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Lifecycle of a production system
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Value creation networks
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Source: VDI Status report “Seamless and Dynamic Engineering of Plants”
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Value creation networks
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Enterprise model(s)

Purdue Enterprise Reference Architecture
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Data exchange within the company

Sensing / Actuation

Production process




Development of information exchange within a company

In a connected enterprise more and more information from the production process is passed to the

management levels.
\ ERP /
\ MES / MOM /
> Control z

ERP

/ MES / MOM\
/ Control \
/ Sensing / Actuation x / Sensing / Actuation \

/ Production process \ / Production process \

Vogel-Heuser et al., “"Global Information Architecture for Industrial Automation,” atp, 1-2, 2009.
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Information exchange between companies IEC

Cooperating companies exchange more and more information (traditionally via ERP level or along with products)

Exchange of
ERP Information ERP
\ MES / MOM MES / MOM /
> Control Control (
/ Sensing / Actuation Sensing / Actuation \

Production process Exchange of Production process
products
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Development of information exchange between companies

Vision of Industrie 4.0: Information exchange on all levels of enterprise hierarchy

Exchange of
ERP Information ERP
I
Exchange of
MES / MOM Information MES / MOM
I

Exchange of
Control Information Control
: : Exchange of : :
/ Sensing / Actuation \ / Sensing / Actuation \
/ Production process \ Exchange of Production process \
products
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Information exchange in value creation networks —
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Information exchange in value creation networks
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Interoperability

... the ability of two or more participants to exchange data.

exchange

Based on: IEC, “Semantic interoperability: challenges in the digital transformation age: White paper,” Oct. 2019.
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Aspects of semantic interoperability

Semantic data

Interoperability

Behavioural

Source: IEC, “Semantic interoperability: challenges in
the digital transformation age: White paper,” Oct. 2019.
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“Understanding”
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Source: IEC, “Semantic interoperability: challenges in the digital transformation age: White paper,” Oct. 2019.
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How do machines understand?

Machine

Information model

D¢

Context
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Semantic interoperability

... the ability of two or more participants to exchange and understand each other’s data correctly.

System A - - - - __________ System_B

Model A ——--~"~"""~--——- Model B

translation

Source: IEC, “Semantic interoperability: challenges in the digital transformation age: White paper,” Oct. 2019.
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Purpose of Digital Factory Framework

* Define a common base for describing the meaning of engineering
data

* Provide a reference for digitization of data related to production
systems

 Common rules for utilizing data based on computer-understandable
attributes and classifications

- Use of dictionaries for describing engineering data

Video https://www.linkedin.com/feed/update/urn:li:activity:6757632501352677376
INF Document https://assets.iec.ch/public/tc65/65 840e INF.pdf
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Engineering supported by property-based information IEC

Basic Production Construction & Operation & De-
Engineering Engineering Commissioning Maintenance ommissioning

Process planning Mechanical CAD Commissioning Maintenance
tool tool tool tool

Factory
—

0 6 . L’ |
Configured Drive
Transport speed Conveyor speed Speed - ..
(required) (as planned) P i Dictionary
(as build)
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3 levels of information modelling

Ontologies,
General agreements on how to represent possible meaning  Taxonomies
Meta of data '
Dictionaries
Representation of Catalogues
T * pre-defined requirement descriptions (role types) and . 'g ’
ype « of potentially available equipment (product types) Libraries

Representation of

| . * defined requirement descriptions (roles, measurement
nstance points, actuation points) and Digital Factory

* of planned or existing components or systems

Construction plans,
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DF Framework overview

Standardization bodies

Standard body x IEC
I 1
Standardized dictionary x IEC CDD dictionary

Enterprise
Classification consortia

| I
Consortium y ECLASS ECCMA DF dictionary
] ] ] 5 - DF asset class definitions Digital Factory
Consortium dictionary y ECLASS dictionary eO0TD - collection of data element is
Integrate or reference definitions referenced - DF assets
- data element types by q |
| - collection of data
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. w5 > - DF asset links
Data suppliers | ¢35
| @
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- DF asset classes
- collections of data elements
- data elements
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Integrate or reference .
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- instantiate DF assets
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Example DF Asset ,Valve”
with Technical Disciplines

DF Asset |
“Valve” I

l

l

-

Technical Discipline: Network \
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! | Maser
Communication DF Asset lrlnk I
Interface I |
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]

