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Outline

DOI: 10.1038/s41563-019-0402-8

https://doi.org/10.1038/s41563-019-0402-8
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Optical Spectroscopy

800 µm

Scanning Electron Microscopy

160 µm

White Light Interferometry

8 µm

Atomic Force Microscopy

26.00, 42.00,  321.28, 339.28, 367.31, 507.45, 535.47, 536.47 µm

ToF – Secondary Ion Mass

Contact: R. Thelen (KIT)

https://simslab.rice.edu

Correlative characterization: butterfly wings
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Contact: A. Boubnov (KIT)

fz-juelich.de

zeiss.de

zeiss.de

zeiss.de

M. Mail, J.-D. Grunwaldt

Transmission Electron Microscopy

Scanning Electron Microscopy
Focused Ion Beam

Atomic Force Microscopy

X-ray microtomography

Correlative characterization: catalyst material
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Instruments and techniques
Coordinate systems
Measurement conditions

Times
Length scales
Regions of the sample

Data formats
Software
Storage systems
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Correlative characterization challenges
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Metadata Management
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FAIR Principles

Find existing results

Access available (meta)data

Interoperate data for 
exchange and comparison

Reuse and reproduce data
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The projects

Nanoscience Foundries and Fine 
Analysis – Europe Pilot (NEP)

https://nffa.eu

Access to nanoscience research infrastructure
Integrate synthesis, growth and manipulation of 
nanostructures with fine analysis, theory and simulation
22 international partners, 180 techniques

https://nffa.eu/
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The projects

Helmholtz Joint-Lab “Model and Data 
driven Materials Characterization” 

(JL-MDMC) 
https://jl-mdmc-helmholtz.de

Central methodology platform
Multiscale and multidimensional characterization, 
analytics and simulation methods
3 Helmholtz Centers (KIT, FZ-Jülich, HZ-Hereon)

https://jl-mdmc-helmholtz.de/
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The projects

National Research Data Infrastructure for 
Materials Science and Engineering 

(NFDI-MatWerk)
https://nfdi-matwerk.de

Infrastructure for the digital representation of 
materials and their relevant processes
Involvement of researchers in the development
21 Participant Projects, 17 Infrastructure Use Cases

https://nfdi-matwerk.de/
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Motivation

Different communities
Similar workflows
Data reproducibility and reuse
(Meta)data exchange
Common descriptions and terminologies
Interoperable solutions
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Metadata Working Group

(Meta)data 
management 

practices

Tools and 
infrastructure 

solutions

Common, 
interoperable 

results

Guided by 
community 

requirements

Collaborative environment
Consensus-building
Decision-making
Voluntary participations
Grown over time

https://jl-mdmc-helmholtz.de/mdmc-activities/metadata-working-group/

https://jl-mdmc-helmholtz.de/mdmc-activities/metadata-working-group/
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Timeline

2021 2022 2023 2024

Metadata WG
Joint 

results

Thematic 
subgroups

NEP and 
JL-MDMC NFDI-MatWerk

First results



SCC – DEM Data Exploitation Methods 

Starting point
Simple, idealized case
High-level: processes in common
14 techniques

14

Experimental workflow

measurement

data processing data analysis

sample preparation

analysed data

raw data

final
specimen

sample

instrument

software

instrument

software

Define scope and purpose: ensure relevance to specific research goals
Identify target audience: enhance effectiveness and usability within the 
scientific community
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Shared tables: collaborative work and comments
Website: promote access and visibility 
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Definition of terms
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Identify existing terminology: relevant to the research field
Adoption: ensure alignment with the relevant terms  

16

Literature review and adoption
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MDMC-NEP Glossary

45 high-level terms
Describes computational/experimental workflows
Reflects the lifecycle of entities and data
Framed in the management infrastructure of the involved projects
Tracks basic provenance information
Living document
DOI: 10.5281/zenodo.10663833

https://doi.org/10.5281/zenodo.10663833
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MDMC-NEP Glossary: overview

agents
entities
processes

MDMC-NEP Glossary of Terms. DOI: 10.5281/zenodo.10663833

https://doi.org/10.5281/zenodo.10663833
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MDMC-NEP Glossary: overview

Research User
Person, usually member of a Project, who conducts any part of the Study, in order to 
collect and/or analyse Research Data or is interested in reusing Research Data by a 
third party (e.g., Reference Data) with the final aim to extract insights that support the 
answer to some specific research question (i.e., Conclusions). Research Users may 
be assigned with a role (data curator, instrument scientist, team leader, team member).

