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standardised group-specific naming convention, metadata curation with tagging

and Key–Value pairs, and integration of existing image processing workflows. By

sharing our experiences, this article aims to provide insights and recommenda-

tions for both individual researchers and educational institutions intending to

implement OMERO as a management system for bioimaging data. We showcase

how tailored decisions and structured approaches lead to successful outcomes in

RDM practices.
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1 INTRODUCTION

Bioimaging core facilities at universities and research insti-
tutions serve the scientific community by managing the
acquisition, implementation, accessibility and reliability of
modern high-end imaging instruments that are used by
researchers on a daily basis. In addition, core facility staff
provides training and support in using bioimaging instru-
mentation and analysing the obtained image data, thereby
contributing to numerous individual research projects.
Beyond this, core facility staff is confronted with chal-
lenges concerning the professional management of bioim-
age research data.1–3 This data type, often derived from
complex preparation protocols and imaging setups for del-
icate samples, is regarded as difficult to handle, store and
share, because bioimage data are often multidimensional
(time, space, channels, spectra, etc.). Moreover, bioimag-
ing files are often large and acquired in proprietary file
formats lacking a uniform data and metadata structure.4

Such challenges in data handling can be solved by invest-
ing in professional practices in bioimage research data
management for core facilities. This needs to be achieved
in close collaboration across institutional departments,
including the central and/or departmental information
technology (IT) units, institutional management boards
and, of course, the user base of the facility.
The Core Facility Cellular Imaging (CFCI), a joint light

and electronmicroscopy facility at the Faculty of Medicine
Carl Gustav Carus at the Technische Universität Dresden
(TU Dresden), is one of 12 core facilities around the local
university hospital campus located in Dresden, Germany.
These facilities collaborate through the multiinstitutional
bioimaging network, Biopolis Dresden Imaging Platform
(BioDIP). Due to sensitive patient-related data collected at
the university hospital, the Faculty ofMedicine has its own
and independent IT department, and works in collabora-
tion with the central IT department of the TU Dresden.

To facilitate the adoption of bioimage data handling and
management in compliance with the FAIR (findable,
accessible, interoperable, reusable) principles for CFCI
users, we decided to pilot the local implementation of
the bioimage-specific research data management system
OME Remote Objects (OMERO). Currently, OMERO is
the most widely used and best-established bioimage data
platform.5 In line with our intention to implement new
standards and routines for research data management
(RDM) in our facility, we have contributed as a use case
to two larger bioimaging RDM projects. First, within the
Information Infrastructure for BioImage Data (I3D:bio)
project we have volunteered as a test site for the imple-
mentation of facility-oriented OMERO implementation
guidelines. Second, as an early use case we collaborated
with members of the NFDI4BIOIMAGE consortium, a
part of Germany’s National Research Data Infrastructure
(NFDI) to establish user-oriented support for metadata
annotation. Based on the Recommended Metadata for
Biological Images (REMBI), we connected image analy-
sis workflows to OMERO. This was done in the interest
of sharing publication-associated data in our OMERO
instance.
In this article, we report in detail about our case in estab-

lishing OMERO as the basis for bioimaging research data
management practices in our facility. As tailored decisions
were required atmultiple steps during the implementation
process, our established single OMERO instance cannot
be considered as a blueprint for all future implementa-
tions. However, we have leveraged a structured approach
to implement OMERO as proposed by the I3D:bio project
partners, andwe report here on the reasoning and decision
making processes that have culminated in the successful
OMERO implementation at the CFCI of the Faculty of
Medicine at the TU Dresden. Underlining this success, we
further report on four different pilot-use cases at our fac-
ulty and how these users benefited from the tremendous
possibilities offered by an integrated OMERO-based RDM
approach.
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2 INITIAL INSTITUTIONAL AND
ADMINISTRATIVE CHALLENGES

Since 2019 we have been engaged in research data man-
agement (RDM) with the objective to use OMERO as an
open-source solution for handling, storing and sharing of
the acquired image data.5,6 The latest technological devel-
opments in microscopy in line with the associated highly
complex data structure and volumes require the estab-
lishment of RDM practices for bioimage data according
to the FAIR principles7 before the data acquisition stage.
Consequently, imaging facilities need to provide scien-
tists with the appropriate tools to follow those practices.
Through attending various lectures and workshops in the
microscopy community and closely networking at regu-
lar meetings of the open exchange group, Research Data
Management for Microscopy (RDM4mic), our facility staff
became introduced and well acquainted with the func-
tionality and benefits of OMERO (Figure 1). We supported
the grant application for the I3D:bio project in 2020/2021
by serving as a use case for a community-oriented imple-
mentation of OMERO. Within this project, we started our
internal administrative preparations in parallel to the start
of the I3D:bio project’s funding phase. In addition, we
decided to initiate the implementation of OMERO in our
facility by coupling our RDM management initiative to
the introduction of a new imaging instrument (i.e., to
an automated slide scanner). This opened the exciting
opportunity to both facilitate a seamless adoption of new
practices by our users and test the handling of large and
complex datasets. Administrative preparations during this
initiation phase included planning a small pilot project
with respect to the temporal, financial, personnel, and
infrastructural conditions available at this time.
The conception also required a close cooperation with

the IT department from the start to ensure the necessary
technical support and to allocate person-time for the instal-
lation andmaintenance of the new system. This six-month
bottom-up initiation phase involvedmultiplemeetings and
was a prerequisite for a coordinated strategic decision to
implement OMERO. Consequently, we had established
an ideal scalable environment to begin the two-year pilot
phase in 2022 involving four initial sub-projects.

