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# understand and reuse data across different contexts and applications - shared vocabulary and meaning for concepts
# standardized formats allowing seamless data exchange

® Facilitating integration of heterogeneous data sources without requiring rigid schemas

T-Box (Terminological Box) A A-Box (Assertional Box)

#® Knowledge about the coﬁcepts of the domain or field regarded #® Knowledge about specific instances of a domain

#® Defines which classes of objects exist and their properties ® Facts about individuals and relationships

#® Does not change frequently ® Represents the state of the modeled world - data
"

Subject to frequent or constant changes

subclassOf
Mammal < Elephant
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A

Domain / Application

PROV-O: The PROV Ontology | ChEBI: Chemical Entities of Biological Interest
BFO: Basic Formal Ontology | QUDT: Quantities, Units, Dimensions, and Types Ontology
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ARTICLE INFO ABSTRACT

Duataset link httpe Enowledge representation in the Materials Science and Engineering (MSE) domain is a vast and multi-faceted
github.com/materiakligital fcore onta ogy challenge: Overlap, ambiguity, and inconsistency in terminology are common. Invariant {consistent) and variant
(context-specific) knowledge are difficult to align cross-domain. Generic top-level semantic teminology often is

Product
Development @

:ﬁ:::: too abstract, while MSE domain terminology often is too specific. In this paper, an approach how to maintain

Wiaterials science and enginesring a comprehensve MSE-centric terminology composing a mid-level ontology-the Platform MaterialDigital Core

Knowldge mpresentation Ontology (PMDeo)-via MSE community-based cumation | du is | d. The illustrated findings show

Reproducbility how the PMDeo bridges semantic gaps between high-level, MSEspecific, and other science domain semantics. . PMnCO
Semamtic interoperability Additionally, it demonstrates how the PMDeo lowers development and integration thresholds. Moreover, the Product Manufacturing

Semantic dat integration research highlights how to fuel it with meal-world data sources ranging from manually conducted experiments

and amulations with continuousy automated industrial applications.

pmd:characteristic

#® Make materials and processes data interoperable pmd:characteristic
pmd:characteristic
® Support FAIR principles and foster reproducibility pmd:inpyt/output
® Facilitate traceability of (meta)data throughout value chains pmd:component prdicomposes

pmd-executes pmd:input/output

® Bridge semantic gaps in MSE and establish a shared vocabulary

pmd:nextProcess
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® Consistency & Reusability: standardized structures creating uniformity — integrate, extend, and reuse
# Enhanced Querying & Reasoning: improve automated reasoning, data linking, and querying efficiency

rdfs:sub|C lassOf

iaozinformation content
entity

rdfs:subClassOf rdfs:subClassOf

rdfs:subClassOf

------------------- rdfitype s ex:sample_3 { md:Manufacturin Process] T
— " [ i J S " = iao:information content entity ssclosor
A .

i iao:measurement unit label
rdfitype : rdfs:subClassOf
obi:has_specified_output A
rdf:type rdfitype i :
k ‘ rdfitype
obi:scalar value specification i

rdf:type

unit label

[ ex:sample_2 j(—\ A -
obi:has_specified_input H iao:has measurement ex:unit_x

( —)[ ex:scalar_value_specification_X } obichas specified
[ ex:sample_1 obi:has_specified_input L ex:proc_1 } numeric value —_— float 135.0
s inpu utpu ; : e ) _
Pattern 1: input and output of processes i Pattern 2: scalar value specification with value and measurement unit
[=F

[ (multi)colored: T-Box concepts / classes | grey: A-Box instances ]
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PMDco Modules
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i i ex:test piece 2 obi:has_specified_input
thln:r:::.aw = e I = - - obi:has_specified_output
Subprocesses xc. C _
ex:test_piece_1 F—obi:has,sriedﬂed,output ex:process_1

-

rame 951

ProcEss
Time interval

Frame 120

Frocess
Roles oF Persons,

Organisations

Guide with essential ontology design patterns

# GitHub repository: Hosts patterns and functional semantic shapes

Process
Roles of Material Entity

Frame 943 Frar

# SPARQL queries: Shape-specific queries provided
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prmd: PMD Modules Material Characterization, Dat
Transformation, Qualities, Materials

bfo: Basic Formal Ontology

obi: Ontology for Biomedical Investigations.

