for production resources, specifically forthe purpose
offvalidating process control software.

e Standardization of the input/output interface between a simulation_and’a process dontrol
sylstem.

There| are further stages conceivable that a process control system“is not physically built, but
only nuns virtually on a generic computing infrastructure. This ‘requires a standardizatjon of
proceps control systems regarding their structure and runtime“capabilities.

6.6.4 Optimization in design and engineering through machine learning
6.6.4.11 Objective

A prodluct developer and/or a production systemyarchitect want to be supported in the exegution
of non-creative activities.

A mapufacturing company has an interest in making the knowledge of key persons|more
transparent to secure business afterretiring of the key persons.

6.6.4.R Overview

The pgroduct developer and/or production system architect execute creative activities during
desigh and engineering.and evaluate the outcome of their work to determine the extent to which
their greative design decision will serve their intended purpose. They revise their decisign and
make|a new decision:“Over time, patterns of goal-oriented and less-targeted solutions will be
creatgd, and theselabeled solutions are collected in the context of this use case. This collgction
is usgd to generate “suitable” suggestions to the product developer and/or production system
architect tosupport the decision making.

This Use. case is quite generic and postulates that machine learning methods are used to ¢reate
a suitable model for generating suggestions for design decisions. In practice, there are already
various, sometimes quite specific, applications implemented. Overall, there is currently a
dynamic environment in which such approaches are evolving technologically.

The use case is conceptually identical to the use case “Optimization of operation through
machine learning”, except that the application here is in the value added processes of design
and engineering. The use case “Self-optimization of production resources” is also comparable,
but in this use case it is assumed that the collection of the training data for machine learning
and the training of the model is driven by the same company and therefore the contractual
agreement regarding usage of data is easier to design.

The application of machine learning is an extension of software engineering life cycle regarding
verification and validation as well as change control regarding the manufacturing environment.
Both require traceability of all entities such as reference input training data sets, data ingestion
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to digital workflows, algorithms creating models and any output in form of digital decision
workflows, whether safety critical or not.

6.6.4.3 Business context
Figure 64 illustrates the business roles involved in the use case “Optimization in design and
engineering through machine learning”.
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Figure 64 — Business context of “Optimization in design and engineering through
machine learning”

6.6.4.4 Technical perspective

Figurg 65 illustrates the human and technical roles involved in the use case “Optimizafion in
desigh and engineering through machine learning”.
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Figure 65 — Technical perspective of “Optimization in design and engineering through
machine learning”

6.6.4.5 Interaction of roles

The data scientist develops and trains a prediction model: Using data mining and machine
learning methods, the data scientist prepares and trains a prediction model on the basis of
initially available data until a maturity of the prediction model is achieved, that the prediction
model can be used for an optimization of design and engineering value added processes.


https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

- 108 - IEC TR 63283-2:2022 © IEC 2022

The software developer develops a prediction model execution and integrates it: The software
developer uses the prediction model provided by the data scientist and integrates an execution
of this prediction model in the context of an engineering tool landscape of a manufacturing
company, especially consisting of a product development tool, a production system engineering
tool and a mapping tool. An IT administrator can be involved, but this is not illustrated in the
graphical representation of the technical perspective.

The prediction model is executed while the engineering tools are used along the entire life cycle
of the product series and production system: The execution of the prediction model performs
the following tasks:

° suagestions—of design-decisions—to-the nroduct developer and/or the nroduction-system
T ) 1 g g

architect;

e cdllection of data about the usage of the engineering tools by the product developer and/or
the production system architect.

The dpta scientist optimizes the prediction model: Based on the data provided‘from the tsage
of thel engineering tools by the product developer and/or the productionssystem archite¢t and
the repction of the prediction model execution, the data scientist optimizes)the prediction model.
At sofne point in time, the data scientist provides the software developer an update pf the
predigtion model from which the software developer, in turn, generates an update o¢f the
predigtion model execution.

The spftware developer provides an update of the prediction) model execution: The integ(Lration
of sugh an update is feedback-free, without affecting the<work of the users of the enging¢ering
tools.

6.6.4.p Expected change and impact

The Use case supposes the application of machine learning, which in today’s practice |is not
widely used. However, the challenge is thatithe data available for learning is representatije and
that meaningful and actionable suggestions are generated for the product developer and/or the
produgtion system architect.

The value proposition behind this-use case is the reduction of the effort for the prediction model
desigh and especially the predi¢tion model maintenance along the entire life cycle of the pfoduct
serieq respective productigon system.

6.6.4.[7 Recommeéendations for standardization

The Workflows @nd mechanisms related to machine learning should be standardized| This
concerns the (initial modeling, the generation of a prediction model execution from a mogel as
well gs the-incremental improvement of a created prediction model. Nevertheless, the subject
is curfently-evolving in a dynamic environment.

6.6.5 Immersive training of production system personnel
6.6.5.1 Objective

A manufacturing company wants to train production system operators and service and
maintenance providers before or while the production system is constructed so that dangerous
and complex training scenarios can be executed in a virtual and therefore safe environment.