/

Technical Discipline: Power Installation\
L1 L2 L3N

J
=<

N

DF Apset Link P ——
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Example DF Asset ,Valve”
with Technical Disciplines + data elements

DF Asset
“Valve”

I
|

class identifier : Technical Discipline: Network \
|

AAA735
ABA734
ABA835
ABA634
ABC835
ABC334

25 AAA735
30 ABA734
8  ABA835
35  ABA634

[View element: Pipe Installation
View identifier: AAW207
list of data element
references:

|
|
|
— I
View element: Network I e.g. AABO10 ABA735
View identifier: AAY213 | ABA734 € a m
list of data element Communication B8 55735 e<cg T I
references: ABA735, ABA734 | Interface ABC736 o S §
: AAC735 I % % 2
: AAC734 | ©°
N | . Y,
/ | AACS34 : Technical Discipline: Power Installation\
View element: Power : AAC936 | Ea L1 L2 L3N
Installation | ABB037 g = 9
View identifier: AAZ201 | ABD735 g5 0 ABCOO8
list of data element | ABC736 = el (230 ABCO09 -0
references: ABB735, ABC736 |j AAC735 I T~
I AAC734 I
k l |
I i
I
I
I

DER
instance

77  ABC835 Pipe2
9  ABC334

DER
inst

AAAT735, ABA734, ABA835,
KABA634, ABC835, ABC334

Technical Discipline: Pipe Installation / 26




IEC 62832: Data Element Relationship

DF asset

Name

Element identifier

class
header

DF asset class
definition ref.

Data element Id11

Data element Id12

Data element Id13

Data element |d14

Data element Id15

Data element |d16

DF asset class body

Data element |d17

Data element |d18

Source: IEC 62832-1

DF asset class association

DER

DER

PipeTypeY
Transp032

Name

DF asset class
definition ref.

DF asset
class

header

Data element |d41
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Inner diameter:

Thread diameter

Thread pitch

Thread form

Thread direction

Thread design

Thread lock

Type of thread
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Fundamental common requirements

* Semantic meta-information is provided by means of concept
dictionaries

* Different requirements for description of product type and product
instances

e |dentification of context for data

* Data describing a component needs to be provided together with context
(e.g. for which part of equipment applies the property)

* Data from a measurement point needs to be provided together with context
information (e.g. from which functional unit)

* Annotation of data values (e.g. with time stamp and quality information)
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Standards landscape

— CLASS
Meta 148 cDD

L

<AutomationML/>

SystemUnitLibrary

Type

H

Instance <AutomationML/>

InstanceHierarchy

Objects
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4. Implementing the Digital Factory Framework

ECLASS and IEC CDD

e ECLASS
(https://eclass.eu/en/eclass-
standard/search-content)

* Provided by ECLASS association
* One dictionary

* Yearly update

— CLASS

IEC_ CDD

 |[EC CDD (https://cdd.iec.ch/)
* Provided by IEC

e Several data dictionaries, e.g.
 [EC 61360-7 — General items
* [EC 61987 — Process automation

* |EC 62683 — Low voltage switch
gear

* Continuously updated
(depending on IEC projects)
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4. Implementing the Digital Factory Framework

— CLASS
ECLASS and IEC CDD — Common features

e Dictionaries based on IEC 61360-2

* Dictionaries provide
 Classification of products
e Concept definitions for description of products

* IRDI as concept identifier

* Concepts include
 Item Classes (e.g. for description of products, of product features)
* Properties (e.g. for description of product characteristics)
* Property values and value ranges

* Definitions for product descriptions are organized hierarchically (in the
classifications)

* Definitions for product descriptions may be structured
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4. Implementing the Digital Factory Framework

IEC 61360 Information model

4

— CLASS

Reference to a class

+described by

SuperClass >
1
AN |
* +applicable data element type
+defined by +classifying data element type
Data element type
1 1
+applicable data element type *
SubClass +described by

>
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4. Implementing the Digital Factory Framework

Usage phases of AAS, Automation ML, FDT and OPC UA

H

(
Basic Production Construction & Operation &
Engineering Engineering Comm|55|on|ng Maintenance ommissioning

<AutemationML/>
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4. Implementing the Digital Factory Framework

