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From the traditional automation
pyramid to an integrated network of
smart devices, services and enterprises

Horizontal and Vertical Interoperability
Interoperability -> Standardization

The Asset Administration Shell
standard, IEC 63278-1 ED1
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N The solution: CanvAAS Toolset

CanvAAS: A model-based tool and methodology to plan, design, i . {
test and deploy the AAS 14.0 components on the end-user’s AN 1865 |

manufacturing equipment to enable interoperabillity. i CHERPA Whil‘lp00| FESTO
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Demonstration in Didactic Factories and Training course MooC

® A demonstration of the CanvAAS tool as an additional feature of s ’ L aly| 1.8
Festo Didactic's learning systems for Industry 4.0. | —f
* Festo Didactic will provide a hands-on training MooC course based R 1 S e
on its learning systems on Industry 4.0 and Industrial Internet of Things.
®* The training content will teach how to deploy the AAS standard on
Festo Didactic’s automatic guided vehicle platform, Robotino 4
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© Festo Didactic SE

Use-Case: Robotino-Addon for AAS

Robotino Manual work station Material storage Server
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M Demonstration in industrial example: Drumline at Whirlpool EMEA

Reference methodology and approach for AAS utilization in industrial context
Reference Submodels definition for robust and reusable AAS template
Industrial ontology to be used as general schema for submodels definition
AAS model Library implementing the above mentioned Submodels and layers
Methodology and submodels validation through drumline digital twin
CanvAAS tool validation and improvement suggestion

DRUM HEAT PUMP ASSEMBLY
PANE RELIABILITY
’ L line line Zero Hour Test SORTER
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M Demonstrator in Teaching factory at Industry 4.0 Lab Polimi

Industry 4.0 Lab

Multivendor environment: AAS as core integration tool for
assets vertical interoperability

Researchers and students: test the tool with expert and non
expert users
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CanvAAS: Open source strategy

The toolset Is available as a component of the Eclipse project
Papyrus: Papyrus4Manufacturing

https://www.eclipse.org/papyrus/components/manufacturing/

apyrusdManufacturing

)
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Asset Administration Shell

- Digital Twin

Definition: digital representation (= information that
represents characteristics and behaviors of an entity),
sufficient to meet the requirements of a set of use cases

note: in this context, the entity in the definition of digital
representation is typically an asset, process or system

’ The Administration Shell 1s the
Implementation of the ,,Digital Twin*“ for
Industrie 4.0
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Administration Shell Architecture/Nature e

Business communication
processes The connection is made
Eunctions using 4.0 communication

 Data | | The administration shell is

. . e the digital part
* The Administration Shell... communication e

~ Integration The asset is the physical

Physical objects ﬁ[ P g part

» integrates the asset into Industrie 4.0

communication. Source: ZVEl SG models and standards

> is addressable in the network and identifies
the asset unambiguously.

» provides a controlled access to all informationof the asset.

> is the standardised and secure communication interface.

» can integrate intelligent and also non-intelligent (,,passive”) assets (without a communication interface), e.g.
via bar codes or QR codes.

( . : . Funded by the
ert Manu-FaCtUP|ng European Union



Details of the Asset Administration Shell
Specification

JiINDUSTRIE4S... ZYEE @ ScOope and content:

SPECIFICATION

Details of the Asset
Administration Shell

» Adresses developers mainly

»describes a technology-neutral information model for Administration Shell
(UML)

» Mapping to OPC UA, AutomationML and RDF

»Security by Design
» Provides specific exchange formats for information (XML, JSON)

Part 1 - The exchange of information >Deﬂnes a package f()rmat fOr eXChanging content (.aaSX)

between partners in the value chain of
Industrie 4.0 (Version 3.0RC01)

https://www.plattform-i40.de/P140/Redaktion/EN/Downloads/Publikation/Details_of the Asset Administration_Shell Partl V3.html
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Asset Administration Shell
Approach

AutomationML

Asset Administration Shell ORPC-UA
Representation Information

modell

External

Data Exchange Format/
Payload

XML & JSON & RDF

Requirements

Connected
World
Enterprise

OPC-UA Work Center
(Client/Server Station
Communication & Pub/Sub) Control Device
Field Device

FProduct

Concept Description

\4

Technology Neutral
UML Model

Sourca: Bosch Rexroth AG. Plattform Industrie 4.0

OPC UA

Information
Model

AutomationMIL

Information :
Operation
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Asset Administration Shell

Submodels

Submodel @

=
Asset Administration Shell
Submodels | | | |
' 2 - = , =
\ Submodel ('ﬁ;'[') Submodel @__o Submodel !!!.'_
IDENTIFICATION TECHNICAL DATA OPERATIONAL DATA DOCUMENTATION
« Manufacturer = CUSTOMER GmbH * Max. Rotation Speed = 5000 [1/min) * Rotation Speed = 4370 [1/min| * Title = Operating Manual

* GLN = 10101010
Submodel elements | i

« Serial Number = P12345678140

* Max. Torque = 200 [Nm|
« Cooling Type ~ BABGS?