3 PILOT PROJECTS

Within the course of implementing OMERO, four projects
on campus were chosen reflecting the complexity in mul-
tidimensional microscopy and the diversity of other types
of processed data within our user community (Figure 2).
Furthermore, we selected highly motivated users willing
to implement a new RDM routine. The first project was

a scientific study, in the following described as PERIK-
LES project, on the biocompatibility of newly designed
biomaterials out of pericardial tissue for cardiovascu-
lar substitutes.8 Therein, a variety of stained histological
sections had to be digitally scanned in high resolution
and number using the newly acquired slide scanner
(Figure 2A). The requirements and challenges were not
only in the scanning of the large data volumes of more
than 20 TB but also in handling the complex experiment-
specific metadata that had to be linked to each of the
numerous images for following analysis. Furthermore,
it was challenging to adapt the already established Fiji
macros9 to the automated image analysis processes for the
OMERO framework.10

The second pilot project used data obtained by lat-
tice light-sheet microscopy. Here, a small number of
experiments visualising early development in the embryo
of the nematode Caenorhabditis elegans produced mul-
tidimensional data including about 3.8 million images
and enormous file sizes (approx. 80 GB per experi-
ment). In this case, the challenge was to manage the
data in a way that allowed stakeholders to annotate and
browse the individual image data with OMERO, while
preserving access to the raw data for further process-
ing steps to avoid data duplication as much as possible
(Figure 2B).
In the third project, electron microscopic data of the

immortalised human cell line hTERT-RPE-1 were used.
Here the ultrastructure of the mitotic spindle was investi-
gated by electron tomography. These data were generated
with a number of different electron microscopes resulting
in diverse data formats. Due to the complex workflow of
data acquisition and image reconstruction, this resulted in
large file sizes with diverse segmentation results and file
formats but at a low sample throughput (Figure 2C).
Finally, a fourth project was selected from the field

of medical education and served as special case for the
usage of OMERO in education purposes (Figure 2D).
Here the focus was not on working with large and/or
complex data files, but on the parallel, permanent avail-
ability of annotated images for up to 300 students per
semester in lectures, lab courses and for self-studies (exam-
ple dataset: omero.med.tu-dresden.de/dataset-1554). An
anonymous and unrestricted access of specific images for
virtual microscopy and morphological analysis of various
microorganisms by the enrolled students had to be embed-
ded into the e-learning platform (OPAL) that is currently
used at the Faculty ofMedicine at the TUDresden. In coop-
eration with the Institute of Medical Microbiology and
Virology, digital case studies were selected to be integrated
into OMERO.
Throughout the implementation period, we leveraged

the support offered by the I3D:bio project. Based on
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F IGURE 1 Milestones of OMERO implementation. Illustration of the overall process of implementing OMERO at the CFCI during

the initiation phase, with the focus on the administrative organisation and the pilot phase with the active usage of OMERO within different

use cases. (A) Introduction and training covered two different periods: first, initial awareness and general education in the field of RDM and

OMERO; and second, active practical training and learning after the installation of OMERO as actively supported by the I3D:bio team. (B)

Six-month phase of administrative processes. This was an important milestone as resource allocation enabled the start of the technical

installation of the OMERO instance. (C) Completed over a period of 12 weeks challenges like accessibility of the OMERO instance within the

medical domain and beyond as well as different user authentications were covered. Due to the group’s lack of expertise in both RDM in

general and OMERO specifically, multiple processes began in parallel. (D) Nine-month development phase of a research group-specific

naming convention. This phase was necessary for closely linking the newly acquired skills to the in parallel-developed workflows for

metadata curation. (E) Focused period on understanding the tagging and developing of templates for Key–Value pair annotations. (F) Parallel

integration of user-specific data analysis processes from the beginning. This very time-consuming process required specialised knowledge in

image analysis and Python programming. This phase is still ongoing. (G) RDM of the data related to the PERIKLES project. Following a

successful training and annotation phase, this project as part of the four pilot studies was the first one at the medical campus with figures

created by OMERO.figure for a scientific publication that is now published.8

prior work inside the German BioImaging – Society
for Microscopy and Image Analysis (GerBI-GMB),
specifically with the working group Research Data
Management for Microscopy (RDM4mic), members
of I3D:bio had established a network of partners with
experience in OMERO. This allowed for a coordinated
cross-institutional exchange with the I3D:bio team on
specific issues where and when they arose. We also used
the I3D:bio OMERO training material which was under
development, and provided feedback on the basis of our
learning experience.11

