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Abstract

Although considerable progress has been made in making research data FAIR, achiev-
ing interoperability remains a challenge for research communities and individual re-
searchers. Beyond the development of ontologies and terminologies, two further as-
pects must be addressed to achieve broadly connected knowledge graphs: 1) the
specificity of research projects and their metadata requirements, 2) the integration of
RDF-based metadata into everyday research workflows and tools. The AIMS project
develops open-source tools for the creation of tailored metadata profiles and their
integration into research workflows. Using Atomic Force Microscopy (AFM) as a sci-
entific use case, we demonstrate how existing ontologies can be combined to create
reusable metadata profiles. These profiles are then used to automatically generate
metadata forms and search interfaces for knowledge graphs, while integration with
eLabFTW enables metadata capture within existing laboratory workflows.

1 Introduction

The interoperability requirements stated by the FAIR data principles (Wilkinson et al.,
2016) pose a huge challenge for many researchers. Although many ontologies and ter-
minologies are available or being developed for different disciplines and use cases,
e.g. Metadata4ing for the engineering sciences (Lanza et al., 2025), interoperable
knowledge representation is rarely achieved or even tackled in many research projects.
While knowledge graphs are often associated with a promise of broadly connected,
interdisciplinary data lakes that may facilitate future research, in everyday research,
those promises barely motivate researchers to dive deeper into knowledge represen-
tation and the generation of RDF-based metadata.

To develop interconnected research knowledge graphs, we need suitable ontologies,
but this is only one part of the equation. Two additional aspects need to be tackled:
First, although many ontologies are available, research is often highly specific and
there is a lack of tailored metadata solutions. Second, the effort required to gener-
ate valid RDF-based metadata needs to be reduced, and their generation needs to be
integrated into everyday workflows and tools. Researchers should be able to gener-
ate RDF-based metadata without having to acquire expertise in ontology modelling or
taking additional steps.

The DFG-funded project Applying Interoperable Metadata Standards (AIMS)', now in its
second funding phase, addresses these challenges in multiple ways. In cooperation
with scientific use cases, we develop solutions to foster the use of RDF in research. In
this paper, we contribute threefold by (1) presenting the AIMS project including the Pro-
file Editor, its modelling platform for researchers and data stewards, (2) demonstrating

Thttps://www.aims-projekt.de
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its usability by employing a use case from the physics domain and (3) illustrating the
integration of these tools into the knowledge graph landscape.

2 Use case: Atomic Force Microscopy (AFM) and its
challenges

A subclass of the broader area of scanning probe microscopy (SPM) is the so-called
atomic force microscopy (AFM) (Binnig et al., 1986; Voigtlander, 2019). In brief, these
are microscopy techniques where a microcantilever with an integrated sharp tip is
mechanically excited into oscillation. The tip is raster-scanned across a sample line-
by-line to generate a 2D image of the sample surface, yielding true 3D topography in-
formation with nanometre resolution. Achieved spatial resolutions far surpass those
of ordinary optical microscopy. Figure 1 shows an example AFM device including the
corresponding workstation.

Figure 1: a) Photograph of an AFM device. The inset shows an example scan of DNA
origami nanostructures on silicon. b) Typical AFM samples mounted on mag-
netic sample plates: highly oriented pyrolytic graphite (HOPG, i), silicon wafer
(i), and sapphire wafer (iii). Two cantilever chips are also visible (iv). A Euro-
cent coin is shown for scale.

Regarding metadata, AFM poses a few specific challenges: First, besides the rela-
tively large number of parameters required for setting up the measurement of each
AFM image (typically around 50), some of these parameters (such as scan rate) are
frequently changed during a running measurement, requiring proper handling of such
“volatile” metadata. Furthermore, a considerable fraction of these parameters, par-
ticularly those related to cantilever properties, requires a distinction between nominal
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values (e. g., typical or boundary values provided by the manufacturer) and experimen-
tally determined values obtained via calibration measurements. Such a parameter is
the spring constant of the cantilever, which is usually only “calibrated” for quantita-
tive force spectroscopy, while rough nominal values are used in case of topography
acquisition. Metadata should therefore reflect these different levels of knowledge as-
sociated with the same parameter or property. Finally, AFM is a versatile method with
dozens of operating modes available (each having again the option to measure multi-
ple subsets of parameters) on the very same instrument. While each mode introduces
its own specific set of information channels and parameters, many basic parameters
are shared between operating modes. In addition, there are further, less AFM-specific
challenges, such as occasional modifications made to the device, parameters with
limited manufacturer documentation, or parameters that are automatically adjusted
depending on the state of other parameters. The device's user interface may also
not provide full access to all relevant parameters, and some parameters may not be
included in the data export.