6.6.5.2 Overview

In this use case virtual reality is a simulated experience that is like the real world. Currently
standard virtual reality systems use either virtual reality headsets or multi-projected
environments to generate especially realistic images that simulate a user's physical presence
in a virtual environment. A person using virtual reality equipment can move around in the
artificial world and interact with virtual features or items.
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This technology is available in principle, but the effort required to use the technology to train
production system operators or service and maintenance providers is often still too high from
an economic point of view. This affects decreasingly the physical equipment required, but more
the project-specific engineering effort to configure a virtual reality environment.

The essential levers to reduce this engineering effort have already been explained in the use
cases “Seamless models” and “Simulation in design and engineering”. Nevertheless, the main
challenges of this use case can be summarized as follows:

e Reduction of the effort to create suitable models: On the one hand, this concerns the virtual
reality model of a production system for existing virtual reality platforms. On the other hand,

th
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s concerns-the simulation model of the nroduction svstem see also use case “Simu
Lug J ’

lation

design and engineering”.

e Reduction of the effort to integrate and combine different models: This concerps.the

re

ddta of the production system.

e C

eation of a simulation model of the production system, which is_accurate enou
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e Reduction of the effort for creating training scenarios including ‘the authoring methgds to
prpvide the appropriate data for a training scenario.

e De¢velopment of suitable methods for virtual collaborationiin the area of training prod
sylstem operators or service and maintenance providers:
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production systems.

3 Business context
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Figurg 66 illustrates the business roles involved in the use case “Immersive training of
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Figure 66 — Business context of “Immersive training of production system personnel”

6.6.5.4 Technical perspective

Figure 67 illustrates the human and technical roles involved in the use case “Immersive training
of production system personnel”.
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5 Interaction of roles

roduction system architect considers the available simulation models to be used f

mulation tools. The production systemcarchitect adds further models that are need
m the intended simulation. These further models are developed and integrated |
ction system architect, see also:66.2 Simulation in design and engineering. In

priate engineering _data of the production system, for example, the procesq

er to minimize the effort required to create the simulation.

platferm based on engineering information of the production system and the sy
tion.model. Especially a 3D model of the production system can be used to cre

virtua

2022

or an

sive training of the production system personnel, for example, simulation modgls of
ction resources provided by the production;resource supplier, and integrates these models

ed to
y the
many

a production system simulation_is*already available from the virtual commissioning |of the
ction system and can be reused; see 6.6.3 Virtual commissioning of production systems.

roduction system architect uses the production system engineering tool and sglects

and

mentation diagrams-fo create an overall configuration of a simulation of the prodiiction
ties —

irtual
ecific
ate a

reality model of the production system. The production system architect combings the
reality model and simulation model to get an immersive fraining environment especially

for production system operators. The production system architect combines the virtual reality
model and other engineering data of the production system to provide service and maintenance
providers information on the various equipment of the production system.

The production system architect also provides appropriate training scenarios specific to the
production system operator and service and maintenance provider respectively. On this basis,
production system operators can use the virtual reality platform to be trained how to start up,
operate and shut down the production system. In addition, service and maintenance providers
can use the virtual reality platform to be trained how to execute maintenance operations on

produ

6.6.5.

See u

ction system equipment.

6 Expected change and impact

se cases “Seamless models” and “Simulation in design and engineering”.


https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

IEC TR 63283-2:2022 © |IEC 2022 - 111 -

6.6.5.7 Recommendations for standardization

See use cases “Seamless models” and “Simulation in design and engineering”.

Methods, best practices, recommendations, and guidelines how to use virtual reality for the
training of production system operators and service and maintenance providers.

6.6.6

Co-creation in design

6.6.6.1 Objective

ers in the design process, i.e. designing the product right.

The manufacturing company wants to involve suitable competencies, to,.use appro
comp
some
all de
desig

6.6.6.

Co-cr
mutudlly valued outcome. From a manufacturing companies perspective co-creation
blend
the organization. Co-created value typically arises in form of personalized, unique experi
for the¢ customer. As a result, a manufacturing company can improve its customer loyalt

bnents, and to apply best technologies in the overall design progess; in ad
imes a manufacturing company wants to integrate non-business stakeholders in the]
5ign process, for example a community, to achieve a requirement ¢onverge to a real
n of product more effectively.

] Overview

of ideas from customers and other external stakeholders which gives many new id

the pgtential for ongoing revenue. This also results in learning for the manufacturing con
regardiing the optimization of existing products'and the development and market launch g
Cts.

produ

The focus of this use case is on the~early phases of the design process, both for the pi
and fqr the production system. The use case is complementary to the use cases “Manufac
of ind
ofad

vidualized products” and:‘Outsourcing of production”, which focus on the manufac
eveloped product.

Regafding the application of co-design, a manufacturing company needs to balang
followjing possible conflicting interests:

jo
re

ta

nt creatiomof‘value and aligned shared objectives;

liable elicitation of customer or market requirements;

King\achievable requirements as the core of co-creation rather than the design depat

tions,
ue of

priate
dition,
over-
zable

bation is a management initiative bringing together different parties to jointly develop a

brings
pas to
ences
y with
npany
f new

oduct
turing
turing

e the

tment

wi|thin the enterprise;

keeping the design of the product and all related information under control;

involvement of suitable competencies, usage of appropriate components, application of best

te

chnologies, and controlling of schedule, quality, and cost;

satisfying laws, regulations, rules, and specifications related to the co-designed products.

