
Ontologies

in Industry
The Good, the Bad, and the Ugly ?
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Your presenter

• Studied Computer Science at LMU in Munich (focus on 

Database Systems & “Knowledge Discovery in 

Databases”)

• PhD at TU Hamburg-Harburg and Universität zu 

Lübeck (Abductive reasoning over DL KBs)

• Principal Key Expert for Knowledge Graph & 

Semantics at Siemens Foundational Technologies

• Working on topics around knowledge representation, 

ontologies, knowledge graphs, and their intersection 

with (narrow and generative) AI
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By combining the real and the digital worlds, Siemens empowers 
customers to accelerate their digital and sustainability transformation 
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Digital transformation has the potential to drive progress and growth 
and reduce resource consumption in all countries

Page 4

Infrastructure

Up to 50% material savings can be 

realized using digital twins and 

innovative production technologies 

such as additive manufacturing.

Mobility

Buildings are currently responsible 

for 39% of global energy related 

carbon emissions. Data analytics 

and automated building management 

can unlock large saving potentials.

Industry

Up to 30% higher network 

capacity can be achieved through 

automatic train operation and by 

optimizing train flows and rail 

operations.
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AI is a key enabling technology for all of Siemens research
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• Siemens AI Patent Position

    #11 Worldwide

      #1 Europe

•1,400+ AI Experts

• Research & Innovation Hubs in Europe, 

US, Asia

Siemens’ AI facts & figures
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CCT Data Analytics and Artificial Intelligence (DAI)

• Focus: Research and predevelopment on Industrial Artificial Intelligence

• >230 employees across 14 research groups in 7 countries

• Core research areas

• Generative AI: LLM, time series foundation models, agentic AI, …

• Machine Learning: reinforcement learning, transformers, Gaussian processes, physics 

aware machine learning, …

• Data Analytics: prediction, anomaly detection, classification, information visualization, …

• Reasoning and Semantics: Ontologies, Knowledge Graphs, AI memories, Graph Neural 

Networks, …

• Optimization and Control: Discrete Optimization, Stochastic Optimization, Convex 

Optimization, Quantum Optimization, …
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The Good

Success stories 

using semantic 

technologies at 
Siemens

The Bad

Where we are still 

struggling

The Ugly ?

Now that GenAI is 

here – who still 

needs semantics?
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The Good

Success stories 

using semantic 

technologies at 
Siemens



Semantic abstraction layers support data unification and integration across 
independent systems and ensure Semantic Interoperability

Integrated and standardized 

data access

Curated Semantic Knowledge Base

Terminology and data model Instance data / concrete objects

HistorianRelational DB BOM Product Specification Plant Design
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Semantic Data Layer @ Siemens Healthineers

Work by

Dr.-Ing. Behrang Ashtari, Siemens Healthineers

& team
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Semantic Layer: Healthineers Enterprise Ontology 
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12

TE PLE Semantic Data Layer – A multi-layered Enterprise Ontology
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Digital Twin Graph @ Siemens Mobility

Work by

Juan-Manuel Lorenzi, Foundational Technologies

& team
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Procurement
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The SMO Digital Twin Graph connects information across silos & PLM phases
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Intelligent recommender for graph-based simulation selection

VR

BOM REQ 
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Teamcenter Simulation
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Recommender 
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SIM Model A
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Product configuration management

Work by

Neeti Ravi, Electrification & Automation

& team
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Value Proposition Concept

- Establish a single source of truth as the strategic 

foundation for SI EA product and configuration 
data

- Leverage this centralized data to drive improved 

collaboration, innovation, and future-readiness 
across the organization

- Deliver a cloud-based and scalable data 

management application to enter, update and 
maintain consistent and reusable data, seamlessly 
integrating the currently fragmented data sources

- Empower the SI EA business with a digital, future-
ready, tool-independent approach to data 

management and utilization

Users working with 

product and 

configuration data, 
including:

- Product Lifecycle Mgrs 
(PLM)

- Variant Configuration 

Mgrs. (Operations)
- R&D

- Engineering
- Costing & Pricing

Target group

|KG use case 1

Project/ Tool 

name

Project 

vision:

Project 

objectives:

SI EAOwner(s)KG use case 1

- Fragmented data 

sources and silos
- Unreliable, not 

machine-readable 

data
- Inefficient 

collaboration and 
knowledge sharing

- Challenges in 

leveraging data 
strategically

Pain Points

- Unified, cloud-based 

data repository
- Integrated data from 

multiple sources

- Advanced data 
quality management.