4 GETTING STARTEDWITH OMERO

Essentially, OMERO is a server to which image data are
uploaded and accessed via a set of client applications.
The principal application for both browsing the image
content and managing the projects is called OMERO.web,
a web-based client accessible from any common web
browser. Images are most commonly uploaded to the
server using the dedicated OMERO.insight desktop
client application. In addition, there is a command-
line tool, OMERO.cli, which offers a set of advanced
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5 µm

(C) Electron microscopy

50 µm

(D) Medical education

500 µm

(A) PERIKLES project

10 µm

(B) Lattice light-sheet

F IGURE 2 Overview about the pilot projects. This figure was created in OMERO.figure as an example for FAIR-bioimage

publication. (A) Light microscopic image of a hematoxylin and eosin stained pericardial implant with granulocyte border area 1 week after

subcutaneous implantation into a Sprague Dawley rat. (B) Lattice light-sheet data used to study mitotic spindle scaling in the developing C.

elegans embryo. The following components are labelled: cell membrane in magenta (PH-domain labelled with mKate2), centrosomes in cyan

(gamma-tubulin labelled with GFP, arrows) and histones in magenta (histone H2B labelled with mCherry, arrow head). (C) Transmission

electron microscopy image of a RPE-1 cell in metaphase. Chromosomes can be seen in the centre of the cell as dark structures (arrows). One

centriole pair is visible in the lower part of the cell (arrow head). (D) Light microscopic image of the parasite Loa loa in a blood smear stained

with Giemsa staining. The characteristic structure microfilaria is indicated (arrow) and used within lectures and practical courses.

functionalities for interacting with the server (e.g.,
batch import/download/deletion/duplication, custom
database queries). OMERO also provides an Application
Programming Interface (API) for several program-
ming languages (omero-guides.readthedocs). For the
overview and descriptions of used extensions and
scripts for OMERO review Table S1 in the Supplemental
Material.
During the first steps of installing OMERO, we took

advantage of the well-described OMERO documentation
(openmicroscopy.org/system-requirements) reporting on
the minimal technical requirements. The installation of
the OMERO environment and the technical support dur-
ing this initial process were carried out by IT professionals
of the Faculty of Medicine. This was done in close collabo-
ration between the CFCI and the Data Integration Center
(DIZ) of our faculty. At the beginning of the installation
process, a decision had to be made regarding the operating

system. In addition to the possibility of a native installation
on Linux, there was also the option for an installation via
Docker containerisation. Because Docker seemed easier to
maintain in the long term and offered more flexibility for
potential migration or expansion to another system, this
model was selected (Figure 3). The OMERO instance is
installed on a virtual machine provided by the DIZ and
includes CPU cores, 16 GB of RAM, and initially had two
terabyte (TB) of storage for bioimage data. In line with
usage requirements, this storage space has already been
increased to the current capacity of 20 TB.With the current
total server capacity of 100 TB, the storage can be scaled in
linewith the usage of theOMEROsystem. In the future,we
will need to expand this capacity even more to a new stor-
age system. However, a migration workflow either using
an existing strategy as worked out in the OMERO commu-
nity or by applying a newly developed solution still has to
be discussed.
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F IGURE 3 Technical OMERO setup. The Docker stack employed in this installation consisted of both, an OMERO.web (custom

docker image) and an OMERO.server container (custom docker image), which are connected to a Traefik-Proxy container (HTTP reverse

proxy). Furthermore, the setup is constituted of containers for an OpenLDAP-proxy (OpenLDAP custom image) and a PostgresSQL-database.

The OMERO.server container is a custom docker image, based on the image ‘openmicroscopy/omero-server’ (hub.docker.com/omero-server)

and has been extended with the OMERO.figure plugin (github.com/omero-figure). The OMERO.web container is also a custom docker

image, based on ‘openmicroscopy/omero-web-standalone:5.22’ (hub.docker.com/omero-web-standalone), which has been extended with

OMERO.forms (github.com/OMERO.forms), OMERO.autotag (github.com/omero-autotag), and OMERO.tagsearch

(https://github.com/German-BioImaging/omero-tagsearch). The user authentication is managed through the custom OPEN-LDAP

container. Since an LDAP integration was required for two domains, that is, for the Faculty of Medicine/University Hospital domain (MED)

and the TU Dresden domain (ZIH), the OpenLDAP proxy was necessary to connect both domain trees.
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The OMERO.web container, in addition to its use
by internal users, is configured for public access to
anonymous users. The instructions are available at
omero.readthedocs. This configuration allows access to
image data and analyses for research team members
and collaborators via the plugin OMERO.iviewer. It
also allows users to design figures for manuscripts that
are entirely created using the OMERO.figure plugin
(openmicroscopy.org/omero/figure). The OMERO.web
interface has also been set up to allow an automatic
login for a ‘PublicUser’, who can access all assigned
data, thereby enabling the use of OMERO to make
data publicly available. In addition, server settings for
open access to published data have been implemented
following the instructions in the OMERO sys-admin
guide (omero.readthedocs). All settings in the section
‘Configuring public user’ were applied as described there
(access date: 06/2024).

