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Platform MaterialDigital Core Ontology - PMDco Agenda

Intented for

• 1st contact with Ontology

• MSE Actors

Intented for

• MSE Actors

• Potential PMDco User

Block 1 - Semantic Interoperability & PMDco Basics

Brief Introduction to Ontologies 

Break (15min)

Intro. to Platform Material Digital Core Ontology (PMDco)

Q&A

Lunch Break (45min)

Block 2 - Hands-on PMDco Workshop

Hands-on Session

Wrap-up & Feedback
- Q&A

09:00 – 10:30

10:45 – 11:45

11:45 – 12:15

13:00 – 14:30

14:30 – 15:00
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Platform MaterialDigital Core Ontology - PMDco Who I am?

Dr.-Ing. Khashayar Razghandi

2001 – 2006: B.Sc. MSE - Industrial Metallurgy @Sharif Uni.Tech. 

2007 – 2009: M.Sc. MSE - Applied Polymer Science @Martin Luther Uni.

2010 – 2014: Dr.-Ing. MSE - Biomaterials @MPIKG  @TU Berlin  @ ETH

2014 – 2023: R&E Interdisciplinary Materials-X @Exc.Cluster MoA @HU Berlin @MPIKG)

Materials Philosophy - Materials Design - Materials Sustainability

2025 – now : R&D MSE - Materials Ontology @Platform Material Digital @BAM
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20 min

15 min

10 min

10 min

PMDco Intro.

➢ PMDco as an “anchor” mid-level Ontology, supporting Semantic Interoperability in MSE

➢ PMDco structure; modules; classes; properties etc.

PMDco Tools-scape

➢ GitHub – as a Collaboration tool; PMDco Repositories

➢ Protégé – open-source Ontology Editor

➢ ODK – Ontology Developement Kit

PMDco Potentials

➢ Reuse: PMDco-anchored Application/Domain ontologies

➢ Integration: PMDco uptake in Industry & Academia

PMDco Processes

➢ Development Process - How we work as a community

➢ Community Channels - How to engage with the community

PMDco - walkthrough



Our ongoing goal is to establish data structuring standards & agreements

that facilitate technological semantic interoperability of (meta)data and services

among all stakeholders in Material Science & Engineering, 

in alignment with FAIR data principles.

To achieve this, prototype ontologies are created, 

continuously enhanced, and shared in repositories, 

with ongoing engagement & collaboration within the community.
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Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering
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an Ontology

is an explicit, formal specification of shared conceptualisation and their relationships 

that describe a domain in a consistent, machine-interpretable way. 

Ontology

meaning of all terms is clearly & unambiguously defined 

consensus

abstract model (domain, relevant terms, relations)

interpretable by machines
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Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

an Ontology

is an explicit, formal specification of shared conceptualisation and their relationships 

that describe a domain in a consistent, machine-interpretable way. 

Ontology

meaning of all terms is clearly & unambiguously defined 

consensus

abstract model (domain, relevant terms, relations)

interpretable by machines



MSE,  

ontologies provide a common framework for 

materials, processes, structures, properties, and data,

enabling information to be organized, linked, and reused 

across tools, experiments, workflows & actors.

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

Material Science & Engineering
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an Ontology

is an explicit, formal specification of shared conceptualisation and their relationships 

that describe a domain in a consistent, machine-interpretable way. 

Ontology

meaning of all terms is clearly & unambiguously defined 

consensus

abstract model (domain, relevant terms, relations)

interpretable by machines
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Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

➢ Achieve interoperable materials and processes data

➢ Traceability of (meta-)data across the value chain

➢ Support FAIR data principles for reproducibility & reliable reuse.

Material Science & Engineering
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Processes Structure

Process-Structure 

Process-Property Structure-Property

Properties
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that describe a domain in a consistent, machine-interpretable way. 
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Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

Semantic Interoperability

Materials Science & Engineering

How processes influence material structure

Processes Structure
Materials 

Manufacturing

and simulation

Material composition 

and features

Material qualities and behaviors

Process-Structure 

Process-Property Structure-Property

How processes 

influence

material properties

How material structure

determines behavior

Properties

across the value chain
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Data Scientist   

Mechanical Test Lab

Simulation Group

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

➢ Ambiguity in the diverse nomenclature of concepts in Materials Science & Engineering

Semantic Ambiguity Semantic Interoperability
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Force (N) Load (kN)

DataBase A:

> Chem. Subs. 