IEC 63278-1: AAS structure

The Asset Administration Shell (AAS) is a standardized digital representation of an asset with Submodels
representing aspects of an asset

Asset Administration Shell (example)

identification of asset

identification of AAS

identification of AAS Responsible AAS m anagement information
asset information and services

incl. references to concept repository entries | information and services

Submodel 1 e.g. energy efficiency

SubmodelElement e.g. energy saving

Asset Administration
Shell

SubmodelElement e.g. set energy saving mode [0,1,2]

SubmodelElement e.g. cumulated energy [Wh]

SubmodelElement e.g. energy certificate

-

asset, e.g. SubmodelElement 1.3 ..

electrical axis

Submodel 2 e.g. positioning mode
SubmodelElement e.g. set positioning mode [0,1,2]

SubmodelElement e.g. average positioning error [mm]
SubmodelElement: interface documentation
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4. Implementing the Digital Factory Framework

IEC 63278-1: Detailed AAS structure

AAS

Concept repositories provide structured concept repository entries (e.g. classes, properties, relations, units

of measurement) with an unambiguous identifier (e.g. IRDI) which can be referenced by Submodel
templates or Submodels of an AAS. IEC CDD is a concept repository.

Asset Administration Shell

ﬁstsi lprovides

Submodel template(s) .

(including Submodel template | UIAES Submodel(s) uses . __accesses o

elements) (including SubmodelElements) AAS interface(s) h AAS user application(s)
(optional)
references
references
A
references
- references
concept repositories
F
o h 4
% asset integration
g _
AAS responsible S (optional)
creates and governs | @
® integrates
h 4 h 4
= asset related service(s)
asset service(s) ;
has interest in . (optional) (optional)
rovides
asset T P
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4. Implementing the Digital Factory Framework

IEC 63278-2: AAS Information model -

HasDataSpeciication
AssetAdministrationShell

+iertvedFrom
+ assefinformation: Assetinformation .
Y
Assetinformation
+ assetkind: AssetKind
+ specificAssetld: SpecificAssetid [0..*]
+ globalAssetld: Identifier [0..1]
- assetType: Reference
+ defaultThumbnail: Resource [0..1]
i i
| Wy
I ¥ o.*
| HasSemantics dentifiabid
| . SpecificAssetld | HasKind
1 .
1 + name: LabelType HasSemantics|
: + wvalue: Identifier Cualfiabie]
: + externalSubjectld: Reference [0..1] HasDataSpecification
| Submodel
]
! + submodelElement SubmodelElement [0..7]
W S0
«enumerations i |
Assetind o [
P | DataElem
Type i ! Property Exemgplary Submodel Element
Instance e R e N "Property”
NotApplicable i i ! vaueType. DataTypeDentsd other submodel element subtypes
” | + vaue: ValeDataType [0.1] include operafions, collecfions, fles
e | + vaueld: Reference [0.1] s ' '
” h e,
- i g
- 1 e
Ly Wy e
HasSemantics . - Referab
Qualifier HasSemantic
+ ftype: QualiierType Cualifiabl
+ valueType: DataTypeDefisd IS HasDataSpecific
+ value: ValueDataType [0.1] wabstracts
+ valueld: Reference [0..1] SubmodelElement
«Experimentalz
+  kind: Qualifierkind [0._1] = ConceptQualifier
+exaemal global references
Extemal Concept Definiions
aexiemas
Property Definition IEC
61360

37




4. Implementing the Digital Factory Framework

IEC 62751: AutomationML <AutomationML/>

<AutomationML/>
IEC 62714 Geometry §
and
Top level format ;‘c::‘n‘::‘ta““
CAEX IEC 62424 el
5 it W i
- 'E';F-arq Corwepor | Chumm Frame Corveor Mol |
R e s el s
= EJE '--“r--r.nnrlac;m Drive = L
Planl S :::.: ‘_’:I-::;L’;J:';:‘;':D::':j“”" Logic - ?“"fl - ::%— _,_'.-
Topology 0 e e Feeriat ==
Information . e PLCopen
Mechatronics XML
Networks
. 3 eCl@ss"
Devices Semantic ==
) FETETENCHI N . ne o St mim
Attributes e mcanssstree
: Further aspects | 0! | [ 02 | |
> in other XML '[
: format (on | |
e e e e e
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4. Implementing the Digital Factory Framework