- Features for teams' 
collaboration

- Predictive analytics 

and AI-powered 
insights

New 

Functionalities

- Better decisions 

based on better data 
quality

- Faster innovation 

and collaboration
- Better accountability 

& traceability of data 
changes

- Increased agility and 

future-readiness

Expected 

Value

- The first release is 

available for PLM and 
replaces excel files to 

maintain one Medium 

Voltage Switchgear 
product data. 

Advancing 
development and pilot 

testing of future 

capabilities.

Current 

status

Enhanced capabilities and 

expand into more data use 

cases and products.

40+ products with 500+ 
technical features, 50+ 

electrical components, 250+ 

accessories, Millions of 

interlockings, 

Future

Goals
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Ontological Modelling of Materials

Work by

Patrick Schneider, Foundational Technologies

& team
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Keynote BMBF Materialforschungskonferenz 2025
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OntOMat - Project Overview

• Funded under the “Plattform MaterialDigital” initiative by Frauenhofer IVM, Max-Planck-Institut, KIT, etc.

• “The platform should become the infrastructure for exchange and linking of data, ontologies,  SW solutions  for the 

material domain” (in D)

• Overview on https://www.materialdigital.de

• Two funding calls, third one soon to come

• OntOMat is

• Sustainable ontology-based 

development

• for fiber-reinforced materials and 

• their manufacturing processes

• and simulation processes

• Partners: 

• Siemens Technology

• DLR – Institute of Lightweight Systems

• BIAS – Institute of Applied Beam 

Technology

• Fraunhofer Institute for Material Mechanics

• Nexpirit GmbH
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Ontology – Material Classification Ontology

Top-level is from IDO, then own classes, and bottom classed from IEC 62474:2018
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Ontology – Material Classification Ontology (cont.)

Classification of composite materials via reasoning (by equality axioms):

PolymerMatrixCompositeMaterial ≡ CompositeMaterial ∧ ∃ matrixWithTransitive.Polymer

....

FiberReinforcedCompositeMaterial ≡ CompositeMaterial ∧ ∃ reinforedWithTransitive.Material

....

FiberReinforcedPolyVinylChloride ≡ CompositeMaterial ∧ ∃ reinforedWithTransitive.Material ∧ ∃matrixWithTransitive.PolyVinylChloride

FiberReinforcedEpoxyResin ≡ CompositeMaterial ∧ ∃ reinforedWithTransitive.Material ∧ ∃ matrixWithTransitive.EpoxyResin

....

FilledReinforcedEpoxyResin ≡ CompositeMaterial ∧ ∃ filledWithTransitive.Material ∧ ∃ matrixWithTransitive.EpoxyResin

....
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Processes: VDI/VDE Process Description is our Modeling Approach  

VDI/VDE 3682 (formalised process description) is a generic approach to describe manufacturing process from 

design/construction perspective published in 2015
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Ontology: The VDI/VDE 3682 Ontology

VDI/VDE 3682 model is captured OntOMat ontology (simplified version), but we also refined it a bit… 
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Standardization & the Siemens Ontology Library

Work by

Dr. Maja Milicic-Brandt, Foundational Technologies

& team

Unrestricted | © Siemens 2025 | Thomas Hubauer | Foundational Technologies | 2025-08-01Page 28



ISO 23726-3 IDO is an upper ontology for representing 
industrial data, information, requirements and standards

• A precise, abstract and simple vocabulary, including 
classes and relationships (properties) between these.

• The rules and restrictions (grammar) for an ontology- 
based ecosystem

• Derived from / inspired by 

– ISO 15926-2:2003 

– ISO/IEC 21838-2:2021 – Basic Formal Ontology (BFO)

• Formulated in the language of W3C OWL 2
– Precise modelling

– Automated reasoning

• Developed in Norwegian Energy (O&G) industry and 
applied in several others

ID
O

 c
la
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Standardized Ontologies define Modeling Patterns for Reference Data Libraries
and provide Foundation for Interoperability and Re-Use

Industrial Data Ontology – IDO 

is an industry-domain-agnostic ontology 

that defines top-level classes, relationships 

and modeling patterns for industry 

reference data libraries.

Physical Object

Artefact

Pump

Centrifugal 

Pump

CFIHOS: 30000521

IEC 81346-2: GPB

ISO 15926-4: 
CENTRIFUGAL PUMP
ECLASS: 36-41-01-90 

Centrifugal pump 

(unspecified)

…

Max Power

ECLASS:
0173-1#02-AAB885#006

IEC CDD: 
0112/2///61360_4#AAD151
…

 

Kilowatt kW
https://qudt.org/vocab/unit/KiloW

conversionMultiplier:1000

IEC CDD: 
0112/2///61360_4#AAD151
UNECE: KWT
UCUM: kW
…

Power

ScalePhysical Quantity

isA

isA isA

isA

isAisA

applicable 

unit

has quality

has quality

IDO is being standardized as a part of 

the new standard ISO 23736 – 

Ontology-Based Interoperability under

ISO/ TC 184/ SC 4.