First challenges

After the setup of a new institutional OMERO instance
was achieved, a major challenge was the introduc-
tion of OMERO in an operating research group with
a preexisting data management structure and associ-
ated internal processes. These data management strate-
gies in individual research groups are often not stan-
dardised, and they almost always vary across different
research teams depending on the specific characteris-
tics and requirements of the different projects. This can
present a significant obstacle to the FAIR sharing and
usage of the data within further studies.7 This issue also
impacts the ability of research groups within one insti-
tute to comply with the requirement from most funding
agencies to store raw and processed data for at least
10 years.
We tackled this problem by developing and commonly

agreeing on a group specific naming convention for newly-
acquired image data. In our facility and in the associated
research group we apply different imaging modalities
(light and electron microscopy; Figure 2B and C). This
requires specific information to be included in a valid file
name. The development of a naming convention upon
which every group member finally agreed was a pro-
cess that took about nine months of constant discussions,
changes, and improvements (see Figure 1D, Milestones of
OMERO implementation at CFCI). As a result, our nam-
ing convention now contains a detailed description of how
both light and electron microscopic data have to be named
in our research group.12 These rules are mandatory for file
storage either temporarily on file servers or long-term in
OMERO. This step of developing a naming conventionwas
certainly necessary to convince group members to ‘break

out’ from their own routines and adopt this new naming
scheme for a futuremanaging of different and increasingly
complex imaging data.
While adoption of the naming convention was a chal-

lenge, it was achieved reasonably quickly. A much greater
challenge was to organise the data by completely avoiding
deep folder/subfolder hierarches. Since OMERO does not
provide folders beyond the project/dataset level, users
were confronted with the need to understand that data
organisation in OMERO is maintained by a powerful tag-
ging system. This system is not immediately intuitive for
many users, and we observed a tendency to add informa-
tion to the file names that was originally provided by the
folder hierarchy. Such addition of redundant information
prevented a proper tagging of individual files and has to
be avoided.
To help our researchers adapt to using our new nam-

ing convention and the correct tagging of data, we cre-
ated an example file demonstrating how a project with
data and corresponding metadata needs to be tagged
in each person’s individual data storage in OMERO
(Light microscopy data, Electron microscopy data). For
example, in the large-scale PERIKLES project, researchers
typically need to work with ID lists containing animal
ID, gender and several other experimental conditions.
These complex lists can be replaced by Key–Value pairs
and tags (organised in tag sets). At the beginning of a
new project, one has to create tags covering all the infor-
mation as usually given in the ‘traditional’ ID lists (see
Section 5.1). When we started to annotate our data within
the PERIKLES project, the use of tag sets combining
multiple tags was very helpful. In consequence, once a
researcher is familiar with theOMERO.web two-level hier-
archy, data can be structured and displayed conveniently
using the user-friendly tagging system, thus replacing the
need for additional and often very complex lists in Excel
spreadsheets.

5 WORKFLOWDEVELOPMENT

5.1 Metadata curation

As previously mentioned, the significant conceptual leap
for OMERO users was to understand that proper data
organisation is achieved through tags and tag sets rather
than a folder/subfolder structure. The key question in
the workflow was when tagging should be performed.
Currently, we aim to upload data from the microscope
computer or after file creation and then apply the respec-
tive tags as soon as possible. This requires a certain level of
discipline among groupmembers but is necessary to make
data searchable and findable in the future. In projects
where many scans were performed in a short period,
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like the PERIKLES project, tagging directly during upload
using the ‘file naming & tags’ function in OMERO.insight
proved to be very efficient. In addition, we require all users
to provide a short description for each tag, to ensure clarity
and avoid confusion.
For existing data with various and individual folder and

subfolder structures, trainers need to provide assistance
in structuring and annotating them with the perspec-
tive to upload data from current projects to OMERO.
Here current projects can serve as examples of good
practice in RDM for other users at the same institute,
especially if annotation templates and file-naming con-
ventions are established during the annotation process.
If there are already project- or even technology-specific
naming conventions within the research group, these can
be adapted through automatic batch annotation using
tags derived from the file path from which the images
were imported. The OMERO.autotag plugin (github.com/
German-BioImaging/omero-autotag) reads these paths
and subsequently provides the user with a series of tags.
We greatly appreciate this function because it facilitates a
smooth transition from local file system data management
to an OMERO-based data management. Furthermore,
handling data in OMERO can be improved by using the
OMERO.tagsearch plugin (github.com/omero-tagsearch),
which allows searching for tag annotations directly from
the OMERO.web interface.
Another feature that aids data reproducibility is the