IEC 62751: AutomationML Information model

CAEXFile
+FileName : string n ExternalReference
+SchemaVersion : string +Path : string
+Alias : string
* SystemUnitClassType |
1y
*
+SystemHierarchy InstanceHierarchy -InternalElement IntemalElementType . Attribute
Instance > +RefBaseSystemUnitPath : string {@———  +ID : string
* *
InterfaceClassType
+InterfaceClassLib InterfaceClassLib
. - InterfaceClass InterfaceFamilyType
*
*
\;—I
RoledassType
+RoleClassLib RoleQassLib _RoleClass RoleFamilyType j@ * Attribute
Type * . t +ID: string
*
| SystemUnitClassType |
+SystemUnitClassLib itClassLil . "
Y SystemUnitClassLib - SystemUnitClass SystemUnitFamilyType |@ * Attribute
g . >— +ID: string
*
*
- SystemUnitClass 39




4. Implementing the Digital Factory Framework

AutomationML - Dictionary References

Whitepaper AutomationML Part 6 —
AutomationML Component (2020)

MName Value DataType Semantic
4 - |IEC 52683 wsistring -
Version v2.0014.0016 xsistring -
RefSemanticPrefix IRDI:0112/2///62683% xsistring -
URL https://cdd.iec.ch/cdd/iec61987/ xsistring -
iec61987.nsf/TreeFrameset?
OpenFrameSet&ongletactif=1
4 - IdentificationData Empty = [IRDEOT12/2///626832ACC0T12001
Manufacturer MyCompany xsistring +  IRDEO112/2///62683#ACE1022001

<AttributeType Name="MaxPlugCycles" AttributeDataType="xs:integer"
xmlns="http://www.dke.de/CAEX">
<Description>Mechanical endurance, minimum number of engagements and separa-
tions that the connector can withstand without electrical load. After test the
connector shall fulfil requirements stated in IEC 60169-1(17) (1987).</Descrip-
tion>
<RefSemantic CorrespondingAttributePath="IRDI:0112/2///61360_4#AAE361#001" />
</AttributeType>

<AutomationML/>

White paper AutomationML and
ECLASS integration (2021)

Bl roleClassLib - O
X]Av
.

A B eClassRoleClassLib

x'Aa

A eClassClassSpecification { Class AutomationMLBaseRole }

27-00-00-00 Electric engineering, automation, process control engineering { Class
eClassClassSpecification }
27-04-00-00 Power supply devices { Class 27-00-00-00 Electric engineering, automation, process
control engineering }
A 27-04-07-00 Power supply device { Class 27-04-00-00 Power supply devices }

27-04-07-01 Continuous current supply { Class 27-04-07-00 Power supply device }
A 27-14-00-00 Electrical installation, device { Class 27-04-07-00 Power supply device }
A 27-14-11-00 Terminal (not overhead line) { Class 27-04-07-00 Power supply device }
27-14-11-20 Feed-through terminal block { Class 27-04-07-00 Power supply device }
27-14-11-35 End bracket for terminal block { Class 27-04-07-00 Power supply device }

Figure 24 — Example Role Class
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4. Implementing the Digital Factory Framework

IEC 62451: OPC Unified Architecture

Vendor Specific Extensions

Companion Information Models
(e.g. Robots, CNC Machines, Wind Power, P&ID exchange)

Core Information Models
(e.g. Analog Data, Alarms, State Machines, File Transfer)

Information Model Building Blocks
(Meta Model)

Information Model Access

Browse and Access Data and Semantics Data and Event
Execute Methods, Configure Notifications

Client-Server Pub-Sub

Use Case specific Protocol Mappings
41



4. Implementing the Digital Factory Framework

IEC 62451: OPC UA Information model

Node

Attributes

e

References

to other nodes

Attributes describe a node

Reference s define relationships

e

Node

may

represent

This value is dynamic, but
itz initial value is inherited.
The inherited value may
be overridden when the *
variable is created by the
server.