MDMC-NEP Glossary of Terms. DOI: 10.5281/zenodo.10663833

https://doi.org/10.5281/zenodo.10663833
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Updated workflows

Experimental Workflow Computational Workflow

agents
entities
processes
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JSON schema
Describe inputs/outputs of processes
Adopt existing solutions
Avoid proliferation of schemas

21

Metadata Schemas

https://xkcd.com/927/

https://xkcd.com/927/
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Metadata Schemas

Minimal
Sample description

SEM
TEM
MRI
STM

SEM/FIB Tomography
Nano CT/micro CT

Ongoing collaboration 
with CNR-IOM and FBK

Adopted from the Materials 
Data Vocabulary
DOI: 10.5334/dsj-2021-018

http://doi.org/10.5334/dsj-2021-018
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Metadata Schema for SEM

https://github.com/kit-data-manager/Metadata-Schemas-for-Materials-Science

DOI: 10.5445/IR/1000141604

Other Metadata Schemas available at:

https://github.com/kit-data-manager/Metadata-Schemas-for-Materials-Science
https://en.misis.ru/university/colleges/sound/thermochemistry/dacomsin/
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Metadata Schema for Sample Description

https://kit-data-manager.github.io/Metadata-Schemas-for-Materials-Science/sample_interface/

Images: courtesy of M. Mail, R. Thelen

https://kit-data-manager.github.io/Metadata-Schemas-for-Materials-Science/sample_interface/
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Metadata Schema: outline of the 
overall structure of the metadata 
(elements, value types, rules, …)
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Metadata Schemas and Documents

MRI schema, DOI: 10.5445/IR/1000159552

Metadata Document: 
structured information 
about a data resource

https://doi.org/10.5445/IR/1000159552
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Metadata Schema

26

From data to metadata

Metadata Document

Image from Magnetic Resonance Imaging Copper Sulfate Dataset. DOI: 10.5281/zenodo.6107720

Raw Data

https://doi.org/10.5281/zenodo.6107720
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Mapping service

NEP Virtual Access service, MatWerk
Input: data file(s)
Extract unstructured metadata 
Map them to the metadata schema
Output: structured metadata

https://metarepo.nffa.eu/frontend/mapping-service-ui.html
https://matwerk.datamanager.kit.edu/mapping-service-ui.html

https://metarepo.nffa.eu/frontend/mapping-service-ui.html
https://matwerk.datamanager.kit.edu/mapping-service-ui.html
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Metadata Editor

Local service connected to the 
metadata repository
Load schema from registered ones
Load existing metadata documents
Manually edit metadata documents
Download metadata documents
Register metadata documents
Create the provenance file

https://metadata-editor.gitlab.io/documentation/

https://metadata-editor.gitlab.io/documentation/
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MetaStore

Metadata repository
Register/find metadata schemas
Register/find metadata documents
Validate metadata documents
Versioning
Access control management
User authentication

https://matwerk.datamanager.kit.edu/schema-management.html
https://metarepo.nffa.eu/frontend/schema-management.html

https://matwerk.datamanager.kit.edu/schema-management.html
https://metarepo.nffa.eu/frontend/schema-management.html
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Link metadata to data
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Link metadata to data
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Application to Correlative Characterization

Sample Preparation

X-ray diffractionPaper

SEM Metadata Document Sample Metadata Document

AFM      SEM    

Zenodo

https://doi.org/10.1103/PhysRevB.108.134109
https://metarepo.nffa.eu/api/v1/metadata/98a79b77-f55a-47a3-85bf-209df39cbb0e?version=1
https://metarepo.nffa.eu/api/v1/metadata/35e67134-302a-451a-ace3-ad4a7ec25517?version=1
https://doi.org/10.5281/zenodo.10850111
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Next steps 

… and go on with 
the development

Reproducibility

Describe data 
with rich 
metadata

Document 
workflow 

(provenance)

Interoperability

Existing 
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Common 
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vocabularies

Harmonize as 
much as 
possible

Infrastructure

Store content 
and services
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machine 
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Easy 
interaction 

(GUIs, ELNs)
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Next steps: include other techniques

Courtesy of R. Thelen

Atomic Force Microscopy White Light Interferometry

Optical Spectroscopy X-ray diffraction
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Incorporate new terms: dynamic resource
Enhance accessibility and interoperability: vocabulary service

35

Next steps: maintenance and updates

EVOKS: Collaborative online vocabulary editor
Developed at KIT
SKOS model
Persistent identifier to each term
Centrally maintained
Seamless integration of terms
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Next steps: ELN and LIMS

Electronic Lab Notebooks
Lab Information Management Systems
Metadata schemas as templates
Ongoing collaborations: 

KIT
HZ-Hereon
CNR-IOM
FBK

ELN
LIMS
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Next steps: from glossary to ontology

Formalize relationships: add context to the knowledge representation
Logical constructs (classes, properties, axioms): structured and 
machine-readable

02.04.2437

PRIMA (PRovenance Information for MAterials science) Ontology

https://jl-mdmc-helmholtz.de/ontology/

https://jl-mdmc-helmholtz.de/ontology/
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Conclusions

Tools, services and best practices to facilitate (meta)data management
Guided by community requirements
Driven by communication with scientists for collecting information
Applied in daily research life
Useful for correlative characterization experiments
Open to exchange with other materials science facilities and projects

38
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