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= CPPS are key concept for modern
automation systems

o Combination of physical production
process elements and their control
with increasing intelligence and
self-* capabilities

o Defined within RAMI 4.0

= |Intelligence is covered by Industry
4.0 Asset Administration Shell (AAS) —

o Providing identification and
communication capabilities

o Combining engineering information
and runtime data

o Giving access to technical functions of

Runtime data

the CPPS

Source: The Structure of the Administration Shell:
TRILATERAL PERSPECTIVES from France,

Product manufacturer

Asset integartor/ user

Italy and Germany, 2018
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= Asset Administration Shell shall be
usable
o On different levels of the production
system hierarchy from simple devices
up to complex value adding systems Office Flor Network
o During the complete life cycle of the () Commonsenani ot
considered asset (including engineering (%) el

Business :
Apps processes Services Cloud Data Partners

e ® 9@

phase) 568068 0]
o In various use cases of information pomss T R e e W
processing L e e ——
o To ensure interoperability — (T (v— JU—
of all information I |H H H
processing cases 2'.0. S

= Open issue:

o Which information shall be covered by

an AAS hOW Sha." It be St ru ctu red and Source: The Structure of the Administration Shell: TRILATERAL
hOW Sha," It fIOW7 PERSPECTIVES from France, Italy and Germany, 2018
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= Standardization of AAS structure and behaviour

o AAS structure has been defined within a meta model
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t  denvedFrom: AssethAdministrationShel [0 1]
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= Standardization of AAS

structure and behaviour

AssetAdministrationShell |1 1 Asset

o one asset data object

representing the .
identification information of Tl
the linked asset 0.
o Set of submodels Submodel Property
representing information
items that are technically H ererencetiement
separated from each other Tl
but together form a Lt

— File

consistent model of the lli s B

<—

asset of interest
o Each submodel may contain

properties, references, files,

and more in a structured
and semantically unique way

AAS Standardization
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[ | A u to m at i 0 n M L AssetAdministrationshell 10_: Asset
serialization of AAS v

o Mapping rules between
14.0AAS models and
AutomationML models I o stereceemen

1.*

o Define a set of role classes,

Submodel Property

i n te rface c I a S Se S ] a n d | Assetmistrationshel\RoIeCIassLib

Name DataType
- - Rt AssetAdministrationShell {Class: AutomationMLBaseRole } —
att rl b u te S re p re S e n t I n g t h e el Asset {Class: AutomationMLBaseRole } o Al e Empty
Rt Submodel {Class: AutomationMLBaseRole } revision xs:string
I 4 OAAS m e ta m o d e I k¢ SubmodelElementCollection {Class: AutomationflBaseRole } version xsistring
[ ] [re] Bleb {Class: AutomationMLBaseRole } category xsistring
S t r &t Capability {Class: AutomationMLBaseRole } 5 description csistring
u ct u re e e m e n t S 4 e File{Class: ExternalData }
~0 FileDataReference {Class: FileDataReference } -~ aml-lang=EN Empty
el Property {Class: AutomationMLBaseRole } aml-lang=DE Empty
° I 4 .O AAS S u b m Od e I S re p re - 4 [t ReferenceElement{Class: AutomationMLBaseRole } hasDataSpecification xsistring
- ~0 ReferableReference {Class: ReferableReference } 9 identification Empty
Se n t e d by a p p ro p rl ate A M L 4 [t RelationshipElement {Class: AutomationMLBaseRole } d xsistring
~o first {Class: ReferableReference } .
I E W i t h t h e ro I e Submodel ~0 second {Class: ReferableReference } .‘dTyPE xs:stl!ng
¢ AnnctatedRelationShipElement {Class: RelationshipElement } idShort xsistring
re) Operation {Class: AutomationMLBaseRole } kind xsistring

e S u b m o d e I E I e m e n t #t, ListOfOperationVariableln {Class: AutomationMLBaseRole }
e ListOfQperationVariableOut {Class: AutomationMLBaseRole }
&t View {Class: Group }

represented by IE with B Concp oy toton Bsice}

re) ConceptDescription {Class: AutomationMLBaseRole |

a p p ro p r i at ero I e an d an g DataSpecification {Class: AutomationMLBaseRole }

[t DataSpecificationContent {Class: AutomationMLBaseRole }

i n te rn a.l St ru ct ure m atc h i 4] g 4 [ AssetAdministrationShelllnterfaceClassLib