3 The AIMS Project

A central component of AIMS is the Profile Editor, which enables researchers and data
stewards to create ontology-based interoperable metadata profiles. These profiles de-
fine a set of metadata properties and are SHACL-based? and RDF-compliant, allowing
validation of inputs and supporting knowledge-graph-ready metadata, while the editor
allows users to create such profiles without the need to acquire expertise in SHACL or
RDF. By utilising a sophisticated modelling approach based on inheritance and mod-
ularity, these profiles can be highly specific and tailored for a methodology or project,
but nevertheless remain interoperable and reusable by other scientists. Profiles can
be shared and reviewed by communities and may thus evolve into quasi-standards for
experimental setups or methods.

All tools developed by AIMS are open source®, offering the opportunity for generic
research data management services and discipline-specific communities to provide
their own metadata profile service, e. g. as provided by Coscine* and NFDI4ING.® Since
AIMS profiles are based on SHACL, they define metadata properties as well as ac-
cepted values or value types. This allows compatible tools to auto-generate web
forms for metadata entry, including validation, as well as knowledge-graph-specific
searchinterfaces that enable researchers to explore knowledge graphs without SPARQL
expertise, making use of the full richness of information included in the knowledge
graph. In Coscine, the Profile Editor has already become an essential part of researchers’

2SHACL (Shapes Constraint Language) is a standard for validating RDF-based data. World Wide Web
Consortium (2017)

3The source code is available at https://gitlab.git.nrw/aims

“https://about.coscine.de

Shttps://profiles.nfdi4ding.de
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daily work on research projects. To date, researchers have created over 290 metadata
profiles using the Profile Editor, which are used in over 4,700 projects to describe ap-
proximately 3.7 PB of research data. Currently, AIMS is also working on integrating
the profiles into electronic lab notebooks, such as eLabFTW.®

4 Modelling the AFM use case

To address the challenges of the AFM use case, the Metadata4ing ontology was cho-
sen as a base ontology for the modelling (Lanza et al., 2025). The main motivation is
that Metadata4ing fits the structure of AFM experiments very well, as it is designed to
model not only complex experimental processes and their associated parameters, but
also the broader research context, including samples, devices, software, researchers,
and related publications in the engineering sciences. Furthermore, itis based on state-
of-the-art ontologies such as DCTERMS, SCHEMA, BFO, PROV, QUDT, and FOAF and
therefore has a high level of interoperability. Metadata4ing provides many classes
that can be employed for the AFM use case including the Parameter Set which can
be associated with either the device, encoding the manufacturer parameters, or the
measurement itself, encoding measured or configured parameters. This can even be
associated multiple times to cover the need of changing parameters during a running
measurement. An additional example includes the Processing Step that allows, de-
pending on the needed granularity, to model an AFM measurement as a single activity
(see Figure 2 a)) or as individual steps, e.g. separated into preparation and several
measuring steps.

As AFM is a method collection of multiple specific modes and devices, the hierarchi-
cal and modular structure of the AIMS profiles is an extremely powerful mechanism
for efficient modelling. Parameters that are shared across different devices or modes
are jointly configured in common profiles. Specific parameters for particular devices
can inherit from these common profiles and only add or change the particular exten-
sions. The specific device modelled in this work is the NX20 by Park Systems. Figure 1
shows the AFM and typical samples and cantilever chips. As shown in Figure 2 b), the
inherited device-specific parameter set adds an additional parameter to the common
parameter set for the AFM in dynamic mode (a). While this device serves as an exam-
ple in our use case, similar profile extensions can be created for other manufacturer’s
devices with minor modifications.

The resulting metadata profile for the specific experiment enables the automatic gen-
eration of input forms with fields for entering and evaluating experimental parameters
such as x-, y-, and z-scan sizes and ranges, cantilever parameters, and device settings.
To use the profiles in practice, they must be integrated into another tool. In our use
case, AIMS will be integrated with eLabFTW. While structured metadata can already be

bhttps://www.elabftw.net
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Figure 2: Representation of exemplary AIMS Profiles for the AFM use case illustrating:
a) the device's topography scan in dynamic mode. This device-specific AFM
measurement mode is encoded as a Metadata4ing Processing Step (inheri-
tance denoted by solid connections). It uses a device-specific configuration
profile (use denoted by dashed connections); b) Park Systems parameter
set which inherits all properties of the generic AFM Scan Parameter Set and
adds an additional property z-scan range. This parameter set is connected
to the measuring activity using the configuration profile as illustrated.

captured in eLabFTW, the integration aims at auto-generating similar forms based on
the AIMS profiles. The entered values can be validated against the constraints defined
in the profile, e. g. to identify missing values, and exported as RDF data describing the
experiment.