> Mixture

> Alloy 

DataBase B:

> Eng. Material 

> Metal

> Alloy
Tensile Test

(ApexForcy)
Tensile Test

(TitanPullo)

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

Semantic Ambiguity Semantic Interoperability
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➢ Ambiguity from inconsistent outputs, labeling, units, database categorization etc.



Heat Treatment

Lost 

context

Lost 

context

Lost 

context

Lost 

context

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

➢ Ambiguity from the diversity of interests & focus of different Actors around the same process.

Semantic Ambiguity Semantic Interoperability
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Materials Composition 

& Structure

Aerospace Application

Manufacturing 

Process

Materials 

Composition & Structure

Aerospace 

Application

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

Semantic Ambiguity Semantic Interoperability
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➢ Ambiguity from the diversity of perspectives throughout the Value Chain
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“… in the Platform MaterialDigital, MSE ontologies are created, 

continuously enhanced, and shared in public repositories,

with ongoing engagement within the community… “

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

How… !?
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BFO

( BFO 2020 Standards )

Platform MaterialDigital Core Ontology (PMDco)

PMDco v3.0 aligned with Basic Formal Ontology (BFO)

PMDco v3.0 mid-level core ontology anchored to the Basic Fromal Ontology at the Top 
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BFO

Basic Fromal Ontology at the Top as a domain-neutral upper ontology ​

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering



Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering
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Basic Fromal Ontology at the Top as a domain-neutral upper ontology ​

Top-Level

Ontology 

Mid-Level

Ontology

Domain / Application

Ontology

Domains:

Raw-Data, Processes,

Processed Data

RO - Relation Ontology

IAO - Information artifact Ontology

OBI - Ontology for Biomedical Investigations 

BFO - Basic Formal Ontology

CHEBI - Chemical Entities of Biological Interest

QUDT - Quantities, Units, Dimensions, Types



Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering
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Top-Level

Ontology 

Mid-Level

Ontology

PMDco v3.0 mid-level Core Ontology ​

Domain / Application

Ontology

Domains:

Raw-Data, Processes,

Processed Data

RO - Relation Ontology

IAO - Information artifact Ontology

OBI - Ontology for Biomedical Investigations 

BFO - Basic Formal Ontology

CHEBI - Chemical Entities of Biological Interest

QUDT - Quantities, Units, Dimensions, Types

Ein Bild, das Kreis, Screenshot, Grafiken, Schrift enthält.

Beschreibung automatisch generiert.

Interdisciplinary Community

Domain Knowledge



Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering
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Top-Level

Ontology 

Mid-Level

Ontology

Domain / Application

Ontology

Domains:

Raw-Data, Processes,

Processed Data

RO - Relation Ontology

IAO - Information artifact Ontology

OBI - Ontology for Biomedical Investigations 

BFO - Basic Formal Ontology

CHEBI - Chemical Entities of Biological Interest

QUDT - Quantities, Units, Dimensions, Types
Tensile Test Ontology - TTO;Heat Treatment Ontology - HTOVickers test Ontology - VTO;Logistics Ontology - LOG;NFDI Matwerk Ontology – MWO;…

Tensile Test Ontology - TTO;

Heat Treatment Ontology - HTO

Vickers test Ontology - VTO;

Logistics Ontology - LOG;

NFDI Matwerk Ontology – MWO;

…

Ein Bild, das Kreis, Screenshot, Grafiken, Schrift enthält.

Beschreibung automatisch generiert.