Final Remarks

• Standards mapping is laborious but 

leads to a better data quality!

• NLP tools and LLMs can help!

• We need people with the right skills 

and an ecosystem-wide cooperation!
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Ontologies ensure Interoperability of Enterprise Vocabularies by Importing and Re-using
Generic Concepts and Modelling Patterns; FAIR principles
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Rolling

Stock 

Siemens Ontology Library

ecl@ss

Enginee-

ring

Power

Meter

P&ID

Clean 

Room

Product

Comfort

Fire

Asset

Smoke
Building

Security

Fire

System

Industrial

Ontology

1592614

Units

Siemens 

Base

IoT

Grid

WoT

Thing

Project

Signaling

System

Trans-

former

Industry standard Building Rail Siemens Core Energy Production

Siemens-wide shared resource (via GitLab, Intranet, community building)

Guidelines

Templates

Automated publishing process (CI/CD)

Strong recommendation:

• Ontology Library as starting point for your modelling project

• Publish your data model as an (OWL) ontology

The Siemens Ontology Library
Lowering the entry barrier to semantic modeling
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The Good

Success stories 

using semantic 

technologies at 
Siemens



Restricted | © Siemens 2025 | Thomas Hubauer | Foundational Technologies | 2025-08-01

The Bad

Where we are still 

struggling



Creation of shared ontologies still rather limited …

• Curation of ontologies considered a “detour” 

• Lack of intuitive tooling for Domain Experts

• Modelling by Knowledge Engineers does not scale (enough)

• Lack of people with double skill sets (domain & semantics)

The Siemens Ontology Library
… why we struggled

Active usage of ontologies in code still rather rare …

• Microservices and DDD preferred paradigm among SW Architects

• Swagger, JSON Schema, LinkML etc the home turf of SW 

Developers

• Independent services and teams the main priority

• Cognitive burden of understanding an ontology

Islands of semantics in

standalone-services

Extensive need 

for mappings

Disconnect between ontologies 

and vocabularies used in code
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Towards ONE Siemens Polyglot Model Library
We have set ourselves the following tasks

Be formalism-

agnostic

Adhere to FA(I)R 

principles

Make domain 

models and data 

contracts 

actionable

Allow different 

perspectives on the 

same concept

Learning 1: Accept that domain models come “in all shapes and sizes”

Learning 2: Accept that truth is both global and local

Learning 3: Transparency first – harmonization later

Learning 4: Understanding (a domain model) is a haptic process
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Towards ONE Siemens Polyglot Model Library
Bringing together Data Contracts and Domain Models

Data Centric

Application-focused

Knowledge Centric

Application-agnostic

Domain Model
organizes domain vocabulary and knowledge

Classes

Vocabulary

Relations

Data Contract
defines data structures (& SLAs)

Attributes

Data Structures
APIs

Payloads Availability

Updates

Reliability
Ontology

Captures meaning of terms for

Brings different worlds and viewpoints together

Common Understanding

Unrestricted | © Siemens 2025 | Thomas Hubauer | Foundational Technologies | 2025-08-01Page 38



Towards ONE Siemens Polyglot Model Library
Technical Sketch

Model Management

Auxiliary

File Store

Neutral Model 

Repository

Buildings

Location 

API

Asset

API

Translation services

JSON 

Schema

XML

Schema
OPC UA AAS

Automation 

ML

…

Production

DPPM

API

KPI

API

Energy

Price

API

OWL/ 

SHACL
WoT

Data Management

Instance

Management
…

Support services

…

Polyglot Library

Customer facing

applications

Packaged business

capabilities (PBC)

to be re-used accross

applications

Core Services

Developer 

Experience

Model

Mgmt.

Mapping 

Mgmt.
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Towards ONE Siemens Polyglot Model Library
Technical Sketch

Model Management

Auxiliary

File Store

Neutral Model 

Repository

Buildings

Location 

API

Asset

API

Translation services

JSON 

Schema

XML

Schema
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…

Production

DPPM

API
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API
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WoT

Data Management

Instance

Management
…

Support services

…

Polyglot Library

Customer facing

applications

Packaged business

capabilities (PBC)

to be re-used accross

applications

Core Data Services

(CDS) within

Foundational Services

Developer 

Experience

Model

Mgmt.