HasTypeDefinition

™ |Attributes

| Value

Type Definition . .
ObectType | e »| Variable Type
Nodes sP Al BLK_TYPE “SetPoint”
References Attributes
HasComponent Variable defined by a Value
S VariableType. _
®
Object Variable
Al BLK_ 17 Variable defined by gp°
being part of the
References H ObjectType. References
HasTypeDefinition. ). HasTypeDefinition }f....:
HasComponent ~a _ _ This value is not
— Variable - “dynamic. Inherited value
‘gp~ Attributes may be averridden.
Value
References
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4. Implementing the Digital Factory Framework

OPC UA Part 19 - Dictionary Reference

NonHie-rarchjcaJ’Refemnces< FolderType {0 BaseObjectType

f : :

DictionaryFolderType (= DictionaryEntry Type b

'y

'y

< HasDictionaryEntry <

<DictionaryFolderName> 0.n e
<DictionaryEntryName=>
<DictionaryEntryName>
Server | |
L DictionaryFolderType UnDictionaryEntry Type IrdiDictionaryEntry Type
Dictionaries T
Y
L DicfonaryFolderType:
Process Industry
IrdiDictionaryEntry Type: [ Base types
0112/2/1/6198T#ABVO00 l:l Defined in this annex
Modeld = s=0112/2/'61987#ABV D00 l:l Examples
DisplayMame = Characterization
IrdiDictionaryEntry Type:
0112/2///6198T#ABAOD1
Nedeld 011272//16198T#ABADD t IrdiDictionaryEntryType:
eld = s=
DisplayMame = Measuring instrument 0112121116198 T#ABATE3
Nodeld = s=0112/2///6188T#ABATS3
L‘_ IrdiDictionaryEntryType: DisplayMame = Current transmitter
0112/2///6198T#ABATS1
; Modeld = s=0112/20/6198T#ABATS1 + TULTERTETIET AL
Devices e e e 0112/2///6198T#ABATE1
HasDicii _ Nedeld = s=0112/2//8108T#ABATE1
asDictionaryEntry ————————3 DisplayName = Flow transmitter
+H  FlowTransmitter_1 I

—

} FlowTransmitter 2 [———————————HasDictionaryEntry——— IrdiDictionaryEntryType:
0112/2///6198T#ABB206
P
SerialNumber ) MNodeld = s=0112/2///31087#ABB206
L . DisplayMame = number of outputs
Fa —T
R NumOutputs WI {asDictionaryEntry 44

b .




4. Implementing the Digital Factory Framework

OPC UA Part 19 — Dictionary Reference Example

VendorAFlow TransmitterType HasDictionaryEntry,

MechanicalParts ‘

‘ DeviceSet ‘
IrdiDictionaryEntry Type:
VendorAFlowTransmitter Type: B 0112/2///61987#ABAT7854#003
Flow 230 —— HasDictionaryEntry
— Modeld = s=0112/21/6195T#ABATE5#003
DisplayName = Oval gear flow transmitter
VendorFlowTransmitter Type:
Pl =il IrdiDictionaryEntry Type:
0112/2//61987#ABC049#002

MechanicalParts

Modeld = s=01122/61957#ABC049#002
DisplayMame = Transmitter housing

— Housing | HasDictionaryEntry
| IrdiDictionaryEntry Type:
0112/2/161987#ABASS3#005
Weight ]——HasDir.tionar}.-'Erﬂrg,I
Modeld = s=0112/2///6198T#ABASS3#005
Length ] DisplayMame = weigth
Lt Body
- IrdiDictionaryEntry Type:
Weight I— 0112/2//16198T#ABC045#002
d Modeld = s=011202/1/6198T#ABC 0452002
Length ] DisplayMame = Transmitter body 46
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4. Implementing the Digital Factory Framework .
IEC 62453: Field Device Technology (FDT) ﬁr

---------------

* open and non-proprietary standardized interface s B e
s ! FDT Frame Application
* for the integration of field devices with engineering, — 0 -
automation and asset management systems : Parsmotrs o ; pleatens
' _— g
1 ;
» Support for field device integration: . L KOt
* Monitoring ' : :C,L Storage
* Diagnosis | >0
* Parameterization """“";;;m‘ug,;m