use of Key–Value pairs to document experimental details
that lead to the respective microscope image. To anno-
tate image data with Key–Value pairs, spreadsheets can be
used and several templates like the REMBI template13 are
available to ensure compliance with the FAIR principles.
Since from our experience it was inconvenient to use those
complex templates, as many keys were not relevant to the
given project or imaging platform, users should be assisted
here. We tried to filter the multiple fields to an essential
set of keys to provide values for the experimental setup
in the respective projects.14–16 The annotations from these
templates can be easily imported into OMERO, enabling
users to annotate their datasetswithmetadata in bulk. This
is achieved through the annotation scripts (github.com/
omero/annotation_scripts/) in OMERO.web, which pro-
vides an interface to supply script parameters. Although
this approach reduces the workflow complexity for users
with limited computational expertise, we have noticed
here typical handling errors as listed in the Practical usage
experiences section in Supplemental Material.
The ability to add hyperlinks to the Key–Value table

offers a flexible way to link electronic lab notebook (ELN)
pages directly to the image data. Hyperlinks can also
enhance data findability by enriching Key–Value pair
metadata with terms and links to the relevant ontolo-

gies. For instance, ontology terms for imaging methods,
biological entities and organisms were employed for the
PERIKLES project with the following links obolibrary.org/
obo/FBbi_00000243, obolibrary.org/obo/NCIT_C13005
and obolibrary.org/obo/NCBITaxon_27592, respectively.
The Ontobee database was employed to find appropriate
ontologies and terms for each annotation.17 Moreover,
microscope-specific metadata, such as focus strategies
or tissue detection settings at the slide scanner system,
were also added as Key–Value pairs15 to include experi-
mental parameters that are not included in the raw image
metadata.
The annotation process described above allows users

to establish a robust data management workflow, thus
making it easier for the users to implement new data
management plans for their imaging studies. Additionally,
data curation by tagging and Key–Value pair annotation is
very user-friendly, allowing for continued adoption of data
annotation practices. The ease of use enabled our imaging
facility personnel to efficiently train new users in apply-
ing these processes to their data. In perspective, the design
of these annotation workflows and templates could greatly
benefit from the assistance of dedicated data stewards
experienced in RDM for imaging data. The data steward’s
expertise and advice could further streamline adopting
workflows for existing projects and ensure their inclusion
in data management plans for new projects. In the future,
this needs to be implemented in our imaging facility.

5.2 Data sharing for collaborations

It is very important to consider the different levels of access
to image data within a research group. In addition, the
sharing of unpublished data with internal and/or external
collaborators must be considered in the data manage-
ment plan for both preexisting, current and new projects.
This is necessary not only to ensure data integrity and
confidentiality but also to facilitate efficient communi-
cation between collaborators across project workflows.
The initial step in planning data sharing in OMERO is
to determine the access levels required by internal team
members. This is essential to ensure that only the required
users can access, annotate or delete the data. These per-
missions are set at the group level in OMERO, meaning
all group members, except for the group owner and the
owner of the data, share the same permissions. Since both
users and access requirements can vary between projects,
it is recommended to use a separate OMERO group for
each collaboration project rather than relying on a single
OMERO group for each research group.
Access for collaborators from other research groups,

whether within or outside the institute, can be restricted
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only to the datasets required for the collaboration. The
sharing of data with collaborators from the same institute
can be managed by the group owners, either indepen-
dently or with assistance from trainers or the OMERO
administrator at the institute. This assistance might
be needed, if the user is not yet proficient with the
OMERO.web interface, a new group needs to be created, or
a new user account needs to be added. However, this last
task can be fully automated if the OMERO instance is set
up to query the institute’s LDAP server for authentication.
This greatly reduces the workload for administrators. Data
sharing is generally more complex with collaborators from
different institutions, as access to the institute network
might be required. There are several possible solutions
for this matter. For instance, institutional ‘guest’ accounts
to the collaborators might be issued, providing access
through Virtual Private Networks (VPNs). Alternatively,
the OMERO instance might be accessible from outside by
the institute’s internal network. Each of these solutions has
different IT requirements and security implications, thus
they require extensive planning and collaboration with the
institute’s IT department, ideally before installation of the
OMERO instance.
Another crucial aspect to consider when planning data

sharing is how to avoid data duplication. While the cases
discussed above can be addressed by creating new groups
in OMERO and moving the data to the new groups, data
that are required formore than one project cannot beman-
aged in this way. This is because the projects might involve
other datasets with different access requirements, which
means that the data would need to be located in more than
oneOMEROgroup, potentially leading to data duplication.
Data duplication can be avoided by creation of links. This
can be achieved by using either the CLI tool omero-cli-
duplicate (pypi.org/omero-cli-duplicate) or by reimport-
ing the images a second time using symlinks from the
image stored in the OMERO ManagedRepository (omero.
readthedocs). In practice, only a new database entry is cre-
ated, which is linked to the same image file on the server.
This ‘virtual’ duplication ensures an independent possibil-
ity to work with the image in OMERO separately (e.g., by
tagging, adding Key–Value pairs or other kinds of annota-
tions). These independent entries can then be transferred
to the group of a collaborator so that the data can be shared
efficiently. The downside of these solutions is that they
require the user to be proficient with the command line.
Administrative assistance might also be required.