ro: Relational Ontology

chmeo: Chemical Methods Ontology

iao: Information Artifact Ontology

subClarssOf * s

rillssubClassOf

rofssubClassOf

O

ED Files
Preview | Coge  mame

obi:scalar value specification iao:measurment unit label :
H P develop-300 - o
A A

rdttype

ex:scalar_value_spec._X

: |
| I SN |
Lisi-has vkl specificatioh,

;s specified numenc vajue

{ ex:my_objects_residual_stress
A
A
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float 135.0
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abichas value specification

@
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rdfs:subClassOf

[rRrRrBrl |

rdfs:subClassOf

rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf

input: data item
output: data item

input: material entity
output: data item

input: material entity
output: material entity

PMDco: Material Characterization PMDco: Data Transformation

. Markus Schilling
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Pattern 2: scalar value specification with value and unit

Purpose

Nescription on how to reprasent scalar physical quanities with value and unit

Description

a resource with associated value (ska magnitucie) and a uri. Units will typically be
. You should consider modelling the

quantitites will be re

ccurcas from extermal ontalagies
respurce a5 a BNade.

Visualization

The fall mage shaws an instance of a

lao:measurement unit label

x
obicscalar value specification
A "
exunitx
e
| euscalar salue_specilication x|,
: - : m foat 135.0

Shapes and example data
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B. Bayerlein, PMD General Assembly @ BAM, 09/18/2024, Berlin, Germany
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Natural Language Processing-Driven Microscopy Ontol-
ogy Development’

Bernd Bayerlein', Markus Schilling”, Maurice Curran”, Carelyn E. Campbell®, Alden A.
Dima¢, Henk Birkhelz!, and June W. Lau®

This manuscript describes the accelerated development of an ontology for microscopy in materials
science and engineering, leveraging natural language processing (NLP) techniques. Drawing from
a comprehensive corpus comprising ower 14k contributions te the Microscopy and Microanalysis
conference series, we employed two neural network-based algorithms for NLP. The goal was to
semi-automatically create the Microscopy Ontology (MO) that encapsulates and interconnects the
terminclogy most frequently used by the community. The MO, characterized by its interlinked
entities and relationships, is designed to enhance the quality of user query results within NexusLIMS.
This enhancement is facilitated through the concurrent querying of related terms and the seamless
integration of logical connections.

® NLP-approach based on huge text corpus of
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Werksiofforiontiere T % Blstros Morosecpy
Technologien * = @ Scanning Electron Microscopy
& Atmospheric Scanning Electron Microscopy
@ Electron Channeling Contrast Imaging
@ Environmental Scanning Electron Microscopy
© Field Emission Scanning Electron Microscopy
® Ori tion Imaging Micr: Py
Scanning Probe Microscopy
@ Scanning Tunneling Microscopy
* - @ TransmissionElectronMicroscopy
rdfs:subClassOf © Bright Field Transmission Electron Microscopy
@ Dynamic Transmission Electron Microscopy

-
@

Microscopy & Microanalysis Conference Proceedings v - @ Electron Tomography

® Extracted key terms used by community

categorized according to PMDco structure

# Results in Microscopy Ontology

with ~150 new classes and ~60 abbreviations
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® Cryo Electron Tomography
rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf ® Environmental Transmission Electron Microscopy
® High Resolution Ti 1 Electron Microscopy
[rno:lonMicroscope] [mo:OpticalMicroscope] * - @ Scanning Transmission Electron Microscopy
# 4D Scanning Transmission Electron Microscopy
- - @ Annular Bright Field Scanning Transmission Electron Microscopy
L3 T~ - @ Annular Dark Field Scanning Transmission Electron Microscopy
S-— @ Scanning Transmission Electron Microscopy Electron Energy Loss Spectroscopy
\ [rno:TransmissionElectrnnMicroscopeJ ¥ - # lon Microscopy
\ @ Field lon Microscopy
# Focused lon Beam Scanning Electron Microscopy
@ Helium lon Microscopy
v - & Optical Microscopy
v @ Light Microscopy

® Confocal Laser S ing Microscopy
—_— ® Fluorescence Microscopy
. Markus SChl”lng @ Polarized Light Microscopy

rdfs:subClassOf
1

[mo:EIectronMicroprobe] \\

[mo:s:anningEIe:troancroscope]
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Seamless Science: Lifting Experimental Mechanical Testing
Lab Data to an Interoperable Semantic Representation