[ic] FileDataReference{Class: ExternalDataReference}

ty pe of S u b m Od e I E Ie m e n t lic] ReferableReference{Class: AutomationMLBaselnterface }

avisn IMB AAS Serialization
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= AutomationML serialization of AAS

4 (@ AssetAdministrationShellRoleClassLib
A . . 1 1 —» [t AssethdministrationShell {Class: AutomationMLBaseRole } ~ —
ssetAdministrationShell Asset / 9 Asset{Class: AutomationMLBaseRole | B administration Empty
rt| Submodel [Class: AutomationMLBaseRole } : revision xsistring
[r¢, SubmodelElernentCollection {Class: Automation
[t Blob {Class: AutomationMLBaseRole }
t Capability {Class: AutomationMLBaseRole }
t File{Class: ExternalData }
0.* +0 FileDataReference {Class: FileDataReference }
[kt Property {Class: AutemationMLBaseRole } aml-lang=DE Empty
[t ReferenceElement{Class: AutomationMLBaseRole } hasDataSpecification xsstring
Submodel / Property +0 ReferableReference {Class: ReferableReference } 2 identification Empty
rt, RelationshipElement {Class: AutomationMLBaseRole }
~0 first {Class: ReferableReference } ) )
J w0 second [Class: ReferableReference } =l ]
ReferenceElement ¢ AnnotatedRelationShipElement {Class: RelationshipElement } © idShort xs:string
t| Operation {Class: AutomationMLBaseRole } kind xs:string

MName DataType

- Version xsistring

category xs:string

= description xs:string

B E

= aml-lang=EN Empty

b

“id ¥s:string

[y
=

[re] ListOfOperationVanableln {Class: AutomationMLBaseRole }
1.* [t ListOfOperationVariableQut {Class: AutomationMLBaseRole }
J File Rt View {Class: Group }

SubmodelElement Irel ConceptDictionary{Class: AutomationMLBaseRole }
<3— e ConceptDescription {Class: AutomationMLBaseRole }

[re] DataSpecification{Class: AutomationMLBaseRole }

[t DataSpecificationContent {Class: AutomationMLBaseRole }
4 AssetAdministrationShelllnterfaceClassLib

[ig] FileDataReference{Class: ExternalDataReference}

lic] ReferableReference{Class: AutomationMLBazelnterface }

wicsios Ime | AAS Serialization
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4 [ie] PS_SubS_UMC_VAP_P1_CD3_D1 {Class: Drive Role: Drive, NameplateView, IdentificationView, TechnicalSpecificationView, FunctionView, MechanicView, ElectricView, RequirementsView, AssetAdministrationShell }

4 [ie] NameplateView {Class: Drive Role: Drive, NameplateView, Submodel}
b [1E] NameplateViewID { Role: AutomationMLBaseRole, Property )
b [1E] ManufacturerName { Role: AutomationMLBaseRole, Property }
b [1e] ManufacturerTypName {Role: AutomationMLBaseRole, Property }
b [1€] CountryCode {Role: AutomationMLBaseRole, Property}
> [1€] SerialNumber {Role: AutomationMLBaseRole, Property}

b [1€] BatchNumber {Role: AutomationMLBaseRole, Property )
i [1e] ProductCountryOfOrigin { Role: AutomationMLBaseRole, Property }
b [1e] YearOfConstruction { Role: AutomationMLBaseRole, Property }
b [ Mapping
b [1g] IdentificationView { Class: Drive Role: Drive, |dentificationView, Submodel }
4 [iE] TechnicalSpecificationView {Class: Drive Role: Drive, TechnicalSpecificationView, Submodel}
b [1e] TechnicalSpecificationViewID { Role: AutomationMLBaseRole, Property}
b [1g] RatedVoltage { Role: AutomationMLBaseRole, Property}
> [1€] RatedPower {Role: AutomationMLBaseRole, Property}

7

PR IPClass {Role: AutomationMLBaseRole, Property )

b [iE] AxleDiameter {Role: AutomationMLBaseRole, Property}

b [ig] CycleSpeed {Role: AutomationMLBaseRole, Property}

b [1E] NominalVoltage { Role: AutomationMLBaseRole, Property}
b [1€] NominalCurrent { Role: AutomationMLBaseRole, Property }
b [1€] RatedCapacity { Role: AutomationMLBaseRole, Property }
b [1€] RatedTorque {Role: AutomationMLBaseRole, Property }