PMDco v3.0 mid-level Core Ontology ​
Interdisciplinary Community

Domain Knowledge
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PMDco as an “Anchor” mid-level Ontology… … supporting Semantic Interoperability in MSE

Top-Level

Ontology 

Mid-Level

Ontology

Domain or

Application Ontology

Domains:

Raw-Data, 

Processes,

Processed Data

RO - Relation Ontology

IAO - Information artifact Ontology

OBI - Ontology for Biomedical Investigations 

BFO - Basic Formal Ontology

CHEBI - Chemical Entities of Biological Interest

QUDT - Quantities, Units, Dimensions, Types

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

Tensile Test Ontology - TTO;

Heat Treatment Ontology - HTO

Vickers test Ontology - VTO;

Logistics Ontology - LOG;

NFDI Matwerk Ontology – MWO;

…

Processes Structure

Process-Structure 

Process-Property Structure-Property

Properties
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Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

BFO

ro

iao

obi

chebi

…

PMDco v3.0 mid-level core ontology
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Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

BFO

ro

iao

obi

chebi

…

PMDco v3.0 mid-level core ontology

Modularized… facilitates scalable expansion of the ontology
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Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

PMDco v3.0 mid-level core ontology

Modularized… facilitates scalable expansion of the ontology

➢ Self-Contained Subdomains: PMDco is divided into six core modules for Materials 

Science and Engineering.

➢ Distributed Engineering: Modularization allows different parts of the ontology to be 

developed, maintained & evolved independently without affecting the rest.

➢ Efficient Reasoning & Querying: breaking the ontology into coherent fragments, allows 

faster logic-based reasoning & more tractable data query.

➢ Automated Maintenance via ODK (Ontology Development Kit): Specialized modules 

handle external terms and logical rules automatically, ensuring consistency.

➢ Interoperable Building Blocks: They serve as reusable "fragments," allowing PMDco to 

easily integrate with other digital materials tools and global standards.



Top-Level

Ontology 

Mid-Level

Ontology

Domain / Application

Ontology

Domains:

Raw-Data, Processes,

Processed Data

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering

RO - Relation Ontology

IAO - Information artifact Ontology

OBI - Ontology for Biomedical Investigations 

BFO - Basic Formal Ontology

CHEBI - Chemical Entities of Biological Interest

QUDT - Quantities, Units, Dimensions, Types
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PMDco v3.0 mid-level core ontology

Platform MaterialDigital Core Ontology (PMDco)
an Ontological Framework for Materials Science & Engineering



Hands-on workshop

this fternoon 1-2 pm

Dr. Hossein Beygi Nasrabadi

Walk through how 

PMDco fits into this.. 

&

develop your 

Application Ontology

& Model Processes

PMDco – Hands-on Tutorial
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PMDco Intro.

➢ PMDco as an “anchor” mid-level Ontology, supporting Semantic Interoperability in MSE

➢ PMDco structure; modules; classes; properties etc.

PMDco Tools-scape

➢ GitHub – as a Collaboration tool; PMDco Repositories

➢ Protégé – open-source Ontology Editor

➢ ODK – Ontology Developement Kit

PMDco Potentials

➢ Reuse: PMDco-anchored Application/Domain ontologies

➢ Integration: PMDco uptake in Industry & Academia

PMDco Processes

➢ Development Process - How we work as a community

➢ Community Channels - How to engage with the community

PMDco – Tools Space
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PMDco – Tools Space

PMDco Intro.

➢ PMDco as an “anchor” mid-level Ontology, supporting Semantic Interoperability in MSE

➢ PMDco structure; modules; classes; properties etc.

PMDco Tools-scape

➢ GitHub – as a Collaboration tool; PMDco Repositories

➢ Protégé – open-source Ontology Editor

➢ ODK – Ontology Developement Kit

PMDco Potentials

➢ Reuse: PMDco-anchored Application/Domain ontologies

➢ Integration: PMDco uptake in Industry & Academia

PMDco Processes

➢ Development Process - How we work as a community

➢ Community Channels - How to engage with the community

https://github.com/materialdigital/core-ontology


PMDco – Tools Space

https://github.com/materialdigital/core-ontology
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PMDco – Tools Space

PMDco Intro.

➢ PMDco as an “anchor” mid-level Ontology, supporting Semantic Interoperability in MSE

➢ PMDco structure; modules; classes; properties etc.

PMDco Tools-scape

➢ GitHub – as a Collaboration tool; PMDco Repositories

➢ Protégé – open-source Ontology Editor

➢ ODK – Ontology Developement Kit

PMDco Potentials

➢ Reuse: PMDco-anchored Application/Domain ontologies

➢ Integration: PMDco uptake in Industry & Academia

PMDco Processes

➢ Development Process - How we work as a community

➢ Community Channels - How to engage with the community
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Protégé is a free, open-source platform developed by Stanford University. 