Markus Schilling,* Sebastian Bruns, Bernd Bayerlein, Jehona Kryeziu,
Jorg Schaarschmidt, J6rg Waitelonis, Pedro Dolabella Portella, and Karsten Durst

The scientific landscape is undergoing rapid transformations with the advent of
the digital age which revolutionizes research methodologies. In materials science
and engineering, an adoption of modern data management techniques is
desirable to maximize the efficiency and accessibility of research efforts.
Traditional practices in ing lak ries are usually inadequate for effident
data acquisition and utilization as they lead to local storage and difficulty in
publication and correlation with other results. Electronic laboratory notebooks
(ELNs) are promising prospects in this respect. Semantic pts and ontol-
ogies enhance interoperability by standardizing experimental data representa-
tion. An indaboratory pipeline seamlessly integrating an ELN with transformation
scripts to convert experimental into interoperable data in a machine-actionable
format is created in this study as a proof of concept. Tensile test results and the
corresponding tensile test ontology are used exemplary. Linking ELN data

to semantic concepts enriches the stored information while improving
interpretability and reusability. Involving undergraduate students builds a bridge
between theory and practice during their training and promotes their digital skills.
This study underscores the potential of ELNs and knowledge representations as
benefidal means toward improved data management practices that enhance
collaborative research and education while ensuring com patibility with evolving
standards and technologies.

@ eLabFTW

1. Introduction

The advent of the digital age has precipi-
tated an unprecedented wave of innovation
which led to transformative changes in
scientific research across various disci-
plines and industries™¥ The prospect of
developments of cuttingedge technologies
enabled by data-driven methodologies and
advanced computational tools resulted in 2
paradigm shift in the way dats, informs.
tion, and knowledge are created, under-
stood, and analyzed ! This paradigm
shift is highly pronounced in the field of
materials science and engineering (MSE)
in which the integration of digital technol-
ogies is about to revolutionize the research
landscape. In this new era, characterized by
the fusion of material sciences with compu-
tional prowess, the multifaceted implica-
tions of digitalization on the development
and undersianding of materisls have to
be explored and used. The convergence
of computational tools, machine learning
algorithms, and high-performance comput-
ing unlocks novel avenues for investigat
ing materials, Tradiional experimental

approaches are however stll invaluable but complemented
and extended by viriual experimentation and simulations. This
integration not only expedites the design and discovery of mate-

risle with tzilored properties but zlso provides an intricate

TECHNISCHE
=57/~ UNIVERSITAT
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Used by students during internship at TU Darmstadt
Data acquisition pipeline supported by ontological framework

Script-based automatic RDF transformation
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Growing graph over years with varying parameters
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scientific data

Ontology and RDF Data Management
g rdflib
RDF handling

) Chock for upoates == - < owlready2 ‘
OPEN o . N aligned — | ontology processing
- Semantici nteg ration of diverse application ontology
: uses ~f—— ! SPARQLWrapper
: . . . ) . aligned PGO 5 i
anawvsis | data in materials science: Assessing gredF : (. \__query execution
: . application ontology
- Orowan strengthening
t ¢ Data Analysis and Visualization
. Bernd Bayerlein(%" ™, Markus Schilling’, Philipp von Hartrott’ & J6rg Waitelonis® i -
i : pandas
This study applies Semantic Web technologies to advance Materials Science and Engineering (MSE) : ,
through the integration of diverse datasets. Focusing on a 2000 series age-hardenable aluminum i data SU'UCthmg
alloy, we correlate mechanical and microstructural properties derived from tensile tests and dark- ~
* field transmission electron microscopy across varied aging times. An expandable knowledge graph, h Tensile Test Data H Sci Py
: constructed using the Tensile Test and Precipitate Geometry Ontologies aligned with the PMD shares . ) : . . B
Core Ontology, facilitates this integration. This approach adheres to FAIR principles and enables Lmechamcm‘ properties : scientific routines
. sophisticated analysis via SPARQL queries, revealing correlations consistent with the Orowan uses -f—— A USES<
: mechanism. The study highlights the potential of semantic data integration in MSE, offering a new shares (DF_TEM Image Data NumP
. approach for data-centric research and enhanced analytical capabilities. ) H . y 3
L structural properties : numeric processing |
matplotlib
\ data visualization
TTO = Tensile Test Ontology
i PGO = Precipitate Geometry Ontology i Data Analysis Feedback

O: . —
o-(

Room temperature and elevated temperature tensile test
and elastic propertles data of Al-alloy EN AW-2618A after