5 Integrating AIMS Profiles into Research Tools and
Infrastructure

AIMS metadata profiles allow efficient recording and validating of metadata. To sup-
port the creation of RDF-based metadata, they must be integrated into everyday work-
flows and tools. While the eLabFTW integration is currently being developed, a generic
web component already exists that allows to auto-generate web forms for entering or
visualising profile-compliant metadata: the SHACL Form Generator.” This component
can be easily integrated into other tools, enabling researchers to easily enter meta-

’https://github.com/ULB-Darmstadt/shacl-form
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data and generate RDF output. Ing.est®, for example, makes use of this component.
It is a platform for publishing research data in architecture and civil engineering, with
a focus on 2D and 3D image data. Users can select suitable AIMS metadata profiles
during the upload process to describe newly submitted datasets.

The research data management platform Coscine uses metadata profiles created in
the AIMS Profile Editor to semantically annotate files within storage resources that can
be managed through a web interface or a set of REST APIs (Lang et al., 2024). Files
and annotations can be shared with other users or made publicly available. From all
annotations (public and user-specific) and together with the structural information of
relationships between projects and resources, Coscine forms an overarching knowl-
edge graph. While the structural information follows DCAT, the file-based metadata
is validated using the metadata profiles. As the knowledge graph allows all kinds of
discipline-specific ontologies to be used for metadata, this poses a challenge when
querying the knowledge graph as the structure is widely unpredictable by the user.
The additional information that certain parts of the knowledge graph conform to spe-
cific metadata profiles allows users to formulate SPARQL (World Wide Web Consor-
tium, 2013) queries for data discovery and makes the results more predictable for the
users.

While these tools support the creation and validation of RDF-based metadata, the pro-
vision of knowledge graphs is an essential step that must be considered as well. For
example, many NFDI consortia already provide, or are working on, community-specific
knowledge graphs (e. g. NFDI4Culture, n.d.; NFDI40bjects, n.d.). Still, in most cases
SPARQL is the only way to explore these graphs in more detail. While LLM-based
solutions can be applied to create useful queries (Giuliani et al., 2026; Zahera et al.,
2024), the searchability of such graphs still needs to be improved to better support
researchers in exploring connections and identifying relevant clusters of information.
Based on the AIMS profiles developed, such search interfaces can be auto-generated
as well. Together with a mechanism to enter and manage profile-conforming meta-
data, the RDF-Store® is another tool that builds on AIMS SHACL profiles. It connects
to a triple store and generates a search index based on the chosen profile. The profile
is then also used to auto-generate suitable search facets representing all attributes
in the knowledge graph, including highly subject-specific parameters. RDF-Store also
improves the usability by offering features such as dropdowns for lists, range sliders,
or maps for selecting coordinates. A knowledge graph can then be searched in more
detail based on a specific profile and user interest. Specific graph elements can be
selected and visualised as a graph (see Figure 3).

8https://ingest.nfdiding.de/
https://github.com/ULB-Darmstadt/rdf-store
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Figure 3: Screenshot of the NFDI4ING Knowledge Graph Explorer (https://rdf.nfdiding.
de), based on the RDF-Store software

6 Conclusion and Outlook

The vision of big, interconnected research knowledge graphs is still a work in progress
and a challenge for the upcoming years. Nevertheless, if we want to integrate RDF into
research workflows, we need more than ontologies and terminologies. By integrating
RDF components into tools and services, the effort to generate RDF data must be
reduced and the ways to explore knowledge graphs need to be improved. The pro-
file modelling approach developed by AIMS translates abstract ontologies into con-
crete and consistent metadata templates and accounts for the specificity of research
projects while still enabling interoperability on higher levels. It is a domain-agnostic
approach and can be leveraged for any type of research or use case as proven by the
integration into the generic research data management platform Coscine. The tools
developed support the creation of tailored metadata profiles, RDF-based metadata
generation, and the community-specific exploration of knowledge graphs. The soft-
ware components can be integrated into other tools as well, and we highly encourage
communities to get in touch and work together to improve the searchability and ex-
plorability of scientific knowledge graphs.
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