<

[1€] RatedCurrent { Role: AutomationMLBaseRole, Property) :
[1E] MaxOutputSpeed { Role: AutomationMLBaseRole, M f

b - qualifier[TYPE]=[VE

Name
i~ idShort

- category

b - description

dataSpecification

kind

semanticld

- value

“ valueld

Value
IPClass

Instance

P40

Default Unit

Instance

DataType
xsistring

xs:string
xsistring
xsistring

xsistring

xsistring
xsistring

xsistring

wsistring

Semantic
AAS:Referable/idShort
AAS:Referable/
category

AAS:Referable/
description

AAS:HasDataSpecifica
tion/dataSpecification

AAS:HasKind/kind

AAS:HasSemantics/
semanticld

AAS:Qualifiable/
qualifier

AAS:Property/value

aml://
AML1Project#this.Ele
ctricView@IPClass

AAS:Property/valueld

b [1g] Inertia { Role: AutomationMLBaseRole, Property}
b [1] Material {Role: AutomationMLBaseRole, Property}
b [J] Mapping
b [1e] FunctionView {Class: Drive Role: Drive, FunctionView, Submodel}
P> [1€] MechanicView {Class: Drive Role: Drive, MechanicView, Submodel}
[ [1g] ElectricView {Class: Drive Role: Drive, ElectricView, Submodel}
b [1e] RequirementsView { Class: Drive Role: Drive, RequirementsView, Submodel}
b [1€] ConceptID {Role: AutomationMLBaseRole, Property}
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= Open issue: What are the sub-models to be selected?

= Currently there are first submodels under
development

o Nameplate

- ldentifying, descriptive and indicating information about an
asset

- Contains for example manufacturer name, model type or serial
number

o Technical data

- Contains four data sets covering

— General information (minimal information about the provider of the industrial
equipment and the equipment itself)

— Product classification
— Technical properties detailing on technical data

— Further information such as textual statements by the manufacturer and date
of validity

= BUT is this sufficient?

AAS content creation
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= CPPS engineering is characterized as

o Network of interrelated engineering-discipline-specific design
decisions

o Based on engineering tools and data exchange structures
o Depending on

Engineering time

Use time
exchange of [
. . Discipline A: Data source ,3\( =
information =
o Source Transport, . A 7 7 D-’?'\: )
= = ) = Transform, iscipline C: Data sin
O Ap p Iy‘ n g W I d e Jp;), \', " for:qat Select, and 14.0CMS: Data sink

Combine Data

variety Of data 'J-D‘:}. e Administration shell
models, data Ol e
formats, and | txigl o S\ e
modelling means -~ - |
(Model-Driven

Engineering) ‘EJ? e

Representation of information

and technical functions f\ 7 =
{ T ,{:‘ o

Discipline E: Data sink

Discipline B: Data source

1 Ty
o Can be =
co n S i d e red as Discipline C: Data source Discipline D: Data sink

network of DSLs

( m AAS content creation
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= Explicit utilization of domain
specific languages (DSL) and
their dependencies within o~ S
en g | nee ri n g netwo I‘kS “’.E““} . "> B8 et (Rokr et Fmctontie)

Domain specific
concepts

b 500 Cell { Role: Cell, FunctionView}
I» &€ Machine{Class: Resource } Machine {Role: Machine, FunctionView }
[ ¢ Turntable{Class: Resource } | 59 Turntable {Role: Turntable, FunctionView}
E H I Irel Conveyer{Class: Resource | b Conveyer {Role: Conveyer, FunctionView}
O ac D L I S m a p p e t O O n e A M L I &€ Device {Class: Resource } ¢ Device {Role: Device, FunctionView }
» - [» &g Drive{Class: Resource } I 5w Drive {Role: Drive, FunctionView}
[ kel InductivSensor {Class: Resource } b 5% InductivSensor {Role: InductivSensor, FunctionView}
d I a I e Ct a S ro I e 3y I n te rface a n d [» [kt UltrasonicSensor{Class: Resource} b 5o L icSensor {Role: Ult icSensor, FunctionView}
- I ke Gearbox{Class: Resource } I 50 Gearbox {Role: Gearbox, FunctionView }
te m u n I t c I a S S S St e m I g AproxSwitch {Class: Resource } b B AproxSwitch {Role: AproxSwitch, FunctionView}
Sy S y I &€ FunctionalMechanicalElement {Class: Resource } b 59 Functi hanicalElement {Role: FunctionalMechanicalEl Functi
b i MechanicViewRoleClassLib b g AML2MechanicViewSystemUnitClassLib
i ElectricViewRoleClassLib g AML2ElectricViewSystemUnitClassLib