Mapping 

Mgmt.

1

Bricks model is converted 

to neutral representation 

and stored in the repo

User A submits 

(part of) Brick 

OWL via PML

User B asks for 

JSON Schema for 

Buildings

Neutral format model of 

Building is retrieved and 

converted into JSON 

Schema

2

3

5

4

2

4
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Semantic Modelling Copilot
Accelerating the modelling journey for non-ontologists

Semantic Modelling 

Copilot

Digitalization

Transla

tio
n

Fo
rm

a
liza

tio
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R
efinem

ent

Drawing-2-Diagram

Generate draw.io file from whiteboard drawing

Schema-2-Visualization

Generate visualization 

(e.g., UML) from schema 

specification

Language-2-Schema

Change schema based on natural language instructions 

or document input

Diagram-2-Schema

Generate schema from diagram 

considering core schemas 

Schema-2-Schema

Data-2-Data

Generate standardized schema 

transformations and data mappings
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The Bad

Where we are still 

struggling
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The Ugly ?

Now that GenAI is 

here – who still 

needs semantics?
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By 2028 the Internet is running out of training data

More 

Compute +
More 

Data

Better

AI= ?
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Industrial GenAI systems will be more than a single Foundation Model!
Ecosystem of Multimodal Agents

Value

Instruct

Request

Answer

Orchestration

Skills

AI

APIs

Domain

Tooling
Retrieval

APIs

Multimodal

LLMs

Industrial 

Grade AI

Explainability

Transparency

Continuous 

evaluation

Guardrails

Safe & secure 

Infrastructure

Data safety & 
security

Knowledge

Diagrams,  Documents CAD, Point CloudsSiloed IT Systems IoT Sensors, Events
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Audio

ImageText

Video

Existing Commercial 

Pretrained Models
are now Multi Modal! What these Multi Modal Models can now do 

Vision

• Image classification

• Object detection

• Image-to-Image

Audio

• Audio classification

• Speech recognition
• Audio generation

Code

• Code generation

• Code translation

• Tabular 

regressionTable

• Tabular 

classification

• Tabular regression

Language

• Conversations

• Translation

• Knowledge extraction

• Summarization
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Audio

ImageText

Video

Industrial Foundation 

Model
Training AI on the “language” of Engineering and 
Manufacturing

M
o

d
a

li
ti

e
s

Simulation

System 

design

Electrical 

design

BOM

Mechanical 

design

Manufacturing

Existing Commercial 

Pretrained Models
are now Multi Modal!

What these Multi Modal Models can now do 

Vision

• Image classification

• Object detection

• Image-to-Image

Audio

• Audio classification

• Speech recognition
• Audio generation

Code

• Code generation

• Code translation

• Tabular 

regressionTable

• Tabular 

classification

• Tabular regression

Language

• Conversations

• Translation

• Knowledge extraction

• Summarization
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Our options to integrate industrial domain knowledge into generative models

Cost & Complexity

Take 3rd-party models “as is” (Opt. 1a&b) and add to them (Opt. 2) Modify models (Opt. 3) or build new ones (Opt. 4)

Prompting: Learning via few in-domain samples

Prompting with information retrieval: 
Retrieve and add relevant content to the prompt

Information access via plug-ins: 
LLM calls a plug-in with access to own content

Supervised fine-tuning: LLM as basis for training

an in-domain prediction model with labelled data

Re-training & Training “from scratch”: Train with a

large unlabeled corpus to enable better domain representations

Q

10100
 1001110

adapt

Samples

Samples

A

AQ

S

A

A

A

Retrieved docs Q

Q

QSamples

S train

Option 1a

Option 1b

Option 2

Option 3

Option 4
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Example Industrial Engineering
Deploying Siemens Industrial Copilots throughout the machine lifecycle

Engineering Operation

Plan

C
o
de

M
onit

o
r

O

ptimizeRele
as

e

V
alidate

Operate

D
ep

lo
y

Code

Generate HW-Config,

HMI screen & code, PLC code

Documentation

Support engineers

with automation information

Validation

Generate unit tests

of function blocks 

Operate

Finding and fixing errors

based on documentation

Validation

Generate unit tests

of function blocks 
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Siemens Product Announcements on GenAI in 2024

… and much more to come in FY25!
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Contact
Dr. Thomas Hubauer

Foundational Technology

Principal Key Expert

Knowledge Graph & Semantics

thomas.hubauer@siemens.com
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