It provides a suite of tools to construct domain models and knowledge-

based applications using ontologies. It is widely considered the "de facto" 

standard for Semantic Web development.

Why Protégé?

➢ Standardization: Fully compliant with W3C 

standards (OWL 2, RDF, SPARQL), ensuring your 

data is interoperable across the Semantic Web.

➢ Extensibility: Features a highly pluggable 

architecture, with community-contributed plugins 

exist for visualization, matrix editing, & querying.

➢ Zero Coding Required: Provides a graphical user 

interface to build complex logical expressions without 

needing to write raw XML or Turtle syntax manually.

What Protégé Provides

➢ Editing - Hierarchical class browsers, property editors, 

and wizard-based creation of complex axioms.

➢ Reasoning - Direct interface to automated reasoners to 

find contradictions and hidden relationships.

➢ Querying - Support for DL Query (Description Logic) and 

SPARQL to extract specific data from the ontology.

➢ Interoperability - Export and import support for various 

formats including RDF/XML, Turtle, and OBO.

➢ Visualization - Graphs and trees (e.g., OntoGraf) to see 

how concepts are interconnected visually.

PMDco – Tools Space
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PMDco – Tools Space

PMDco Intro.

➢ PMDco as an “anchor” mid-level Ontology, supporting Semantic Interoperability in MSE

➢ PMDco structure; modules; classes; properties etc.

PMDco Tools-scape

➢ GitHub – as a Collaboration tool; PMDco Repositories

➢ Protégé – open-source Ontology Editor

➢ ODK – Ontology Developement Kit

PMDco Potentials

➢ Reuse: PMDco-anchored Application/Domain ontologies

➢ Integration: PMDco uptake in Industry & Academia

PMDco Processes

➢ Development Process - How we work as a community

➢ Community Channels - How to engage with the community
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ODK is an open-source lifecycle management system 

that acts as the automated "packaging and delivery" layer, 

using tools like ROBOT and Docker

to transform your manual edits in Protégé

into a standardized, error-free, publicly releasable version.

Why ODK?

➢ Reuse terms from existing ontologies without bloating or losing axioms.

➢ Keep imports up to date and OWL-profile compliant.

➢ Avoid breaking anything during edits

➢ Provide standardized user access & Support multi-developer editing.

➢ Manage releases transparently.

➢ Automate QC, reasoning, imports, releases.

What ODK Provides

➢ Open-source toolkit + ontology lifecycle management.

➢ Automates imports, releases, consistency checks, reasoning, QA.

➢ Enforces ontology best practices.

➢ Modular architecture (main, extension, edit, imports).

➢ Uses ROBOT, Docker, GitHub Actions.

➢ Built-in documentation via MkDocs.

➢ a toolbox of various ontology related tools such as ROBOT, owltools, dosdp-tools and many more, bundled as a docker image

➢ a set of executable workflows for managing your ontology's continuous integration, quality control, releases and dynamic imports.

PMDco – Tools Space
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PMDco Intro.

➢ PMDco as an “anchor” mid-level Ontology, supporting Semantic Interoperability in MSE

➢ PMDco structure; modules; classes; properties etc.

PMDco tools-space

➢ GitHub – as a Collaboration tool; PMDco Repositories

➢ Protégé – open-source Ontology Editor

➢ ODK – Ontology Developement Kit

PMDco Potentials

➢ Reuse: PMDco-anchored Application/Domain ontologies

➢ Integration: PMDco uptake in Industry & Academia

PMDco Processes

➢ Development Process - How we work as a community

➢ Community Channels - How to engage with the community

PMDco - Potentials



Top-Level

Ontology 

Mid-Level

Ontology

Domain or

Application Ontology

Domains:

Raw-Data, 

Processes,

Processed Data

RO - Relation Ontology

IAO - Information artifact Ontology

OBI - Ontology for Biomedical Investigations 

BFO - Basic Formal Ontology

CHEBI - Chemical Entities of Biological Interest

QUDT - Quantities, Units, Dimensions, Types
Tensile Test Ontology - TTO;

Heat Treatment Ontology - HTO

Vickers test Ontology - VTO;

Logistics Ontology - LOG;

NFDI Matwerk Ontology – MWO;

…

36

➢ Achieve interoperable materials and processes data

➢ Traceability of (meta-)data across the value chain

➢ Support FAIR principles for reproducibility & reliable reuse.