-
O Sy S te m of DS LS I S m a p pe d to a 4 (@ AutomationProjectConfigurationRoleClassLib b AML2AutomationViewSystemUnitClassLib
[e AutomationProject{Class: Structure }
] - [&el DeviceUserFolder{Class: Structure} ‘
use case specific common AML oo 2 8 ot
[#¢] Device [Class: PhysicalDevice } » B Project {Role: , Project}
[* e Deviceltemn {Class: PhysicalDevice }

system unit class system

In_l. TagUsean\der{Cl-ass: Va.nablellst} b & Turntable [Role: , Turntable]
[* [t} Neode {Class: LogicalDevice }

1 1 H H H N ~ I 5 Conveyer {Role: , Conveyer}
u I I Z I n g e a S I c I a e c S [ kg Communicationinterface {Class: Deviceltem } ) € Device {Rale: Device]
! B loSystem {Class: LogicalDevice } 4 5 Drive [Class: DriveRole: Drive, Device}
» [&el CommunicationPort {Class: Deviceltem } |» €] FunctionView {Class: Drive Role: Drive, FunctionView}
- - - - b (i€ MechanicView { Class: DriveRole: Drive, MechanicView}
= Exploitation within an
[ ] ] [ ]
enhanced data lo gistics wit h otmirseirrevi
[k AutomationProjectConfigurationRoleClassLib/Device
] I B InductivSensor { Role: InductivSensor}
appropriate adapters for e

[ € AutomationView {Class: Drive Role: AutomationView, Device}

Common concepts B FunctionViewRoleClassLib/Drive
b MechanicViewRoleClassLib/Drive

I [1€] ElectricView {Class: DriveRole: Drive, ElectricView}
I 5 Gearbox {Role: Gearbox}

b B AproxSwitch {Role: AproxSwitch}

mo d e I trans f ormat i on " 5% FuncanaMechanicolemen (ol FunctionaiMechanicalEement)

o Enhanced engineering data
logistics

MAGDEBURG
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Representation of global DSL
r based on combination of IEs
of local DSLs with attribute
based interlinking (use of
refSemantic)

Representation of local DSL
based on appropriate role
classes with characterizing
attributes

4 [1g] PS SubS UMC VAP MM _ZD1_D1 {Class: Drive Role: Drive, Device, AssetAdministrationShell }

4 [1E] FunctionView { : Drive, FunctionView, Submodel} idShort FunctionViewID

> 8 FunctionV}=uID {Role: Property} category CONSTANT

» [1E] Description {Role: Property} _

(1] Manufacturer name {Role: Property} {~ kind Type

» (iE] Manufacturer_part_number { Role: Property} ~ semanticld (Submedel)(local)[URI]

> [1e] Functional_description { Role: Property} FunctionViewlD

»» (1] Rated_voltage {Role: Property )} dataSpecification

» €] RatedPower { Role: Property }

» [1e] Rated_Current { Role: Property} value PS SubS_UMC VAP _MM_
@i HierarchyViewRoleClassLib/FunctionView CD1_D1
@i AssetAdministrationShellRoleClassLib/Submodel
Rl FunctionViewRoleClassLib/Drive idShort Rated voltage

P [nE] MECh:aI'II::VIEW{RﬂlE: Drive, MechanicView, Submodel } cateqory PARAMETER

b [i] ElectricView {Role: Drive, ElectricView, Subrmodel} _

» [1E] AutomationView {Role: AutomationView, Device, Submodel } kind Type
MechanicViewReleClassLib/Drive ~ semanticld (Submodel) (local)[URI]
] ElectricViewRoleClassLib/Drive FunctionViewlD
[ AutomationProjectConfigurationRoleClassLib/Device = value 10

[ AssetAdministration5hellRoleClassLib/ AssetAdministrationShell
FunctionViewRoleClassLib/Trive

] Tl Enhanced engineering data
logistics

MAGDEBURG
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Step 0: Generates required
Role and System Unit Class

ToolData.”

e B Bl Powertrain_AMLI =
e 39) B Powertrain AML-template '\CJ C[_D
Bl Powertrain-TechnicalSpecificationView_AML2 A TransformerConfig.yml
Base-classes.aml N
N Common-
Concept.yml ‘
|
) v , ? vy v v
AML1
Generator Transformer
- > » Transformer |
= e > » I
— Step0 ’ .| Stepl] l Step2|
Common-
Conceptyml

xViewAML2Data_aml T

PostProcessor

Step1”.