Submodel

€ ) Manufacturing

Submodel

« Torque = 117.4 [INm|

Submodel

« Digital File POF >

« Document Class ID =03-02
« Document Class Name = Operation

/aasx/OperatingManual PDF

@ Plattform Industne 4. 0/Anna Salan, designed by freepik
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Asset Administration Shell

Submodels ,
Submodel

TECHNICAL DATA

Describing functional aspects for different use cases by using suitable submodelelen - ""'““ﬂ‘ﬂ““"EWTf’ - l‘iﬂﬂﬂ 1/min}
« Max. Torque =200 [Nm

* Cooling Type = BABG57

» Product properties in terms of IEC61360-1 or ecl@ss

» Process variables and parameters, telemetry data
» Events for observing properties
» References to external data sources or files

» References to other Administration Shells and their parts(submodels, properties), also from external
partners in the value chain

» Capabilities of the asset, description of method calls
» Sets of properties, e.g. lists or arrays

» Entities for describing Composite 14.0 Components

Funded by the
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Asset Administration Shell
Semantic Interoperability

’ Property
MaxRotationSpeed

- semanticld = 0173-1#02-BAA120#008 2000 = Jahr?

- | value = 2000 2000 = Euro?
2000 = Schritte?
2000=...7

semanticld

e P

Property 0173-1#02-BAA120#008
Max. rotation speed

Data type INTEGER_MEASURE

Unit of measure 1/min

Definition Greatest possible rotation speed with
wich the motor or feeding unit may be
operated

2000 = Max. rotation speed (1/min)
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Asset Administration Shell
Semantic Interoperability

* Capability Checking

PrO.dUCt/prC.)CESS Design and maintenance of the ontology
With required 1
habilities ® — !
& (5) P A

Assets with
provided
nabilities

) Y ;

Allocate the capabilities to the AAS
Source : « Describing Capabilities of Industrie 4.0 Components », Platform Industrie 4.0, Nov 2020
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Asset Administration Shell
Meta Model - Basics

< eCl@ss”

CLANEIFICATION AMND FRODUCT SRS RIFETIOMN

elt

Submodel ,,Technical Data*“
contains e.g.

HasDataSpecication

AssetAdministrationShell

Identfiable Max. Rotation Speed [1/min]

+

securtty: Secunty [0..1]

+ denvedFrom: AssetAdministraionShell® [0..1]

Max. Torque [Nm]

Cooling Type [1,2,3]

¢
1 0.*
HasDataSpecication HasDataSpecification
Identifiable .
HasSemantics + fype: QualfierType
Feset ——————— Identifiable| + value: ValueDataType [0..1]
+ kind: AssetKind Qualifiable| ~ . + valueld: Reference [0..1]
+ asselldentficalonMbdel: Submodel” [0..1] Submodel \N\
+ billOMVidenal: Submedel® [0. 1] “‘a_\
l S
Y ~.
tenumeralon® . -
AssetKind . Y
HasDataSpecification
Type aenumeraiony T g:::;:t
Instance ModelingKind HasSemantics
Templaie Qualifiable
Instance Referable
uabstracty AN
SubmodelElement = [Tttt Exemplary Submodel Element
| "Property”,
: cther subelement subtypes include
I operations, collechions, fles efc.
| azxtemsl
| global '
: rfzrznces .:
1
: DataElement
y  Exema Property
+ valueType: DaiaTypelef
textemaly . .
i value: ValueDataType [0..1]
Property Definition |EC 61380 + valueld: Reference [0.1)

V2.0
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Asset Administration Shell
Meta Model — Composite 14.0 Components

Identifiable
HasDataSpecification

AssetAdministrationShell R

+  security: Security [0..1] R
+ derivedFrom: AssetAdministrationShell* [0..1]

Identifiable
HasDataSpecification
Asset
f*.
I\ 0.*
|
| Identifiable
| HasKind
| HasSemantics
| Qualifiable
| billOfMaterial HasDataSpecification
| contains Entities Submodel
|
|
|
|
: 0..*
| Referable
. HasKind
Enti
y - HasSemantics
+ statement: SubmodelElement [0..%] Qualifiable
+ enhtyType: EntityType —{>+ HasDataSpecification
+ globalAssetid: Reference™ [0..1] «abstracts
+ specificAssetid: IdentifierKeyValuePair [0..1] SubmodelElement
| :
eenumeration»
_ EntityType RelationshipElement Funded by the
t Manu-FaCtUP|ng «enum» CoManagedEntit + first Referable® European Union
eenums SelfManagedEntity + second: Referable*