PMDco – Reuse & Integration
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NFDI MatWerk

Ontology (MWO)

Vickers Testing 

Ontology (VTO)

Logistic Application

Ontology (LOG)

Tensile Testing

Ontology (TTO)

Heat Treatment

Ontology (HTO)

Bio-inspired 

Meta-Materials

Ontology 

(BiMMO)

Processes Structure

Process-Structure 

Process-Property Structure-Property

Properties

PMDco – Reuse & Integration

➢ Achieve interoperable materials and processes data

➢ Traceability of (meta-)data across the value chain

➢ Support FAIR principles for reproducibility & reliable reuse.



PMDco – Reuse & Integration

➢ Achieve interoperable materials and processes data

➢ Traceability of (meta-)data across the value chain

➢ Support FAIR principles for reproducibility & reliable reuse.



➢ Achieve interoperable materials and processes data

➢ Traceability of (meta-)data across the value chain

➢ Support FAIR principles for reproducibility & reliable reuse.

➢ academic & industrial integration enabled by cross-domain interoperability

39

PMDco – Reuse & Integration

Materials

Commons

4EU

PMd-X MAPROPMD-X EDcar

Industrial

Ontologies

Foundry
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PMDco Intro.

➢ PMDco as an “anchor” mid-level Ontology, supporting Semantic Interoperability in MSE

➢ PMDco structure; modules; classes; properties etc.

PMDco tools-space

➢ GitHub – as a Collaboration tool; PMDco Repositories

➢ Protégé – open-source Ontology Editor

➢ ODK – Ontology Developement Kit

PMDco Potentials

➢ Reuse: PMDco-anchored Application/Domain ontologies

➢ Integration: PMDco uptake in Industry & Academia

PMDco Processes

➢ Development Process - How we work as a community

➢ Community Channels - How to engage with the community

PMDco – Community Processes
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PMD Hackathon 

October 2025 @ BAM

IWM Fraunhofer Institut für Werkstoffmechanik

Dr. Philipp v. Hartrott

Dr. Thomas Hanke

Kamilla Zaripova

BAM Bundesanstalt für Materialforschung und -prüfung

Dr. Markus Schilling

Dr. Bernd Bayerlein

Dr. Khashayar Razghandi

FIZ Leibniz-Institut für Informationsinfrastruktur

Dr. Jörg Waitelonis

Dr. Hossein Beygi Nasrabadi

Dr. Gunjan Singh

IWT Leibniz Institut für Werkstofforientierte Technologien

Dr. Henk Birkholz

Felix Thonagel

Divya Gosula

… with ongoing engagement & collaboration within the community

… meeting twice a week

Interactive Development of PMDco… 

PMDco – Core Team



PMDco - Development Process
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PMDco - Integration Strategy

• Consensus-building (Core Team, Playground, Hackathon)

• BFO & PMDco: Cross-domain interoperability

• Data space-specific Application Ontologies

• Standardized metadata catalog

for consistent dataset descriptions

• Workflow for knowledge graph integration

• SPARQL queries for efficient multi-scale

information retrieval & enrichment
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PMDco - Documentation



PMDco - Collaborate / Contribute / Engage …

➢ Explore the latest developments…

➢ join discussion forum … 

➢ create an issue … 

➢ report a Bug… suggest Improvements…​

➢ request Features​ … 

➢ raise specific Modeling concerns …

Check & Engage with our

PMDco GitHub Repositories

➢ connecting the proactive community 

• Knowledge transfer

• Experience exchange

• tackling Modeling challenges

• User insights

➢ all driven by community consensus.​

Join our bi-weekly online

Ontology Playgrounds

Hackathon 

Nov. 2023 @BAM 
Hackathon

Oct. 2025 @BAM

Check out our Channel

➢ ”Show & Tell' series

➢ Onboarding Tutorials

➢ Knowledge transfer

N
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x
t 
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a
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n

https://github.com/materialdigital/core-ontology/discussions
https://github.com/materialdigital/core-ontology/issues


Thank You! 

The Material Digitalization Platform - a joint project by:
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