Step 2: Maps the engineering
artifacts to the AML-based
structure of the global DSL

9

Step 4: Fills linked attri-butes
by addressing de-pendencies

between attri-butes of
l different domains
» Integrator \’\ Tracer
p— . ]
e, A3 '- A4l
W7 | |
L © s )

xViewAML1Data.aml

ProjectAML1Data.aml

Step 3:

Integrate different

libraries to build local and
global DSL-based data <_
models

A OTTO VON GUERI?KE
[ s UNIVERSITAT

MAGDEBURG
%,
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Step 1: Translate tool artifacts to
engineering artifacts based on
AML-based local DSL that fits to
the local DSL of the source tool

engineering artifacts in the
overall AML-based project
file

Enhanced engineering data

logistics



Which 14.0 asset
administration shell (AAS)
submodels shall be used?

o Mapping of each DSL to one
representing AML dialect

o Mapping of these AML dialects

to views within the overall
AML model

o Each View is equivalent to a
submodel

= Submodels shall be based
identified by DSLs within
engineering tools and DSLs
used for data exchange
between engineering tools

p

4 [iE] PS_SubS_UMC_VAPL

Submodells with their
submodel elements

>

4

_CD1_[1 {Class: Drive Role: Drive, Device}

= [1€] FunctionView {Role: Drive, FunctionView}

> 1] MechanicView {Role: Drive, MechanicView FunctionViewlD
>+ [1E] ElectricView {Role: Drive, ElectricView} Description
4 [1E] AutomationView {Role: AutomationView, Device Manufacturer name
@] AutomationProjectConfigurationRoleClassLib/Device
ke HierarchyViewRoleClassLib/AutomationView Ma"u_'m“rerpa_m_‘"mbe'
icVi >_SubS_UMC_VA|

MechanicViewRoleClass  eectricviewid
ElectricViewRoleClassLil
[sed AutomationProjectCon| - Rated current

[k&|] FunctionViewRoleClass

PS_SubS_UMC_VAP_MM_
CD1_D1

Drive

Some Drive Provider

ABC 123 DEF 456.78 GH

Functiona | descri ption DC motor
PS_Sul P_MM
CD1.
- Rated voltage 10
220
Rated power 22
Rated current 220
Max. output speed 1000
= Axle diameter 200
Appl. 200
- Nominal voltage 4
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= Transformation of overall AML
dialect to 14.0AAS serialization
required

o Implemented by a special adapter
for the engineering data logistics

o Adapter shall

- add necessary role and interface
classes

 translate AutomationML
attributes to /Es with the role
Property with a special attribute
structure by respecting haming
and structuring rules

4 [ie

p

Submodel elements
expressed as IEs with
standardized attributes

4

PS_SubS_UMC_VAP_M s: Drive Role: Drive, Device, AssetAdministrationShell }

idShort

e o
ig] FunctionV le: Prope:
° . category
€] Descri e: Prope
1€] Mandfacturer name {Role: Property} king
it] Manufacturer_part_number {Role: Property} | seman ticld

it] Functional_description { Role: Property }
it] Rated_voltage {Role: Property}
(€] RatedPower {Role: Property}

FunctionViewID
CONSTANT

Type

(Submodel)(local)[URI]
FunctionViewID

1t] Rated_Current {Role: Property } value PS_SubS_UMC_VAP_MM_
S HierarchyViewRoleClassLib/FunctionView CD1_D1

&g AssetAdministrationShellRoleClassLib/Submoxdel

& FunctionViewRoleClassLib/Drive idShort Rated_voltage

1€] MechanicView {Role: Drive, MechanicView, Submodel}

category PARAMETER
1t] ElectricView {Role: Drive, ElectricView, Submodel} .
i£] AutomationView {Role: AutomationView, Device, Submodel } kind Type
@J MechanicViewRoleClassLib/Drive @ | seman ticld (Submodel)(local)[URI]
saq ElectricViewRoleClassLib/Drive FunctionViewID
%) AutomationProjectConfigurationRoleClassLib/Device value 10

@ AssetAdministrationShellRoleClassLib/AssetAdministrationShell
®® FunctionViewRoleClassLib/Drive
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Benefits:

(1) Solution can be introduced incrementally within an EO without
loss of previous efforts/investments.

(2) Solution facilitates different testing methods and approaches
following different functionality enrichment scenarios (tool
artifacts, data within them, data propagation needs).

(3) Utilization of solution is cost-efficient

o no programming effort

o  but configuration effort based on knowledge about the local DSLs to be
connected

(4) Solution provides foundations for defining different migration
strategies towards a full implementation of data logistics.

Limitations:

(1) Solution requires a unique identification of all objects along the
EO tool chains.

Validation
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