To be able to use co-design, a manufacturing company needs the following capabilities:

clear understanding of the own core competencies focused not only on technology, but also
on domain know-how and market and business understanding;

ability to assess the potential and impact of new methods, for example, hackathons, for the

cr

eation of ideas and elicitation of customer requirements;

ability to assess an appropriate degree of openness and the required features of a
collaboration platform to attract and integrate the best suitable external stakeholders;
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o flexible use of services delivered by novel business stakeholder, for example marketplaces,
distinguished specialists, or freelancer;

e ability to maintain stable communication between external stakeholders and customers and
compatibility with the interfaces, protocols, or other basic requirements to support the
product and production system architecture;

e modular functions or models that can be invoked by stakeholders Including systematic
simulation and verification capabilities;

e ability to access the production capabilities of the manufacturing company.

Depending on a concrete application there is a high investment for the installation and operation

f PP ok L Loif.
Ol a sptfrapre—comraporatortpPratrori:

Overdll, this use case addresses less technical challenges because there are no major bgrriers
from 3 technical point of view, but rather the challenges in terms of strategy andthe“design and
management of the design processes. In addition, cultural differences are alse ‘Considefed in
co-depign as well as changes in the customs and expectations of future generations.

6.6.6.3 Business context

Figure 68 illustrates the business roles involved in the use case /Co-creation in design”.

manufacturing service
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™ o ® 0o °|
[ —/ i
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=~non-physical value added process
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Figure 68 — Business context of “Co-creation in design”

6.6.6.4 Technical perspective

Figl.ll' o9 ttustrates the human and technicat Toles nvotved I the Use case Co-creation in
design”.
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6.6.6.p Interaction of roles
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Figure 69 — Technical perspective of “Co-creation in design”

From |a technical point of view this use case.is*based on the operation of a collabofration
platfofm. The collaboration platform is an:T~infrastructure that enables employees| from
differgnt companies to work together by sharing information in a well-defined way in thg form
of knpwledge pools and by processingginformation using tools. The collaboration platform
provides capabilities to create and structure information content, to configure the procesges of
sharirg and exchange of information,Jand to manage and control the overall processes YVia an
autonjated workflow engine. Typically, the individual employee who works with the collaboration
platform is very free to design.the own way of working. The employee also has the greatest
possible control over which ef’the own information is made accessible to which employee in

which|form and how and when this information is made available.

A challenge provider publishes a problem to be solved in the form of a challenge.

This challenge'is published on a challenge board. In addition to the challenge, the| rules
adsociated_with solving the challenge are defined, such as the success criteria for the
adceptance of a solution and the rules regarding a reward for solving a challenge. However,
the €hallenge provider also specifies which employee who works with the collabgration
platform can see which challenge and proposed solutions and can also specify an dverall
procedure to be followed when solving the challenge. The possibilities for designing such a
set of rules to solve a challenge are very diverse and the challenge provider needs to give
conscious thought to the design of this set of rules.

There are two different types of challenges. On the one hand, a challenge provider can
formulate business challenges about market needs, such as how to increase the market
acceptance of a product or asking for ideas for new product features. Typically, such
challenges are formulated by a product manager. On the other hand, a challenge provider
can also formulate a technical challenge for which a technical solution is requested. Such
challenges are often formulated by a product developer, software developer, production
system architect, cyber security architect, production coordinator or cyber security
coordinator.

If proposals for solutions for the formulated challenge have been published via the solution
board, the challenge provider will evaluate the proposals and reward the employee, who
proposed the solution, accordingly.
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The formulated challenges are perceived by a community in the form of employees who work
with the collaboration platform. These challenges are taken up on their own initiative.

This community can be divided into two groups. On the one hand, there are employees who
act in the role of a customer and are therefore able to formulate a challenge or requirement
more precisely. Sometimes, it is necessary to judge whether the challenge or requirement
can be achieved. On the other hand, there are employees acting in the role of architects
who formulate concrete solutions for challenges or requirements.

The community can use a knowledge pool that is made available by the collaboration
platform. The employees work with suitable tools that also are made available by the
collaboration platform. Employees in the role of customers typically use documentation

t 1 ol l + 4l l £ ot + + + Ll 2l H 4 l
OJIO, WITITC TIIMTPIVYTTO 11T T TUTT UT Al UTTTITULlo Ty Jivdily UotT UTOolTylT LTUUITS.

The members of the community are free to use the provided knowledge pool and t60Js{ They
cgn also decide on their own to whom and in what form they will provide the)information
they have elaborated. After all, they decide when and in what form they publish a sqglution
or the solution board.

The Il administrator is responsible for the configuration of the collabération platform| This
includes the administration of basic access rights, the administration_of_basic structureg such
as thg knowledge pool structuring, the administration of usage rights with regard to theg tools
provided by the collaboration platform, and the configuration of the basic processes, but also
the implementation of the rules defined by the challenge ptovider with the means |made

available by the collaboration platform.

6.6.6.p6 Expected change and impact

This lise case supposes that external stakeholdets are involved in the early phases pf the
desigh processes. The possibilities and areas of<application are very diverse, and the g¢neral
principle of the use case is often already being’Zimplemented, while rarely to the full extént as

described in the use case.

