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Roadmap:
where are we?

discussion on start on document How-to file Further research on

possible _ documenting capabilities of AML-

descriptions further refinement of description creation Ontologies given Al-
mapping Context

jul, 2023 | sep, 2023 May, 2024 | April, 2024 jul, 2024 [ RS Sep, 2025 Mar, 2026

working deglsllor] for using creating first document Mapping
group ontologies constraint finished available
kickoff working on files through XSLT
automatic AML- ?na;spﬁérég
OWL mapping

through a Java
application
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Ontologies are descriptions of concepts

Definition Easy communication

Easy machine readability

Description of domain

knowledge through

attributes and relationships @ W3C defined RDF as Staf‘d?rd
for resource description

Realization of
equivalence
relations

Easy visualization

different tools offer
integrated libraries to
visualize your
ontologies

To ease workflow and
help discover new
properties



What is an ontology?
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Information stored as

* Objects

* Relations

* Instances

Machine-readable

Machine-interpretable

Contains Semantics

* Even the meaning of information is
machine-readable

e ,What does it mean to be a child?*

Things in a
production plant
N 4
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Vehicle Ma\chlne
[ 4
bV ¢
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Robot
E-Class S-Class Type: Conveyor

(Cabrio) Equipment.xka4?2
ESP, ...
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Ontologies built from AutomationML

* Internal Elements, Attributes, Interfaces

mapped as Individual
* RoleClasses, InterfaceClasses,
AttributeTypes mapped as Classes
* Inheritance mapped as Subclasses

4 [E] Werk {Role: Site}
A Gebaeude {Role: Areal
A Geschloss1 {Role: Areal
p & [E] Band1 {Role: ProductionLine}
4 [IE] Geschoss? {Role: Area}
p 8" [E] Band2 {Role: ProductionLine}

4 [[§ Fertigungslinie {Role: ManufacturingArea}

Gaschoss)

Master: Band1}

Master: Band?Z}
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What do you need to use the Ontology
Mapping?

B g

XS am| - XSLT Schema
‘ ‘ E available at
XSLT Interpreter AutomationML-Git
Apply schema
W /@ through suitable

Ontology editor to .aml file

w
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The Al-Boom and its issues...

l 01 Too much data

Huge quantity of data without clear structure or meaning

02 Not enough context
Data without semantic connections

03 Hallucination
Since a reliable context is missing

| \ 4
l 04 Trust issues

Users lose their trust in Al-tools
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Benefits of AutomationML Ontologies

* AutomationML as source for Al
 Much knowledge already documented
 Knowledge in areas where regular Al models often
struggle
 Domain-specific knowledge
* Special vocabulary
* Use cases require high trustworthiness
* Problem: AutomationML is not easy to connect to Al
e Converter AML => Ontologies
* Using the benefit of ontology-tooling and research
* While making use of many years of AutomationML

knowledge
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SHACL - Semantic checks for CEKS
ontologies

e Same as XSD for XMLs, but for

. @prefix sh: <http://www.w3.org/ns/shacl#> .
OhtOlogIeS ex: <http://example.org/> .
 ,Shapes Constraint Language”
(SHACL)
« W3C standard for graph
description

* Use case: Checking data

» Reference:

Shapes Constraint Language (SHA
CL) (w3.org)
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https://www.w3.org/TR/shacl/
https://www.w3.org/TR/shacl/

FD4AML: Checking your .aml step
by step

So
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[ft] Glueing {Class: Resaurce }

[ LCA (Class: Resource |
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& Spmbt

* § Migas_Spial

Constraints (SHACL)

mod:SpielbrettProperty
& sh:PropertyShape ;
sh:path mod:enthaellt ;
sh:qualifiedMinCount 4
sh:qualifiedMaxCount 4
sh:qualifiedValueShape [
sh:class mod:5Spielstein ;
sh:property [
sh:path mod:Farbe;
sh:hasValue "Rot":

]

Ontologies (OWL) e ———

Severity SourceShape Message

hitp:iwww.w3.orgins/shaci#Violati... c749a413804cb9c744ab40d05e3... Name muss Grossbuchstabe gef.. :
hittp:/hwww.w3.orgins/shaci#Violati. . a7ddiDM69574aa295389d4071... Property needs to have atleast4v..

