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Material data | Value creation in the 215t century

# Materials are fundamental components of all (industrial) — _
Materials in industrial
products. value chains and data spaces

# Development of “advanced materials” aims to improve
control over material behavior.

# Key basis for innovation
(e.g., in energy transition and circular economy).

# Material properties change during the manufacture and use
of products.

# Efficient application is only possible with digital material
images/models.

- Initiative & Platform MaterialDigital (PMD)

# PMD Core Team + Partner Projects :
# Third funding period (2019 - 2028) MATERIALDIGITAL
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https://material-digital.de/

Initiative MaterialDigital | Vision

Goal @

A virtual material data space that contains all available material data
in FAIR format and can consolidate information from various sources

and sub-areas.

Approach {E}}

# Consensus on (de-facto) standards for structured data and
interfaces for a uniform approach

# Provision of software tools for easy access

# Decentralized data storage — data sovereignty is retained
(copyright protected)
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Experiments Data Pipelines
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Semantic Technologies | Ontology Layers I

-
- -
-

Top Level

# |Interplay of terminologies,

semantic concepts,
classes in ontology

concepts, and data

" Mid Level
Domain Level
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PMD Core Ontology (PMDco) 3.0
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INTERNATIONAL 150/1EC

# Semantic framework for materials science # Aligned with standardized BFO (ISO 21838) - mm

# Machine-processable, interoperable material and process data # Homogeneous (re)use of concepts

Iafoemation tulialagy  Top lowd
arealagies (TIN) —

#® Support FAIR principles and promote reproducibility #® Unified SPARQL querying b

P 12 St e ) e b0

# Facilitate traceability of (meta)data along entire value chains # Guide in Design and Curation Decisions g
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Evolution of PMDco

#  Vision of ontology # PROV-O aligned BF02020 aligned OF4s
for MSE # Low entry barrier Fundamental conceptualization

#  Creation of #  Education and Training Long-term improvement
‘semantic data’ # Demonstration Broad Semantic Interoperability

# NLP approach

Harmonization of datatypes
Data Acquisition Pipeline (DAP)
ELN Data Acquisition

Homogeneous (re)use of object properties
Unified SPARQL Querying

Guide in Design and Curation Decisions
Reasoning capabilities

Relevant for usage in industry

s 8 8
s & 8838808
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PMD Core Ontology (PMDco) | Patterns

v-- @ portion of matter v-- @ specifically dependent continuant

v Material @ quality v independent continuant
"F -0 engineered material v @ realizable entity b @ immaterial entity
Conce ptS ' "’ - © ceramic @ behavioral material property T. material entity
...... @ composite material @ - disposition @ b @ chemical entity
(Classes) ::ngggénnal material v- ff“.m;md b @ fiat object part
O Y ctal - @ covalent bond
: ~ @ hydrogen bond
i jonic bond
------ L Jmetallic bond|
l
|
.'engineered material’
. and Chas continuant part’ some
Axiom {crystal Pattern JR T
and ('bearer of some ‘metallic bond))) —
A metal is an engineered material,
Textual : &
c . that has a crystal as a (continuant) part
xpression . . ~ :
P that itself bears a metallic bond. | m"I eeoptalt | [ ety |
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https://github.com/materialdigital/core-ontology

T

PMD Core Ontology (PMDco) | Patterns, SHACL

SHACL Shape O

@prefix sh: <http://www.w3.org/ns/shacl#> .

@prefix ex: <http://example.org/> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix bfo: <http://purl.obolibrary.org/obo/> .

@prefix pmd: <https://w3id.org/pmd/co/>.

Pattern

ex:materialShape

a sh:NodeShape ;

sh:targetClass ex:engineeredMaterial ;
, ; sh:property [
m [ spas | [ exmemis sh:path bfo:hasContinuantPart ;

f | Coicirn sh:node [

sh:class ex:crystal ;
sh:property [

Textual sh:path ex:bearerOf ;
Expression sh:class ex:metallicBond ;
sh:minCount 1 ;

,A metal is an engineered material, 1;

i 1;
that has a crystal as a (cgntlnuarlt) part chiminCount 1 ;
that itself bears a metallic bond. ],
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PMD Core Ontology (PMDco) | Patterns, VMAP

Thomas Hanke
(02/24/2026 | 15:00)

VMAP as Enabler:
Expanding PMDco’s
Computational Scope

TBox

oL L | and Shaping AAS Standards
A —— —— | for Engineering Simulations
e VMAP_construction_1 [ 2CVMAP_construction_2 ‘ 'ex::onsuumon,objea_v ) exicontruction _plan_1 )
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PMD Core Ontology (PMDco) | Repository
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PMD Core Ontology (PMDco)

Welcome to the Platform Material Digital Core Ontology (PMDco), your gateway to advancing the digital transformation of Materials
Science and Engineering (MSE) As the fleld evolves, managing complex workflows, integrating diverse datasets, and achleving
semantie Interoperability are more critical than ever. PMDoo provides a standlardized framework to address these challenges,

enabling seamiless data modeling, enhanced collaboration, and reproducibility across the MSE domain

This decumentation s designed to guide you through the antology's structure, festures, and applications, making it easier to
incorporate PMDeo into vour workflows. Whether you're a researcher, developer, or industry professional, we're excited to support

your journey toward smarter, more efficient materials science practices

Ontology metadata

+ Title: Platform Material Digital core ontology
» Abbreviatione PMDeo

« Namespace; bty wild.osg)pimid/

+ Prefix: pmdco

* Language: OWL

* Repasitory: https fgsthob commaterial $igita ro-ontology
« Latest verston {V.3k prmidco
+  Widoca documentation: hitps fvoates aldipital girbudyiofoare-omtolog y/3 H.4)

« Creators: Jorg Waitelonis, Phillpp von Hartrott, Thomas Hanke, Markus Schilling, Hosseln Beygt Nasrabadl, Kamllla Zaripova, Bernd
Bayerlein, Khashayar Razghandi, Henk Birkholz Felix Thanagel, Kostiantyn Hubalev, fannis Grundmann, Simon Stier, Martin Glauer,
Fabéan Neuhaus, and Lars Vogt

« Related project: MaterialDiglra

+ Funding: German Federal Ministry of Rescarch, Technology and Space (BMFPTR) through project funding no. 13XP5094

MATERIAL

|GITAL

materialdigital.github.io/core-ontology/docs
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Application Ontologies
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Contact us!

info@material-digital.de

www.materialdigital.de

The Material Digitalization Platform - a joint project by:

%@ Bundesministerium
> || fur Forschung, Technologie

o _\‘ p .
P M'A)(l"’I.AN(FKINSyTIT’UT % FraunhOfer - ( FIZ Karlsruhe und Raumfahrt
con tedis QLbties . A cond oo £ Vartamaartntote Leibaiz-Institut fur informationsinfrastruktur
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