From|an overall perspective an incremental further penetration of this use case is |to be
expedted, which will also be strongly)influenced by the individual customer segments. Those
compgnies that specifically implemént this use case will have a competitive advantage by

improying their innovative strength.

6.6.6.[7 Recommendations for standardization

Following recommendations for standardization have been identified:

6.7

Standardized ‘description of requirements, concepts, and solutions used as basfis for
cdllaboration*in the early phases of the design process between various stakeholderg from
different:legal entities

Standardized structure of and tagging entities in libraries and knowledge poo¢ls of
reﬁm&m&s—w&p&s—_ ; : i

Standardization of usage conditions and usage rights for information and especially models

Best practices for collaboration in the early phases of the design process with external
stakeholder

Use case cluster “Product and production services”

6.7.1 Value-based services for production resources

6.7.1.1 Objective

A value-based service provider offers value-based services to a manufacturing company to
improve the usage of a production resource.
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The manufacturing company wants to optimize the usage of the production resources and
decides to which extend taking advantage of offerings of value-based services for the
optimization.

6.7.1.2 Overview

This use case generally describes the underlying mechanisms for offering value-based
services, but not the specific content offered as a value-based service. The use cases “Update
and functional scalability of production resources”, “Condition monitoring of production
resources”, “Self-optimization of production resources”, “Benchmarking of production
resources” and “Production resource as-a-service” are special cases that all follow the

mechwwmmmmmmﬂf the
specific content.

This Use case is characterized by the fact that it can be implemented differently from-a buginess
perspgective, see some examples described in [11]. It is important to note that/in a specific
busingss implementation, several business roles can be implemented by the-same company,
for example both the offering of the production resource and the offering of the value-pased
servige. An analysis of such examples, which are today already obséryable on the mparket,
showsg that this results in business model innovations in accordance_ with the definition pf the
St. Ggllen business model navigator, see [12]. But the consideration of the business persppgctive
is outtof-scope of this document.

Often| the production resource supplier is the driver for thiS'use case. On the one hanf, the
produgtion resource supplier usually has the best understanding of the capabilities of the own
produgtion resources. The production resource supplier/incorporates suitable competence for
the prpvision of value-based services, for example,.from the field of data analytics. On the other
hand,|the production resource supplier wants towetain the access to the own customers and,
therefore, avoid third-party vendors offering (value-based services for the own prodjction
resoufces. In addition, the market for new production resources is declining and therefofe the
produgtion resource supplier tries to generate new sources of revenue from services fpr the
installed base.

From |the point of view of a production resource supplier it is important to define a sditable
markgt segmentation. Not necessarily each of the customers will be interested in such yalue-
based services, because information is exchanged for the benefits of such services, which is
worth[for a customer to be not divulged but protected.

Also important is the(strategic positioning of the production resource supplier regarding the role
of thel computing_and connectivity infrastructure operator (“lloT-platform”). The infrastrlicture
can ejther be operated by the production resource supplier, which was often the case [in the
past, pr by an(independent operator — especially here currently a great momentum in the market
can bge observed — but also a manufacturing company — in particular If this is a large company
— can foreg' the production resource supplier to implement the value-based service |n the
manufactdring company's infrastructure.

Typical examples of value-based services include providing remote access to a production
resource, offering a mobile operation capability of a production resource, providing diagnostic
capabilities, including ordering spare parts, offering and selling technology parameters for the
production resource for the purpose of optimizing the use of the production resource, optimizing
the placement of tools in a tool magazine or condition monitoring as described in the use case
“Condition monitoring of production resources”.

For these use case, the production resource supplier, the supplier of value-based and the
manufacturing company agree in advance in terms of data access and data usage based on a
legal contract.
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Figure 70 illustrates the business roles involved in the use case “Value-based services for

production resources”.
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Figurg 71 illustrates the human and technical“roles involved in the use case “Value-

gure 70 — Business context of “Value-based seryices for production resources”
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Figure 71 — Technical perspective of “Value-based services for production resources”
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6.7.1.5 Interaction of roles

In this use case, the computing and connectivity infrastructure (“lloT-platform”) will be provided
with corresponding capabilities. The computing and connectivity infrastructure is an important
technical enabler for this use case, but here the use case is considered from the perspective of
the provider of value-based services.

The data scientist develops needed pattern recognition capabilities: The result of this activity
are software applications capsulizing certain pattern recognition capabilities, which can be used
by a software developer to create a software application. This activity can be executed as an
independent business role, which will be purchased by the software developer developing the
value-bhased service

The spftware developer develops value-based service: This activity includes the development
as well as the test. The result of this activity is a software application. Typically,-well-foinded
know-how of the technological context of the underlying the production resource.is’the basgis for
the d¢velopment. Therefore, this activity is typically not executed as an independent buginess
role. In most cases, the production resource supplier performs this role, but sometimes algo the
compuiting and connectivity infrastructure operator, especially when ifreomes to more|basic
functipns such as payment or more generic value-based services suc¢h-as visualizations.

The $ystem integrator connects production resource to thé“eomputing and conneftivity
infrasfructure: This is an activity as it is done today in the erection of production sydtems.
Typically, this will be done by the owner of the production resource. Mostly this [s the
manufacturing company today. For as-a-service business models, see 6.7.3 Prodpction
resoufce as-a-service, this can also be the production/resource supplier or an indepgndent
finandial services provider. From a technical point of view, the connection depends gn the
capalilities of the computing and connectivity infrastructure.