identifiable

Asset Administration Shell _ r
Meta Model — Submodels and SubmodelElements s

HasDataSpecification
Submeodel
]
c L ]
Rleferabls
HasKimd
Hazsemanlics
Qualifiable
HasDalaspacicalion
wabstracts
SubmodelElement
A /\ /\ .'T-. /\ A i ll?l" i
!
|
1
RelationshipElement vabsiracts
CatsElement :
+ fwst helerable” ,
+ sepond Ffjp.&“stl-:t.‘ =4 A A A A A A : o .
A Capability | ' :
- i |+ mputanable: Operabon\anable [0..7] i
- |+ ouputvariabie CrperationVariable [0 "] :
n +  moulpufVanable. OperabonVanable [0..°
~ AnnotstedRelstionshipElement _— . uip C [0..7] | Entity
e 9 Pery ReferenceElement . . . .
+ annolakon. Latstlement |07 + valo LangStingSel [0_1] . + sialement: SubmodslElement [{.°]
' r vakeld 'H;'._._n“zf_ I'iJ |+ vale Reterence [0 1] | N entity Type: EnfityType
S _ : . . + globalAssetld. Reference™ [0..1]
OperationVariable specincAssetid: ldentherieyValuetar 0.1
. p . - Ide 2 1]
Property Range | File | SubmodeiElemenCaliection value: SubmodelElement ‘
5 A S . i i
+ valaTyps DatsTypaDef + yvalwaType DawTypaleaf + value PathType [0 1] : ’Tdﬁj‘:::;::flw .;TH-EIL."!
+ value ValuelalaTvpe |0.1] +  min. ValueDataType 0. 1] + mimslype. Mmelype . .,.| -.;r.:,|..--r::ﬂ'-.1-I|| r_l[' .1i-"1l~+'
valueid- Reference |0 1 +  max ValueDataType [0 1] PR e S eabstracts
Event
I.'-.
Elob ‘ T
+ vyalue BlobTypa [0 1] -
i me | vpe. Mime | ype BasicEvent

+ obsernved. Relerabls”
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Asset Administration Shell
Meta Model — Capabilities and Skills

Skill Drill for Drilling Capability

DeepHoleDrilling:Capability rl:RelationshipElement drill:Operation
semanticld = https://www.eclipse.org/basyx/ id = https://admin-shell.iofaas/
basys-cap.owl#DeepHoleDrilling conceptDescriptions/relationshipElement/ -

CapabilityRealizedBy
idShort = CapabilityRealizedBy

Source: Plattform Industne 4.0
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Example: Asset Administration Shells for a Pick and Place Production Cell

“Required Capabilities” Process
Description Description

“Provided Capabilities” Environmental
Description Model

Production requires produces
—_—
Cell

Product
Description

consists of

“Provided Capabilities”
Description

Skill Description
|II|HHHHHHII|
Source: Plattform Industrie 4.0
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PAPYRUS4AMANUFACTURING: AAS DESIGNER

* A Model Driven Tool providing: Y Digital Twins
#MFINI.IFFIEIE
* An Asset Administration Shells Modelling N Hf
Environment H
0 |
* Asset Administration Shells automatic deployment |
to BaSyx
Robotic Cell
* Digital Twins connectivity to physical assets using S
the OPC UA protocol - =

https://www.eclipse.org/papyrus/components/manufacturing/

Nom événement | Nom Prénom




Papyrus4Manufacturing Tutorial

=2 | f’ Papyrus4Manufacturing - Asset Administration Shell

* Graphical Modelling Interface Presentation vaphus fif —a
=2 ] o /" Papyrus4Manufacturing - Asset Administration Shell
* How to create Assets, AASs, Submodels, SubmodelElements BT — =
Papyrus for Manufacturing B /’ Papyrus4Manufacturing - Asset, AAS, Submodels, Su
* How to create a Submodel Instance from a SubmodelTemplate (AAS Designer) et
° HOW to import an A ASX p aCka ge = 3 2 e 4 (== . ﬂ;ﬁ‘m PP::J;:{yuqusC:it::leanufacturing-AssetAdministration Shell
. . . 7~ ) Papyrus SUBSCRIBED
* How to create Concept Descriptions and how to set SemanticlDs @ Edipse 2 B /) Aoset AdminstratonShll BaSye Codegeneraton'
. . LI Papyrus Eclipse
* How to create a Production Process Submodel using BPMN T ——
* How to create a Bill of Material (BOM) submodel —

 Tabular views in Papyrus4Manufacturin
PY 5 https://www.youtube.com/playlist?list=PLI9NkS1KDT

* How to generate BaSyx Java code Mm7IHOucDZ7Y|lJyZnwSxTk9
* How to set opc-ua connectivity information

* How to get real-time opc-ua data in the AAS

Funded by the
European Union
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