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The practical adoption of the widely acknowledged FAIR (Findable, Accessible, Interoper-
able, Reusable) principles for research data and data stewardship requires researchers and
infrastructure providers to work hand-in-hand. Microscopy-driven and image-analysis-
driven research projects are particularly challenging concerning FAIR data handling, data
sharing, and data preservation. The multitude of imaging modalities, the large number of
vendor-specific proprietary file formats, the enormous sizes of high-dimensional bioimaging
data files, and the vast array of software products for processing and analysis have led to
the stigma of bioimaging data being cumbersome to handle. Community-driven solutions
for image data management systems, file format translation libraries, and open-source
software exist in the field of bioimaging. However, many solutions are only applicable in
practice if researchers have access to institutional resources for hardware and technical
support for implementation, maintenance, and training. To help overcome this hurdle to
the practical implementation of FAIR data management in bioimaging, the Information
Infrastructure for Biolmage Data project (I3D:bio) started in 2022 as a DFG-funded,
collaborative effort to provide bioimaging research data management (RDM) support at
universities and research institutions. The work program is based on the exchange of
experience among members of German Biolmaging — Society for Microscopy and Im-
age Analysis (GerBI-GMB), the Research Data Management for Microscopy (RDM4mic)
group, and the NFDI4BIOIMAGE consortium participating in the National Research
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Data Infrastructure (NFDI). The I3D:bio project focuses on data handling leveraging the
open-source software OME Remote Objects (OMERO), offering direct and on-premise
support for the implementation of bioimage data management, including storage con-
cepts for long-term archiving, data sharing capabilities, and metadata enrichment. We
are developing tailored training material and workshops. The I3D:bio project, moreover,
aims to create a public resource for reusable metrology data in microscopy. Here we
present the project progress, our support offers, and the lessons learned from use cases at
the co-applicant sites and partner sites.

1 Introduction

Research across various disciplines relies on microscopy as a collection of techniques al-
lowing insight into living or non-living matter with high spatial and temporal resolution.
Data generated by modern microscopy is often characterized by large file sizes and con-
siderable complexity regarding both the performed experiment and the file structure in
which the acquired data is stored (Ouyang and Zimmer 2017). The lack of a standard
file format in microscopy impedes reusability and accessibility for third-party users, while
non-standardized or even lacking metadata about the technical setup and the experi-
mental protocol are obstacles to the findability and interoperability of microscopy data.
At present, the Open Microscopy Consortium’s OME.TIFF format and the Bio-Formats
translation library offer a partial solution in practice (Linkert et al. 2010). However,
these approaches to data handling cannot scale with the increasing variability of imaging
modalities and proprietary file formats by microscope vendors (OME 2019). Moreover,
classical binary file formats are not well suited for modern microscopy and image analysis
workflows that include remote storage, frequent access, and processing (Moore et al. 2021).

Large N-dimensional arrays within the image files require high network transfer rates and
sufficiently large computer memory (RAM). The heterogeneity of microscopy modalities
and file types is particularly challenging for individual researchers. While specialized staff
at imaging core facilities train researchers for the proper use of microscope systems or
even assist with the preparation and acquisition of bioimaging data, data management
after the acquisition is often a sole user responsibility. Dedicated funding to support
RDM for microscopy is often lacking in imaging core facilities and individual research
laboratories. As a result, bioimaging data today is often hard to preserve and share in
compliance with the FAIR principles (Wilkinson et al. 2016). To overcome these hurdles
toward FAIRification of microscopy data, several members of the German bioimaging
community, firmly grounded in the imaging core facility network German Biolmaging
— Society for Microscopy and Image Analysis (GerBI-GMB), initiated the “Information
Infrastructure for Biolmage Data” (I3D:bio), as a bottom-up project promoting the direct
benefit of community-tested image data handling software as well as metadata annotation
tools and guidelines.*

1 https://www.i3dbio.de
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2 Resources

[3D:bio was proposed by imaging core facility managers as a collaboration of four German
institutions. Regular exchange in the open community group “Research Data Manage-
ment for Microscopy” (RDM4mic) identified common issues and pitfalls in microscopy
data handling?. Several core facilities have implemented centralized instances of the im-
age data management software OME Remote Objects (OMERQO) between 2017 and 2022
(Burel et al. 2015; Zobel, Weischer, and Wendt 2022; Kunis, Bernhardt, and Hensel 2023).