The spftware developer deploys and tests the'value-based service: This is a development and
comrr]Lssioning task that is basically identieal to the development and commissioning of control
systeqs of production systems.

Execdtion of value-based serviceilBased on the usage information provided by the prodpiction
resoufce, using the computing-and connectivity infrastructure, the value-based servjce is
exeCthed or made available\to the manufacturing company. According to the legal contract
conclliided between the previder of value-based service and the manufacturing company, pilling
also takes place. It is quite conceivable that the manufacturing company can be offered dertain
valuetibased services based on a freemium model.

Based on the feedback of the manufacturing company with respect to the value-based sdrvice,
the so¢ftware 'developer improves the value-based service. Again, this is a typical software
develppment activity. At some point in time, the software developer provides an update of the

valueibased service, which then will be provided to the manufacturing company accordjng to
the |emwwwumw = ' uring

company.

Based on feedback of the software developer, who has developed the value-based service, the
data scientist will improve the pattern recognition capabilities, and, at some point in time,
provide an update of the pattern recognition capabilities.

6.7.1.6 Expected change and impact

The use case supposes the connection of production resources to a computing and connectivity
infrastructure. In principle, this use case can already be implemented today and there are
already numerous implementations on the market. However, the development of the computing
and connectivity infrastructure as new offerings to the market have the effect that cost for the
required connectivity capabilities are declining, so that value-based services can be
implemented more cost-effective.
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Consequently, the use case enables a production resource supplier to offer (new) value-based
services.

6.7.1.7 Recommendations for standardization

Following recommendations for standardization have been identified:

e Standardization of the connectivity of production resources to a computing and connectivity
infrastructure: In addition to the semantic aspects already described in the use case
“Standardization of production technologies”, the aspect of cyber security should also be
taken into consideration, which should also be based on appropriate standards.

Liction
lease

e Sflandardization of the capabilities of a computing infrastructure regarding a ryntime
erfjvironment for value-based services.

e Sflandardization of the business processes for offering value-based iservices, suph as
dgployment, update (see 6.3.4 Update and functional scalability of production resources) or
the contractual management and billing.

6.7.2 Benchmarking of production resources
6.7.2.1 Objective

A prodluction resource supplier has an interest in sellingvalue-based services, in this usg case
benchmarking services, to a manufacturing company‘to ‘generate additional revenue strepms.

The manufacturing company wants to optimize the usage of the production resourcep and
decides to which extend taking advantage of . a’lbenchmarking offerings of a production resource
supplier.

6.7.2.R Overview

This |s a special case of the use case “Value-based services for production reSOUJ:ces”.
Thereffore, only the differences'to the use case “Value-based services for production resolirces”
are explained in the description.

Althoygh typically the lindividual context, in which a production resource is used, is different,
manufacturing companies have an interest in learning from others, especially outside of their
own industry. They*want to know how their usage of the production resources is related
compgred to ,a¥<cross-company usage in order to get hints for optimizing efficiency and
effectlveness.~This use cases can also be applied in-house if, for example, a manufagturing
compg@ny oOperates a large fleet of similar production resources.

The production resource supplier anonymizes the Information provided by the various
production resources and relates the information from the considered production resource to
the anonymized information from the other production resources.

The use case stands and falls by how representative the usage information provided by the
connected production resources is. Note that not every manufacturing company is willing to
provide usage information from the own production resources to third-parties, or the
manufacturing company determines what information will be provided.

This is an example of a “classical” subscription-based value-based service, where typically
registration is as easy as possible from a manufacturing company's point of view. There can be
different layers of detail — depending on the contract concluded between production resource
supplier and manufacturing company — regarding the provided benchmarking information.
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Figure 72 illustrates the business roles involved in the use case “Benchmarking of production

resources”.
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Figure 72 — Business context of “Benchmarking of production resources”

Figurg 73 illustrates the human and techmical roles involved in the use case “Benchmarkling of

produgtion resources”.
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Figure 73 — Technical perspective of “Benchmarking of production resources”

6.7.2.5 Interaction of roles

The value-based services according to the use case “Value-based services for production
resources” are the benchmarking services. Typically, benchmarking services do not require as
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much pattern recognition capabilities as other value-based services, such as dedicated
condition monitoring services.

When developing the benchmarking service by the software developer, the various contracts
with different manufacturing companies are considered. The processing of the usage
information of the production resources connected to the computing and connectivity
infrastructure complies with the agreed terms of use in the corresponding contract.

This use case is an example, where the computing and connectivity infrastructure is usually
determined by the production resource supplier. The production resource suppler ensures that
the various productlon resources are connected to this mfrastructure via smtable connect|V|ty
capab i i i
or by connect|V|ty to another computing and connectivity infrastructure, for exampleope¢rated
by thg manufacturing company.

6.7.2.p Expected change and impact

See Use case “Value-based services for production resources”. The use Case describes an
effect|that can be achieved if as many production resources as possible are connectedl to a
compliting and connectivity infrastructure.

Consequently, the use case scales the better, the easier it is.to’connect production resdqurces
to a cpmputing and connectivity infrastructure.