O r{ ~+ femperatures g :

H ' Radii of S-phase Al2CuMg in Al-alloy EN AW-2618A after
*.. different aging times at 190°C

e ‘ ) Jupyrer a SPARQL |..| pandas Cv ﬁ’::NumPy

13
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Graph g Graphh
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w RDF = Resource Description Framework i generates new instances
'“O DF-TEM = Dark-Field Transmission Electron Microscopy i
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PMD Core Ontology rdflib I 0.8 1
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aligned —| T ‘ ontology processing Tg . o T61+250h@ 190 °C, S1
application ontology H ] T61 + 1 kh @ 190 °C, S1
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i  Data Ana ysis and Visualization
_ 1 pandas

data structuring
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shares .| Tensile Test Data Y SciPy 0 0 l[c;iztanclic/)\ = 5210 =30 200
mechanical properties [ Data Instantiation J : . p scientific routines
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Graphs Serialization | : \_ data visualization il Dl
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[TO = Tensile Test Ontology :
PGO = Precipitate Geometry Ontology ‘ Data Analysis Feedback ] &
RDF = Resource Description Framework Triple Store generates new instances - &0 po
DF-TEM = Dark-Field Transmission Electron Microscopy ﬂeed andqueryfordara} g s |
. . . . T61 + 25 kh @J90 °C &
#® Semantic data integration from diverse data sources 150 1
#® Demonstrate knowledge graph operations 100 1
. . .- 50 -
# Proof of concept for semantic interoperability

0 T T T T T T T
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1/Amean [1/nm]

# Prototypical representation of MSE knowledge in RDF/OWL

Advancing Digital Workflows in Materials Science Markus Schilling

MATERIALDIGITAL

&



https://material-digital.de/
https://orcid.org/0000-0002-7094-5371

“#°  Contact and join us!

PMD Project Team
MATERIALDIGITAL
—_—
; BAM ~ Fraunhofer | -
IWM info@material-digital.de
(FIZ Karlsruhe .
IWT Leibniz-Institut fiir Informationsinfrastruktur E o ;-,En
‘ PMD Core Ontology (PMDco) l@%
Leibniz-Institut far ,,';
Werkstofforientierte } MAX-PLANCK-INSTITUT \Q\4&Y E
FUR NACHHALTIGE MATERIALIEN GMBH T

Technologien

~ Fraunhofer ﬂ(IT

AISEC Karlsruher Institut fir Technologie

Advancing Digital Workflows in Materials Science ,1';]';;;1';'|G1m . Markus Schilling


https://www.iwm.fraunhofer.de/en.html
https://www.bam.de/Navigation/EN/Home/home.html
https://www.kit.edu/english/index.php
https://www.iwt-bremen.de/en/home
https://material-digital.de/
https://www.aisec.fraunhofer.de/en.html
https://www.fiz-karlsruhe.de/en
https://forum.materialdigital.de/
https://www.youtube.com/channel/UCAwf5QXQ6Oa4NPaL3bXFvAA
https://www.linkedin.com/company/plattform-materialdigital
https://github.com/materialdigital
https://github.com/materialdigital/core-ontology
https://material-digital.de/
https://material-digital.de/
https://orcid.org/0000-0002-7094-5371

	Folie 1: The Role of PMDco in Data  Integration and Semantic Representation
	Folie 2: Plattform MaterialDigital (PMD)
	Folie 3: Semantic Technologies, Ontologies | T-Box, A-Box | Description Logics (DL)
	Folie 4: Semantic Technologies, Ontologies | PMDco
	Folie 5: Semantic Technologies, Ontologies | PMDco
	Folie 6: Establish a Semantic Framework for MSE with PMD Core Ontology (PMDco)
	Folie 7: Systematic and Uniform (Re)Usage via Semantic Graph Patterns
	Folie 8: Systematic and Uniform (Re)Usage via Semantic Graph Patterns
	Folie 9: Systematic and Uniform (Re)Usage via Semantic Graph Patterns
	Folie 10: Community Effort | PMD Ontology Playground
	Folie 11: NLP-Driven Microscopy Ontology Development
	Folie 12: ELN Data Acquisition Demonstrator
	Folie 13: Harmonized Diverse Datasets: Orowan Demonstrator
	Folie 14: Harmonized Diverse Datasets: Orowan Demonstrator
	Folie 15: Contact