[F# 5w http:iwww.w3.org/ns/shaci#Violati . d2d583c520f40b62a4defb09815... Property needs fo have atleast 1v...:
hitp:/www.w3.orgins/shacl#Violati... 5c1177e524dcc5939c64776b7bd... Property needs to have atleast 1v...:

hitp:iiwww.w3.orgins/shaci#Vviolati... 5c1177e524dcc5939c64776070d... Value must be a valid literal of typ.
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<f» File Edit Project XML JSOMN DID/Schema Schemadesign XSL/XQuery Authentic DB Convert View Browser Tools Window Help

e & ! [B6

EED

127
128 B
129 B

Textr . _
STYAML2TTLaslt  <T>LibraryParsingaslt  </>140_UA-AML-Example.aml = XSL Output.tdt

Messages

Messages  XPath/XQuery XSLOutline HTTP FindinFiles FindinSchemas Findin XBRL  Charts  XULE Context

Formal Description for AutomationML

i)
i
4

BA ey O III % xR Xp EEI:!EE PLE III
-~ Hk.

S e A

C LG

<AdditionalInformation AutomationMLVersicn="2.8" />
<Addi‘tionalIn‘For‘mation>|Z| ‘AdditionalInformation>
<AdditionalInfermation>[...|</AdditionalInformation>
<InstanceHifprarchy Mame="I4.8Fabrik">
<Version®®.3.5</Version>
<InternalElement Mame="Modulare Konzeptfabrik" ID="282c58aa-1c61-48c8-adbe-c6@06c8asebb™>
<Attribute Name="Breite" AttributeDataType="xs:unsignedInt" Unit="mm">

<Valuer2336</Value>

</Attribute>

<Attribute Name="Lange" AttributeDataType="xs:unsignedInt” Unit="mm">
<Valuer3915</Value>

</Attribute>

<Attribute Name="HShe" AttributeDataType="xs:unsignedInt” Unit="mm">
«Valuex1797<¢/Value>

</Attribute>

<InternalElement Mame="Station Packen"™ ID="8f11d523-8848-4964-8c18-b26b5ab2fcca”>

<Description>Die Station Kommissionieren ist fiir die Befiillung der Trays mit Flaschen zustindig. Die Trays werden auf jeder Seite mit je 3 Flaschen bestiickt.[...|</Description:

<Version>@.1</Version>
<Attribute Name="Position" AttributeDataType="xs:unsignedInt”>[...[</Attribute>
<Attribute Name="Breite" AttributeDataType="xs:unsignedInt" Unit="mmﬂ>[::jcfAttribute)
<Attribute Name="Maximale Breite mit Kamera" AttributeDataType="xs:unsignedInt" Unit="mm"»[...]</Attribute>
<Attribute Name="L3nge" AttributeDataType="xs:unsignedInt” Unit="mm">[...|</Attribute>
<Attribute Name="Maximale Lange mit Kamera und Handling" AttributeDataType="xs:unsignedInt” Unit="mm">[::]<Iéttribute>
<Attribute Name="HShe" AttributeDataType="xs:unsignedInt™ Unit="mm">[...[</Attribute>
<Attribute Name="Maximale Hohe" AttributeDataType="xs:unsignedInt” Unit="mm">[...|</Attribute>
<Attribute Name="Gewicht" AttributeDstaType="xs:unsignedInt” Unit="kg">[...]</Attribute>
<Attribute Name="Maximale Anzahl ven Flaschen im Greifer” AttributeDataType="xs:unsignedInt” Unit="Stk">[.._|</Attribute>
<Attribute Name="Maximale Anzahl von Flaschen auf dem Band" AttributeDataType="xs:unsignedInt" Unit="stk">[...|</Attribute>
<InternalElement Mame="Start" ID="bdB8@d94-1c48-46d3-9cc5-elc238fa3af@”>[... |</InternalElement>
<InternalElement Name="Stop" ID="BeB®4dald-afl6-4b97-a165-58be34bf87e2">[.. . |</InternalElaments
<SupportedRoleClass RefRoleClassPath="AutomationMLExtendedRoleClassLib/ProductionUnit™ />
</InternalElement>
</InternalElement>
<InternalElement Wams="O0PCUA Server" ID="leaSc9dl-6ed3-431f-9935-db2b8cBf2bb5">
¢Attribute Name="DiscoveryURL" AttributeDataType="xs:anyURI">
<Valueropc.tcp://i48-demoanlage :4845</Value>
</Attribute>
<Attribute Name="NameSpaceTable">
<Attribute Name="0" AttributeDataType="xs:anyURI">
<Valuerhttp://opcfoundation.org/UA/</Value>
</Attribute>
</Attribute>
<RoleRequirements RefBaseRoleClassPath="DataVariableRoleClassLib/DataSource/0PCUA-Server™ />
</InternalElements>
</InstanceHierarchy>
<InterfaceClassLib Hame=“AutomationHLInterFaceClassLib“>[::jc
<RoleClassLib Mame="ExampleRoleClassLib"”>[...]</RoleClassLib>
<RoleClassLib Name="DataVariableRoleClassLib"s[...|</RoleClassLibs
<RoleClassLib Name="Aut0mationMLBaseRaleClassLib">[::]<FnoletlassLib}