6.7.2.7 Recommendations for standardization

Standfrdized key performance indicators (KPIs)\of production resources, which cgn be
considlered as a special case of the use case “Standardization of production technolpgies”
shouldl be considered. It is even possible to define standardized visualization entities for|KPIs.

6.7.3 Production resource as-a-service
6.7.3.1 Objective

A profluction resource supplietshas an interest in selling value-based services, for exgmple,
produgtion resource as-a-service, to a manufacturing company to generate additional reyenue
streams.

The manufacturing Company wants to optimize the usage of the production resourceg and
decidgs to which.extend taking advantage of a production resource as-a-service offering of a
produgtion resoufce supplier.

6.7.3.R Overview

This is—a_special case of the use case “Value-hased services for production resources”.
Therefore, only the differences to the use case “Value-based services for production resources”
are explained in the description.

If a production resource is offered as a service, the production resource is no longer sold to the
manufacturing company as a physical product, but the production resource is made available
to the manufacturing company and the manufacturing company pays for the concrete usage.
Typically, on the one hand a performance of the production resource is guaranteed and on the
other hand the manufacturing company assures a certain utilization of the production resource.
Various models are conceivable, even that both parties benefit from realized savings
(performance contracting). From a business perspective, there is usually a shift in risk between
the parties.
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These models are also becoming increasingly popular in the manufacturing industries; in
particular, this is observed on the market in the auxiliary processes of a manufacturing
company, such as the provision of compressed air or power supply.

On the one hand, systematic monitoring of the production resources offered as-a-service, which
are usually installed in different locations, is important in order to be able to remotely monitor
to what extent the use of the production resources by the manufacturing company is compliant
to the contract, on the other hand, to ensure the guaranteed performance of the production
resource and, for example, to be able to optimize the maintenance work, see 6.4.1 Optimization
of operations.
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6.7.3.p Business context
Figurg 74 illustrates the business roles involved inxthe use case “Production resource
servige”.
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Figure 74 — Business context of “Production resource as-a-service”

6.7.3.4 Technical perspective

Figure 75 illustrates the human and technical roles involved in the use case “Production
resource as-a-service”.
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5 Interaction of roles

alue-based service according to the use case “Value-based services for prod
rces” is here the as-a-service business modelfor a production resource. In addition
cal aspects, business aspects are of central importance in this use case, regardir
| of business risks. However, this documeént only highlights the technical perspectivg
cal pattern recognition capabilities provide basic information that are evaluated f
bss perspective, especially with respect to the contract design and the revenue mo

pnnection of the production resource in this use case is typically paid by the prod
rce supplier.

omputing and connectivity infrastructure in this use case is usually determined [
ction resource supplier.

on the analysis of the usage information of the production resource, the prod
[ce providerwill provide the manufacturing company — depending on the cont
ation régarding a technical use of the production resource, but also document

compliant use* of the production resource by the manufacturing company as basis for th
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management against the manufacturing company.
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6.7.3.6

Expected change and impact

See use case “Value-based services for production resources”. Today the use case often is
implemented based on specific connectivity solutions developed by the production resource

suppli

6.7.3.7

er.

Recommendations for standardization

Standard and/or sample contracts for as-a-service models for production resources should be
considered.
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Use case cluster “IT-infrastructure and software”

Device configuration

6.8.1.1 Objective

A manufacturing company wants to avoid a vendor lock-in of supplier of devices and to master
the increasing complexity arising from IT through a flexible deployment of software applications

to the

various devices or to a generic computing infrastructure.

A software application supplier wants to offer software applications, which can be flexibly

deplo

ed to devices or to a generic computing infrastructure.

6.8.1.
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are two sorts of software applications that run on the computing infrastructure:

o function blocks, which are used by a software developer to build a larger software
application, but the software application will later not be used by the software developer;

o ready-to-use software applications, which a user selects from a store according to the own
specific needs and then uses the software application.

Regarding the configuration of the devices, the use case “Plug-and-Produce for Adaptable
Factories” according to [13] is a specific example.

6.8.1.3 Business context

Figure 76 illustrates the business roles involved in the use case “Device configuration”.
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Figure 76 — Business context of “Device configuration”

6.8.1.4 Technical perspective
Figurg 77 illustrates the human and technical roles involved in the use case “[
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Figure 77 — Technical perspective of “Device configuration”

6.8.1.5 Interaction of roles

IEC

evice

The software developer develops a software application and publishes the software application
in a software application store: The creation of the software application is based on traditional
software engineering processes, methods and tools. The software developer defines which
specific requirements are assured by a computing capability so that the software application
can be deployed on it. A software application is self-contained, which means it can be deployed

as a unit and then used.
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The software application store provides software applications to the device management
system. In this context, a version management for software applications is needed.

The system integrator installs and integrates a device into the production system: This includes
the setup of the communication with other devices and the computing infrastructure. It is
conceivable that according to [13], this is done automatically. The device publishes, which
computing capabilities will be assured. For the configuration of the device, the system integrator
uses the device management system. In the case of an exchange of a device by a new device
the configuration information of the old device is automatically provided to the new device.
However, if the new device provides other computing capabilities, further actions can be
needed. When removing a device, the software applications running on it is deployed

elsew are_Aaain—certainasutomaticeme ara caoncaivahla
HeHe— gaH—ee e athtomatSHS—are t H-aoTe-

This Use case assumes that the required computing infrastructure is available.