The 2021 NFDI4BIOIMAGE community survey furthermore confirmed that OMERO
was the so far best-known and most widely used image data management software in
the (German) bioimaging community, evincing OMERO as common ground for start-
ing a bioimage RDM initiative (Schmidt et al. 2022). While OMERO greatly facilitates
structuring, sharing, and annotating imaging data as compared with classical file folder
hierarchies, running OMERQO as a facility requires investing in personnel capacity and IT
resources that are not readily available for many core facilities in Germany. Therefore, a
goal of I3D:bio is to capacitate core facilities for implementing and managing OMERO
instances by offering support and guidance for this process. Additionally, core facility
users must be trained to become proficient in the use of OMERQO, which is based on
object storage instead of file hierarchies. Questions of data ownership, storage security,
or access to OMERO-hosted data for image processing and analysis were observed as
impediments to the practical adoption by users. 13D:bio intends to provide best-practice,
peer-reviewed training material as a resource for core-facility-centric user training in ad-
dition to the OMERO guides®. Additionally, annotation tools and guidance to comply
with community-driven metadata enrichment standards are being tested in use cases and
at the applicant sites. These efforts are orchestrated to align with the activities of the
international bioimaging community. To reach these goals, the three work packages of
I3D:bio focus, first, on the deployment of OMERO instances according to best practices
as well as building a public OMERO-based database for microscopy metrology data, sec-
ond, the identification of the suitable technical infrastructure requirements for image data
storage in OMERO and metadata annotation software, and, third, the coordination with
(international) partners, communication and training (Figure 1). The project duration is
three years; a prolongation is possible

3 Support

I3D:bio lays groundwork and complements the goals of the collaborating NFDI4BIOIM-
AGE consortium?, which is part of the German National Research Data Infrastructure
(NFDIP). Several NFDI consortia from the life sciences support the I3D:bio project and
have stated their intention to implement I3D:bio guidelines for bioimaging RDM work-

2 https://german-bioimaging.github.io/RDM4mic.github.io
3 https://omero-guides.readthedocs.io/en/latest

4 https://nfdidbioimage.de

5 https://nfdi.de
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Figure 1: I3D:bio work packages. Taken from the I3D:bio project proposal.

flows in their field of research. To test and refine I3D:bio’s approach to implementing
OMERO at research institutions and universities, two naive sites have been selected for
the de novo installation of OMERO. The applicant institution German Cancer Research
Center supports the project with in-kind contributions for the institution-wide adoption
of OMERQO in the field of cancer research. The Technical University of Dresden’s Medical
Faculty serves as an external naive site for testing and refining I3D:bio-guided image data
management workflows. Moreover, I3D:bio works in close collaboration with members of
the RDM4mic group, who provide input for the project and constitute the connection
to the broader target audience whose members may become integrated into the project
as use cases. At the international level, I3D:bio collaborates with community partners
like Euro-Biolmaging®, Biolmaging North America’, the Quality Assessment and Repro-
ducibility of Instruments and Images in Light Microscopy (QUAREP-LiMi) group®, and
others. For example, two joint workshops for metadata annotation for bioimaging were of-
fered together with BINA at the European Light Microscopy Initiative (ELMI) conference
in 2023°.

4 Conclusions

Within its first year, I3D:bio has collected community input via RDM4mic and several
use case partners in and beyond Germany. The website!® was established as a central
knowledge resource on bioimaging RDM, including an overview of different topics and so-
lutions, links to training resources, and an introduction to the complex topic of bioimaging

6 https://www.eurobioimaging.eu
7 https://www.bioimagingnorthamerica.org
8 https://quarep.org
9 https://elmi2023.eu
10 https://www.i3dbio.de
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metadata. As a live assessment of FAIR bioimaging data collection and annotation, the
I3D:bio team has organized the management of microscopy data produced during practi-
cal workshops at the Trends in Microscopy 2023 Conference and invited participants and
workshop providers to annotate imaging data based on the Recommended Metadata for
Biological Images (REMBI) guidelines (Sarkans et al. 2021) for OMERO-based bioimage
data handling and metadata annotation.

The I3D:bio website offers a Help Desk, and community stakeholders are invited to contact
[3D:bio via the website or via the community forum image.sc to collaborate as a partner
or use case.
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