5.3 Image processing

Introducing OMERO into ongoing projects, that is, when
data have already been generated and analysis work-

flows been established, can come with several challenges.
These challenges include constraints on the choice of the
programming language and the image analysis software.
However, it is important to minimise changes to the orig-
inal workflow when adapting it to OMERO. This ensures
consistency within the project itself and makes the transi-
tion as smooth as possible for the users. A prerequisite for
the introduction of OMERO to both preexisting and new
workflows is its interoperabilitywith various imaging anal-
ysis software packages. As previously described, OMERO
is primarily designed for data management and metadata
curation, providing limited image processing functionali-
ties out of the box. This limitation is fully compensated by
the availability of APIs and plugins for the most common
programming languages and image processing software,
including Fiji,18 napari,19 QuPath20 and Cell Profiler.21

Effective communication between trainer and user is
crucial to ensure that all requirements of the originalwork-
flow are identified and implemented in the scripts, tools
and/or protocols to be applied after the introduction of
OMERO. It is important to frequently test the workflow in
close collaboration with the users to gather necessary feed-
back. For instance, one issue we have encountered with
many image analysis plugins for OMERO is the inability to
open large images that do not fit in the memory available
on a typical workstation or even in a dedicated image-
analysis desktop PC. While some software, like QuPath,
can open whole-slide images by leveraging multiresolu-
tion pyramidal file formats, other project requirements
might prevent the use of such tools. This is particu-
larly true for ongoing projects where data analysis has
already been partially performed or where analysis scripts
and workflows have already been developed. To enable
one of these workflows in Fiji, we adapted a preexist-
ing macro from the OME team (github.com/omero-guide-
fiji/scripts/groovy). This macro downloads an image from
OMERO and temporarily saves it to the local hard drive
before opening it. We modified it to allow opening of the
image at a lower level of resolution and account for a dif-
ferent pixel size in the downstream analysis (github.com/
FixSizeDownloader.groovy).
Another example of an adapted workflow is the

PERIKLES use case. For this project, we modified a
Fiji macro9 for counting cell nuclei on hematoxylin
and eosin (HE)-stained slide scanner images (github.
com/CountCellsOMERO.ijm). This macro was adapted
using the OMERO Macro Extensions plugin (github.com/
omero_macro-extensions)10 enabling the macro to lever-
age tags and regions of interest (ROIs) created through
the OMERO.web interface. This allowed for selecting of
the images to process and limited the areas to be pro-
cessed within each image. The results of the analysis were
then imported to OMERO as cell ROIs and measurement
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tables linked to the relevant images, andmade them acces-
sible for viewing and available for download and further
analyses (Figure 4).
A drawback of this approach is the limited capability of

OMERO to manage and visualise large numbers of ROIs,
which becomes impractical above a few hundred ROIs.
A workaround here is the use of segmentation masks,
which can define several thousand regions for each image,
although they are currently not supported very well for
visualisation in OMERO. This issue will likely be resolved
by the adoption of next-generation file formats such as
OME-NGFF.23 This will enable the storage of these masks
together with the original image in a file highly optimised
for direct access by a large number of users from cloud or
object storage.
Finally, comprehensive documentation should be com-

piled for each step of the workflow and ideally employed
by the user when carrying out testing of the workflow.
This will allow users and trainers to identify steps and
tools which need further adjustments or clarifications,
thus enabling users to independently carry out the new
workflow from the very beginning. This documentation
will ensure that specific steps of the developed workflow
can be re-used and reproduced by future users after the
project has ended. If the new workflow should require the
development of new scripts and tools, a version control sys-
tem should be employed to keep track of the script versions
used and any subsequent modifications that have been
developed. The new code can then bemade available either
internally or externally on DevOps platforms like GitHub
(github.com) or GitLab (about.gitlab.com). To streamline
application by new users, the documentation for the work-
flow could also be hosted on the platform along with the
scripts. An example of such a repository, containing Fiji
macros developed for the PERIKLES study, can be found
at: github.com/fiji_omero_workflows.

5.4 Publishing

An important feature of OMERO is the ability to provide
datasets and figures for publication in scientific journals.
Many research groups have agreed on the use of stan-
dard graphic software. Importantly, information about the
metadata behind composite figures is usually known only
by the group members who created the figures for a spe-
cific publication. For the publication of the results of the
PERIKLES study,8 OMERO allowed us to make the cor-
responding histology data available to both the reviewers
and the readers. This was appreciated by the journal, APL
Materials. Briefly, we would like to share our workflow of
publishing data by using OMERO.