The device management system will be used by different human roles:

e The production system architect (here in the role of a software.developer): Thi$ role
dgvelops some software application to be used later during operation of the prodjction
sylstem based on the integration of various software application§ provided in a software
application store to a superordinate software application.

e The production coordinator, the production resource operator or the system integrator:
THese roles select some software application from the seftware application store and use
the software application to support their daily work.

applidations: The software applications will be deployed to the computing capabilities pf the
devicgs or computing infrastructure. The devices'ar'the computing infrastructure assure certain
comptiting capabilities, while the software applications require specific computing capabilities.
The depvice management system will guide the' deployment process.

The c[ifvice and computing infrastructure offer computing capabilities for execution of software

6.8.1. Expected change and impact

The ulse case supposes a separation of software development and runtime environmenf{. This
is alrgady the case in classical{F;-but the landscape of devices used in manufacturing indystries
is still quite heterogeneous.\The heterogeneity also applies to the underlying programming
paradjgms for the devices, for example the programming of programmable logic controllers is
typicdlly based on spegific' programming languages.

Consgquently, the use case will reduce the technical system integration efforts and enables the
econdmical implementation of high value automation, process management and degision
suppdrt functions.

6.8.1.]7 Recommendations for standardization

Standardized runtime environment for the devices, including standardization of the computing
capabilities offered by a device and required by a software application.

Standardized software development paradigm in the sense that the following aspects are
standardized:

e characteristics of a software application (according to this use case);

e process how to create a software application;

o features which should be offered by an associated software development environment.

Standardized processes for handling software applications, such as deployment, update or
deletion.


https://iecnorm.com/api/?name=7eed1e3cb6dc5db78bdba1ddbf285974

- 126 - IEC TR 63283-2:2022 © IEC 2022

6.8.2 Information extraction from production systems
6.8.2.1 Objective

A manufacturing company wants to collect information of a production system in a side-effect
free and easy way in order to analyze and process this information using a generic computing
infrastructure.

6.8.2.2 Overview

In this use case, the focus is on the enhancement of existing production systems as a baseline
for the efficient and flexible application of new technologies and software applications to
optim{ze a production system or the business processes in which the production sysfem is
integrpted. The concept is developed and implemented especially in the context of the] NAMUR
Open|Architecture, see [14].

The gverarching goals are to enable, in addition to existing systems, a simple integratjion of
fast-ppced IT components from the field level to the enterprise management level in a
standardized manner in order to achieve a significant improvement in ¢costs by means of open
and iptegrative approaches for the additionally required sensors/without jeopardizing the
availdpbility and security of the existing system and thus reducing the ‘complexity, in particular,
for th¢ operator of a production system.

Conceptually, a distinction is made in

e Real-time communication for safe and reliable production system operation: The core|tasks
are performing measurement and control tasks, overarching process control, proces$ data
aqquisition, and the human-machine interface. for the operator of the production system.

e A|monitoring and optimization function as_@jbasis for the agile development of innoyative
sdlutions, such as the execution of monitoring and optimization tasks, for example
digpatching or advanced process conirol, or the collection of add-on sensor data ps an
erjabler for additional applications, fef’example advanced analytics.

This yse case addresses the concept of monitoring and optimization functions while enguring
the existing real-time communication. It also is the basis for the realization of future-oriented
crossiproduction system applications such as simulation of value networks and is thereforg also
an enpbler for the use case-“Optimization of operations”.

Examples of relatively.easy-to-implement applications are the extraction and evaluatfon of
configuration dataegarding device life cycle management and optimization or the extraction
and epaluation of operational data for a customized monitoring and diagnosis of devices and
produgtion resolirces.

Examples‘of more advanced applications are:

e optimization of production processes to improve quality or yield;

e improved operation of production systems to reduce energy or materials;

e improved maintenance to reduce maintenance costs and unplanned downtime;

e improving hazard management regarding the protection of people, environment and
production system.

6.8.2.3 Business context

Figure 78 illustrates the business roles involved in the use case “Information extraction from
production systems”.
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Figure 78 — Business context of “Information extraction from production system

6.8.2.4 Technical perspective

Figurg 79 illustrates the human and technical roles involved in"the use case
extradtion from production systems”.
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Figure 79 — Technical perspective of “Information extraction from production systems”

6.8.2.5 Interaction of roles

In principle, various options are conceivable as to how the additional information is recorded

and transmitted:

¢ An additional sensor is installed, which in addition to the data acquisition capabilities also
includes connectivity capabilities so that the information can be transmitted to the computing

infrastructure.

e An additional connectivity device is installed via which information from the process control
system hardware can be extracted and transmitted to the computing infrastructure.
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e Additional process control system software is installed on the process control system
hardware, which uses the installed process control system to read certain information about
the production system and transmit it to the computing infrastructure using the existing
process control system.

The system integrator installs the additionally required physical entities, for example, the
additional sensor or the additional connectivity device, and from a system-technical point of
view also configures these entities.

This use case assumes that the required computing infrastructure is available.