* Optimization
p gCommuﬂc&wn (
Fieldldevice

50




4. Implementing the Digital Factory Framework o

IEC 62453: FDT DTM Information model

FDT

Device parameter

ype Value range I/O-Data
information Access information Value range
I Semantic Info Limits
evice type
eetype Value 1/0 Usage N K
Online-Identification etwor
Device Scan Device Data Process Data Network Configu ration
Info Info 0.1 0.1 Info Management Info
0.1 0.* 0 0 0
?';I;'ZI offline online Function DTM GUI
data data Info
1 *
0..
1
\ 1 1 1 11 / -
. 1.* 0.1 -
Device type DTM . 1 DTM 1 o Report Documentation
Information | 2gvice Type Info ,— Business Logic - Info of Data
1 1
1
* * 0.1 N Document
0.. 1. References to
Device 1 Reference M |
Ident Info Diagnostic Info = anu:‘:\ S .
Device type Data Info - Technical Documentation
ine- ificati . - Certificates
Offline-ldentification S SRR : o
- Device descriptions

according NE107 - DD, EDS, GSD, ECLASS

51



4. Implementing the Digital Factory Framework

IEC 62453: SemanticInfo provides dictionary references *V~=7

Datalnfo

1
0.#| DeviceDataltems
Dataltem /3/
& ; Semanticinfo
Dataltems Descriptor - string [0..1] emanticinfos
1

Labhel : string 0.* | ApplicationDomain : string [1]
Mame : string ParameterReadAddress - string [0..1]
0.1 | ParameterWriteAddress - string [0..1]
% Semanticld : string [1]
‘ 1 Datald Semanticinfo
\Y
DataGroup AccessibleDatalnfo AccessibleData o DataRefs| .. | ApplicationDomain | Examples for SemanticIDs
Applicationld - string [0..1] | | I1d - string —— p4il 0.1
i > “IEC_CDD” 0112/2///61360 4#AAE685#001 —temperature
ld:string _ 0112/2///61987#ABA440#001 - lower range end-
IsReadable : bool I0SignalRef| | ogionalRef
:sgglta!)IeE: bﬁd_l o 0.1 value of voltage output
=Crenge ”azx Lo D8 0112/2///62683#ACE606#001 - rated control
voltage, d.c.
ModuleDataGroup StructDataGroup mepe'"'f Datatypelnfo :
— “ECLASS_v6.0” 0173-1#02-BAB233#008 - setting range of
- T measurement span
“ECLASS v11.1” (available in >=v11.0)
ArrayDatatypeln]
ArrayDimensions - Int]

(v10.0: 0173-1#02-BAB233#007 )
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https://www.eclasscontent.com/index.php?action=cc2prdet&language=en&version=11.1&id=27200616&pridatt=0173-1%2302-BAB233%23008
https://www.eclasscontent.com/index.php?action=cc2prdet&language=en&version=10.0&id=27200616&pridatt=0173-1%2302-BAB233%23007

4. Implementing the Digital Factory Framework

IEC 62453-71: FDT OPC Server architecture

Converting FDT

OPC UA Client information to OPC UA
information
OPC UA
Services

OPC UA Information Model

Comm : [ represent > Hieldbue.
Device A represert o) o |
Frame
Application F——==- )
) Gateway
Device C
DTM B DTM C
Gatouay reprssent ) [ represent ) Y%
Field
Device B
—————— -
___represent >DTM D DTM E || represent > s T
\—1 Field  Field

Device D Device E

OPC UA Server
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4. Implementing the Digital Factory Framework

Overview - model elements from different standards

IEC 62541-100

IEC 61360 IEC 62832 IEC 62714 AML IEC 62453 FDT
OPC UA DI
(Dictionary) Dictionary
ItemClass DFassetClassDefinition
CDELdefinition
Meta Property DataElementType (constant,
variable)
Library SystemUnitClassLibrary / Type namespace DeviceTypelnfo
Object DFassetClass RoleLibrary Device type (member attributes)
Type CDEL SystemUnitClass / RoleClass Folder Documents
Object property DataElement Attribute Variable DeviceldentInfo
(member atttributes)
DigitalFactory InstanceHierarchy Instance namespace DeviceScanInfo
Object DFasset InternalElement Device (member attributes)
CDEL Folder INetworkData
Instance Object property DataElement Attribute Variable DeviceStatus
Instance data
DataGroup
FdtParameter
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Conclusions

* Semantic interoperability is important to improve cooperation across
value chains

e Standards support the implementation of semantic interoperability
* Established standards
* Standards under development

* Full benefits of semantic interoperability can be reached only if all
participants in the value chain provide support
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