We used the application called OMERO.figure, built
into the OMERO.client, to create the respective figures
for publication. This was very convenient as images were
directly used with the correct scaling in OMERO, elim-
inating the need for duplication on local computers to
create high-resolution composite figures. The handling of
this application is easy and intuitive, as helpful tutorials
are available (openmicroscopy.org/omero/figure). These
benefits are also strong arguments to convince other col-
leagues and researchers to get started with OMERO. We
strongly recommend to start with importing image data
obtained within current projects and there especially with
data intended to be published. Fromour perspective, this is
an ideal starting point for the use of OMERO and encour-
ages FAIR data publication practices within the research
groups. The tagging feature was particularly useful here,
as labels were generated directly from the given tags. The
obtained figures were then saved as .pdf, .tiff files or as
a new OMERO image. The link to the figure and a list
of the containing images with their individual OMERO
links were initially attached to the datasets within the own
group. Next, a ‘PublicUser’ group was created (see Section
4) with the ‘PublicUser’ as a group member and read-only
permissions. Subsequently, the figures and the correspond-
ing datasets were duplicated, creating a new entry in the
SQL-database thatwas linked to the original image file (see
Section 5.2). The duplicated datasets were then moved to
the ‘PublicUser’ group, and the dataset ownerwas changed
to the ‘PublicUser’. Finally, as the image IDs within the
duplicated datasets had changed, they needed to be cor-
rected in the public figure (Figure 2). From here on, the
new figure link could be provided for the manuscript.
For the implementation of OMERO in the microbi-

ology teaching to students enrolled in medicine, digital
images of stained slides and solid medium plates of vari-
ous microbial samples (e.g., bacteria, fungi and parasites)
were used. After acquisition of microscopic images, they
were stored and properly annotated with relevant infor-
mation in OMERO. As these images were intended to be
sharedwithin a group of students without giving themper-
missions as OMERO users, the data needed to be provided
publicly. Again, a new ‘Public User’ group was created and
the data was duplicated virtually there as described above.
To enhance the e-learning aspect, it was possible, together
with the local faculty’s student e-learning platform ‘OPAL’,
to provide the students access to specific images through
hyperlinks, embedded into individual chapters of the
course. By virtual microscopic analysis, the students were
asked to identify specificmicroorganisms in the given sam-
ples, thus linking causative pathogens to selected case
studies. For this purpose, non-annotated images of given
specific case descriptions on the e-learning platform were
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F IGURE 4 Workflow for the ‘CountCellsOMERO’ macro. (A) Screenshot of the OMERO.web interface default viewer showing a

representative image and the ROIs employed to select the area for image processing. For the displayed PERIKLES study, it was necessary to

have an outline rectangle (dark blue) to ensure the mandatory size of the high-power field (HPF; 1000 × 500 µm2 according to ISO

10993–6:200722). Here, one aspect of the project was to quantify cells within the fibrous capsule and implant matrix. Further segmentation as

polygons (in green) within the rectangles were done to define both structures. (B) Screenshot of the Fiji dialog window shown at the

beginning of the macro execution for parameter input. OMERO Login credentials, group and dataset ID needed to be selected. To choose

polygons and not rectangles to be processed, we added the prefix term ‘batch_mask. . . ’ and inserted this term in the dialog window. To

process images of multiple datasets in a batch, we tagged all favored images with ‘to process’. (C) Screenshot of the OMERO.web interface

showing the parameters and measurements from the macro saved as an attachment in OMERO. Parameters and measurements are displayed

as a table (bottom left and right, respectively).

 1
3
6
5
2
8
1
8
, 2

0
2
5
, 1

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

1
1
1
/jm

i.1
3
3
6
0
 b

y
 D

k
fz Z

en
tralb

ib
lio

th
ek

 K
reb

sfo
rsch

u
n
g
szen

tru
m

, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

8
/0

5
/2

0
2
5
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o
n
s L

icen
se



116 JANNASCH et al.

used in synchronous virtual microscopy courses. After the
end of the course, a fully annotated version of the images
was provided (again by data duplication), encouraging
independent self-studies by the participating students.

6 DISCUSSION

Despite many advantages and benefits for both facility
staff and users, the implementation of RDM still repre-
sents a huge hurdle for most researchers. This particularly
concerns small laboratories with low capacities and/or
expertise to sustain resources and introduce workflows
for FAIR data management.24 Hence, there is an urgent
need for support from the local IT department as well as
from data stewards. This is true not only for the installa-
tion and setup but also for the maintenance of the RDM
infrastructure and accompanying user training.25

This need for support was the driving force behind the
pilot project described here. Our goal was to develop and
share a streamlined workflow for RDM that could alle-
viate the burden on researchers as mentioned above and
facilitate better data management practices in bioimag-
ing facilities. From the beginning, it was our intention to
startwith awell-described and supported system,OMERO,
for bioimage data management. To a large extent, we
benefited here from the experiences of the microscopy
community in introducing and using OMERO.2,5,26,27 The
recently published comprehensive facility perspective on
adopting the FAIR principles provides high-level recom-
mendations on implementing a bioimaging RDM system.2

Here, we present the perspective from a dedicated user
case. Our article describes in detail the bottom-up process
on selected pilot projects, including the implementation
of OMERO in diverse research areas and the teaching
activities at our research campus. In, addition, we also
shared developed protocols. As we started the project
on a small level with the option to expand and upscale
the use of OMERO, the parallel community support
including functionality development for OMEROwas cru-
cial for getting started with a professional RDM in the
CFCI.10,28,29