From ;
installed physical entities or configures and deploys the additional process control s
software.

Either the production system architect, but possibly also the production cootdinator ¢r the
produgtion resource operator, deploy suitable software application for analyzing the additipnally
transmitted information on the computing infrastructure, so that based omthe analysis results
suitaljle decisions for optimizing the production system or the business processes in whigh the
produgtion system is integrated, can be taken.

6.8.2.6 Expected change and impact

The use case supposes a standardized minimally invasive\upgrade of an existing prodfiction
systefn in order to get easy access to information of the~production system.

Consequently, the use case enables the integration*of additional monitoring and optimigation
of both the production system and the business processes in which the production sysfem is
integrpted.

6.8.2.)7 Recommendations for standardization
Following recommendations for standardization have been identified:

e Sflandardization of the overall-architecture regarding a communication between the eXisting
prpduction system and the extension of the collection and transmission of add|tional
information about the production system.

e Sflandardization of _the information model for the additionally recorded and transmitted
information about.the production system.

6.8.3 Rule-driven software applications

6.8.3.11 Objective

A manufacturing company wants to avoid lock-in effects from a software application supplier
and wants to minimize the dependencies on the supplier for maintenance of the software
application over the life cycle.

A software application supplier wants to make the own software application as flexible as
possible so that it can be used in as many application scenarios as possible.

6.8.3.2 Overview

Software applications (including engineering tools) can be better designed with respect to the
maintenance throughout their life cycle by consistently separating generic application logic from
application-specific information and logic. As a result, tasks that the software application
supplier has performed in the past can now be performed by the user of the software application.
However, this requires enough preparation of the information to be provided by the software
application user about its semantics.
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Although not exhaustive, the following examples are intended to illustrate this:

Macros: An engineering tool provides the ability for a user to define a macro (like scripts in
office applications). A user then has the option of providing suitable data to this macro and
then executing it instead of possibly having to carry out numerous manual operations.

Bulk engineering: The user of an engineering tool creates table entries and the engineering
tool performs a certain operation for each table entry. The table entries are available in a
format specified by the engineering tool supplier. In addition, the engineering tool offers the
possibility of defining macros and the user specifies how the macro is applied to the
individual table entries.

Data-driven analysis: A software application reads a stream of information from various
sgnsors, each piece of information in the stream being organized for example according to
the schema [entity name, attribute name, data type, value]. A user specifies which|entity
ngmes and attribute names to look at and a condition for the value. The softwane appligation
fillers now all information from the stream, which meet these conditions.

Espegially in engineering, this concept can be applied regarding the automation of engingering

in order to automate frequently annoying and error-prone routine tasks ingngineering.

The ddvantages of this approach are that less highly specific or Aighly customized software
applidations are used and instead more generic software applications can be used flex|bly in
multigle application scenarios. This increases the quality ofithe software applications and

reducps the maintenance of the software applications over their life cycles.

This means that the focus is more on information, suchias product resources or products|- and
less ¢n the software application that processes this information —, which is the bagis for
improying the overall consistency of the data and information considered and workflows dan be

made|more efficient.

When|introducing this concept, the following aspects are considered:

Generic use of standardized properties in order to allow the definition of self-desdribing
information models. For examplej-an algorithm that checks whether a required capabllity to
prpduce a product can be fulfilled by a production resource does not need to knpw all
cdpability describing properties. The algorithm only needs to know how to find and How to
cdmpare the capability preperties required for the product and offered by the prodiuction
resource. To achieve this level of abstraction standardized properties are used; add|tional
atfributes of properties can be used as well, for example classifications.

Agcording to the-separation of information and software application, different skil|s are
ngcessary forthe development and use of software applications. Responsibility of preparing
information~¢an be taken over even by the user of the software application. Neverthgless,
the preparation of information requires experience and is critical as well as customizing of
sdftware applications, but programming skills are not necessary.

The definition of properties in information models can follow certain rules. There chn be
used meta-models to describe the searching and interpretation strategy for information.

Algorithm respective rules are implemented in software applications in a way that they do
not require a large set of mandatory to provided properties. Properties that could be optional
are not required to exist. On the other side, implementations do not need to take in account
every existing property. These both concepts will allow that for example production
resources with different levels of property support can be integrated easily and coexistent
into a production system.

6.8.3.3 Business context

Figure 80 illustrates the business roles involved in the use case “Rule-driven software
applications”.
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6.8.3.4 Technical perspective

Figurg 81 illustrates the human and technical roles involved in the use case-“Rule-@iriven
software applications”.
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Figure 81« Technical perspective of “Rule-driven software applications”
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6.8.3.p Interaction of roles

The spftware developer develops a software application based on the paradigm that a set of
rules [s'processed by a rule’s engine. The software application is designed so that the rulgs can
later be changed as part of a customizing of the software application by another software
developer who has not necessarily developed the software application. This also applies to the
addition and deletion of rules. Overall, this is a classic software development task.

In addition, the software developer develops a possibility for configuring the rules in the sense
that the user of the software application can define with which parameters the individual rules
are to be executed.

The user of the software application — in this context due to the need for structured information
processing, a product developer, a production system architect, or possibly a production
coordinator — uses the ability to configure the rules via the settings of the software application
and thereby controls the software application according to the intended purpose.
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