Grid | Schema | | Authentic | Browser

¥ Context
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1 ?(CAEXFile xsinolamespacesSchemalocation="CAEX_ClassModel V2.15.xsd" FileMame="I48 UA-AML-Example.aml” SchemaVersion="2.15" xmlns:xsi="http://www.w3.org/2001/XMLS5chema-instance™>

Variables  XPath-Watch

¥ Call Stack

MName

| Location

| Result Document

- 8 X

» o4

—



FD4AML: Checking your .aml step  CEks
by step

Source (AML) Constraints (SHACL)

Al (RAG)
&/ %
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Problems — What we have to CEKS
tackle in the future

* Mapping and Check not as AML-Editor Plugin available

AI‘Ch iteCtU rd I * No support for software to use schema

* GUIDs (used preferably for mappings) not arbitrary for

TeC h n icq | every AutomationML concept.

* SHACL check currently usable only as .java application.

—l
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More details? CEKS

* AR Formal Description for AutomationML.

https://www.automationml.org/wp-content/uploads/2025/09/AR-Formal-De
scrllotlon -for-AutomationML. pdf

. Version 1.0.0, State September 2025.

* Philipp Wrobel: Generation of formal description for AutomationML using Large
Language Models. Bachelor Thesis. Hochschule Ravensburg-Weingarten.
4.2.2025.

 Tom Westermann, Malte Ramonat, Johannes Hujer, Felix Gehlhoff, Alexander
Fay: Automatic Mapping of AutomationML Files to Ontologies for Graph Queries

and Validation. IEEE Open Journal of the Industrial Electronics Society,
2026/3/12. 2026.

 BMWE Forschungsprojekt ,DIAMOND - Digitale Anlagenmodellierung mit
neutralen Datenformaten”. https://diamond-project.de/.

* ITEA4-Forschungsprojekt ,GENIUS - Generative Al for the Software Development
Life Cycle”. https://itea4.org/project/genius.html.
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https://www.automationml.org/wp-content/uploads/2025/09/AR-Formal-Description-for-AutomationML.pdf
https://www.automationml.org/wp-content/uploads/2025/09/AR-Formal-Description-for-AutomationML.pdf
https://ieeexplore.ieee.org/abstract/document/11430567/
https://ieeexplore.ieee.org/abstract/document/11430567/
https://ieeexplore.ieee.org/abstract/document/11430567/
https://ieeexplore.ieee.org/abstract/document/11430567/
https://ieeexplore.ieee.org/abstract/document/11430567/
https://ieeexplore.ieee.org/abstract/document/11430567/
https://diamond-project.de/
https://itea4.org/project/genius.html

We are searching for new
workgroup members!

Participants need either:

» General feeling for object oriented
modelling

* Ontologies
* SHACL

We meet bi-weekly on Thursdays!

Speak to office or to us directly, if you are
interested!
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Sandra Eisenmann

Mercedes Benz Tech Innovation GmbH
Data Scientist

Sandra.Eisenmann@mercedes-benz.com

+49 (160) 8652210
https://www.mercedes-benz-techinnovation.com/de

Dr.-Ing. Miriam Schleipen

EKS InTec GmbH
Chief Research Officer

Miriam.Schleipen@eks-intec.de
+49 (151) 12965307
www.eks-intec.de
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