The strategy for implementing OMERO in the context of
this pilot study was initiated as a bottom-up process by the
CFCI. Our initiative then created further awareness at the
faculty level for the importance of a management strategy
for the handling of bioimaging data. At this point, the need
for additional personnel and technical resources has not
been finally discussed. Specifically, aspects of RDM rang-
ing from data analysis, sharing to publication are currently
under discussion to identify solutions within the scope of
our pilot studies. This initial phase is crucial for the sub-
sequent and targeted institutionalisation of OMERO as

a central bioimaging data management system. The suc-
cess in improving data handling and alleviating workload
for RDM experienced by pilot users seems to stimulate
the uptake of OMERO into the routines of other groups
within the collaborative environment of a research insti-
tute. Our long-term aim is to convert this initiative into a
top-down approach, thus enabling the recruitment of addi-
tional personnel to offer faculty-wide technical support.
Such a central top-down process will be crucial tomotivate
a larger group of scientists in research groups to change
their old lab routines and develop new and future-proven
data management workflows.
A notable example of successful RDM implementation

is the PERIKLES project. This research project was the first
in its domain at the campus of the Faculty of Medicine
in Dresden, which successfully incorporated the OMERO
platform into its publication process. OMERO enabled
the authors to share annotated histological images with
team members and collaborators, thus shaping an effec-
tive evaluation of biocompatibility for a new candidate
biomaterial for cardiovascular substitutes in a transparent
and comprehensible way. This transparency is crucial for
data reproducibility and the peer review process allowing
colleagues in the field to verify and build upon the find-
ings. Moreover, the open data policy during the PERIKLES
project was recognised by the editorial office of APLMate-
rials. This appreciation underscores the value of open
data practices in enhancing the credibility and impact of
scientific research.
Furthermore, we successfully used the newly installed

OMERO platform for teaching students enrolled in
medicine. Due to its public accessibility and implemen-
tation in the local student e-learning platform OPAL,
students have gained great benefit from using annotated
imaging examples for lectures, practical sessions and exam
preparations. This newly established virtual microscopy
library will be increasingly used for other topics to be
taught as well as for an internal training of employees,
researchers and also for student helpers.
The success of this initiative relied on a close collab-

oration with the I3D:bio project, which supported the
deployment of the OMERO server. This collaboration
served as a use case for I3D:bio, aiming: first, to develop
training material and guidelines for a core facility, and
second to demonstrate the deployment of OMERO in a
microscopy facility with no prior experience in this RDM
approach. Since the I3D:bio project began concurrently
with this collaboration, it was a learning experience for
both parties. On the one hand, the CFCI staff gained
technical knowledge in the operation of OMERO and in
implementing data management concepts from dedicated
training sessions with the I3D:bio team. On the other
hand, the I3D:bio’s teaching evolved as their expertise with
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OMERO grew and benefited from the feedback it received
from the CFCI. This led I3D:bio to publish their training
material11 and develop further open-source projects that
were previously used for the CFCI projects (omero-scripts
CSV, simple_omero-macro).
Projects like I3D:bio will continue to develop train-

ing materials and conduct workshops on a larger scale
to train core facility personnel in implementing and
using OMERO. Unfortunately, I3D:bio will not have the
resources in the future to support additional facilities
as intensively as it was done with the CFCI and its
pilot projects. Therefore, it is crucial here to emphasise
the urgent need for dedicated personnel specialising in
a data management at core facilities. These individu-
als will need to take over the task of supporting local
projects with data management, while remaining con-
nected to the broader data management community for
further advising, training and sharing their expertise.
Besides support through I3D:bio, the currently developing
National Research Data Infrastructure (NFDI) provides
resources and data stewardship to support researchers and
core facilities in bioimaging research data management
(nfdi4bioimage.de/help-desk). To upscale the successful
implementation of OMERO, the CFCI imaging facility
could serve as an interface for building a datamanagement
system following the FAIR principles on the entire campus
of the Faculty ofMedicine of the TUDresden.With the suc-
cessful initiation of OMERO for slide scanner data, many
users already benefited from our developed templates15

and Python scripts. This approach will be further devel-
oped for othermicroscopy systems and techniques tomake
it as easy as possible for future users to smoothly adopt
OMERO with maximum functionality.
In summary, the CFCI is ideally positioned for the

successful implementation of this pilot project due to
its structural integration within the Faculty of Medicine,
its personnel expertise in the field of light and electron
microscopy, and its existing network structures. To achieve
the necessary subsequent faculty-wide scaling to a mul-
tiuser environment, it is essential to secure personnel
infrastructure and the associated IT resources. This must
be aligned with central faculty decisions in the field of
research data management.

7 CONCLUSIONS

Implementing a professional RDM system presents chal-
lenges, primarily due to the time and expertise required
from researchers and core facility staff. Local support by
imaging facilities and IT specialists, and tailored solu-
tions are crucial for the effective integration of RDM
into research workflows, thus ultimately contributing to
the advancement of open science and data-driven dis-

coveries. With our experiences and procedures during
the whole process ranging from administrative issues,
including installation processes, workflow developments
and image processing up to publication, other local and
national bioimaging communities will certainly benefit by
setting up their own OMERO instance.
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