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Acronyms and Abbreviations

Al Artificial Intelligence

BMZ Biolmage Model Zoo

DL Deep Learning

DMP Data Management Plan

FAIR Findable; Accessible; Interoperable; Reusable
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Executive Summary

The Al4Life project aims to facilitate the use and utility of Artificial Intelligence (Al) in the
life sciences by ensuring that data and Al models are Findable, Accessible, Interoperable,
and Reusable (FAIR). In this way, the project aligns with the FAIR principles to enhance
data management and maximise the impact of trained Al methods to facilitate biological
research outcomes. This deliverable provides a comprehensive overview of the
guidelines and FAIR resources developed and created by the Al4Life consortium to
achieve the consortium’s objectives.

1. Objectives of Al4Life

Al4dLife seeks to integrate advanced Al methodologies with bioimaging technologies to
address critical challenges in the life sciences. By leveraging cutting-edge Al techniques,
the project aims to improve data analysis, foster collaboration, and drive innovation
across various biological and medical research domains. The primary goals of Al4Life are
to:

Democratise the availability of Al-based image analysis methods.

Simplify model deployment, sharing, and dissemination through a new
developer-facing service.

Empower common image analysis platforms with Al integration.

Establish standards for the submission, storage and FAIR access.

Organise Open Calls and Challenges for image analysis problems.

Organise outreach and training events, i.e., image analysis courses/workshops and
participation in international conferences.
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2. Alignment with the FAIR Principles

The FAIR principles serve as the cornerstone of the Al4Life project, guiding the
development of data management and sharing practices that ensure longevity and
broad usability. The consortium has focused on:

e Findability: Creating robust metadata standards and searchable databases to
enable researchers to locate relevant datasets and trained Al models easily.

e Accessibility: Ensuring data and models are readily available through open access
platforms while maintaining appropriate integration checks.

e Interoperability: Developing compatible data formats and interfaces that directly
integrate existing tools and systems.
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e Reusability: Establishing comprehensive documentation and licensing protocols to
facilitate data reuse in future research.

3. Description of work

Within the Al4Life consortium, we have, from day 1, established an entirely FAIR
mentality. This means that virtually everything we are working on is either ab initio
openly available according to the FAIR guidelines or will be made publicly available when
reaching a publishable state. The Al4Life website (https.//aidlife eurobioimaging.eu/) or
the Biolmage.lO GitHub community (https://github.com/bioimage-io) are the central

access points.

While we strictly adhere to FAIR guidelines in our own work, we are also committed to
actively developing and refining these guidelines for the broader community. Our
project deliverables and outputs are intentionally crafted to be open and FAIR, ensuring
they provide maximum benefit to both our users and the developer communities we
support.

In this section, we are, therefore, pointing to both types of outputs, FAIR guidelines and
FAIR resources and documents.

3.1 Guidelines Developed by the Consortium

The Al4Life consortium has collaborated extensively to formulate guidelines that
operationalise the FAIR principles within the context of Al and bioimaging. These
guidelines, published on EAIRsharing, provide the foundation for creating open and
interoperable tools and datasets. Key guidelines include:

e Biolmage Model Zoo (BMZ) model specification: Available on GitHub and through
the FAIRsharing record, published here: https://fairsharing.org/5644. The model
specifications define a standard format for trained Al models to be documented,
cross-compatible with bioimaging tools (i.e., the community partners), assessed
and disseminated through the Biolmage Model Zoo.
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GENERAL INFORMATION

‘ Biolmage Model Zoo specification (bioimageio.spec)

| OPEO®

@) Awaiting DOI

Description This record references the standard format defined by the bioimage.io community for the content (i.e., models, datasets
and applications) in the bioimage.io website. Each item in the content is always described using a YAML 1.2 file named
rdf.yaml or bioimageio.yaml. This rdf.yaml / bioimageio.yaml file — along with the files referenced in it — can be
downloaded from or uploaded to the bioimage.io website and may be produced or consumed by bioimage.io-compatible
consumers (e.g., image analysis software like ilastik).

Type Model and format

Registry Standard

Homepage https://github.com/bicimage-io/spec-bioimage-io
Year of Creation 2022

Maintainers thefynnbe , beatriz.serrano.solano

Countries developing Germany, ltaly, Portugal, Spain, Sweden

this resource

Subjects Artificial Intelligence | Life Science J Biology
Domains Modeling And Simulation
Taxonomic Range 0

User Defined Tags N/A

e Guidelines for Al-ready Datasets
o Manuscript: Metadata, Incentives, Formats, and Accessibility (MIFA), under
review in Nature Methods. Preprint: https://arxiv.org/abs/231110443
o FEAIRsharing record: https://fairsharing.org/5639
work with the MIFA m

https://aithub.com/Biolmage-Archive/bia-mifa-_models

o hem nd m

MIFA ( ives, , and A ibility) (MIFA)
o &) Awaiting DOI
O®GOEE®®
Type Reporting guideline
Registry Standard
Description MIFA is a set of guidelines to support sharing of data annotations in biological imaging. Its guidance includes standards
on data formats, metadata, data presentation and sharing, and incentives to generate new datasets.
Homepage https://arxiv.org/abs/2311.10443
Year of Creation 2023
Maintainers matthewh, beatriz.serrano.solano . teresa zulueta.coarasa
Countries developing Czech Republic, France, Germany, Italy, Spain, Sweden, United Kingdom, United States

this resource

Subjects Artificial Intelligence J| Computational Biology X Biology

Taxonomic Range m

User Defined Tags N/A
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o BMZ data specification: Available on GitHub. These specifications allow for
the creation of centralised data collections in the BMZ that associate

publicly available datasets and the corresponding models trained on them.

e Guidelines for community partners: the community partners of the Biolmage
Model Zoo are usually, an organization, a company, a research group, or a
software team (of one or more) that can consume and/or produce resources of
the Biolmage.lo model zoo. While their tools are not required to be open source
(e.g., commercial microscopy imaging software), their model contributions to the
zoo have to be freely available, disseminated primarily through the zoo and
interoperable with the rest of the community partners. These guidelines are

meant to enable the widespread adoption of Al4Life tools while maintaining the
FAIR principles.

3.2 FAIR Resources by the Al4Life Consortium

Our consortium created and operates on a BiolmagelO Organization on GitHub that
serves as the umbrella for the components in the "Biolmage.lO ecosystem”, where we
are hosting the software resources of Al4Life, such as the BioEngine, the Biolmage Model
Zoo, the Biolmage ChatBot and the BiolmagelO Colab, among other accessorial
packages. Below we highlight additional FAIR Resources by the Al4Life Consortium:

e Biolmage Model Zoo (BMZ):

Virtual Infrastructure to host and serve pre-trained Al models, data and APIs such
as Python notebooks,: https://bioimage.io/#/. The BMZ provides a free browser
based infrastructure for the interactive dissemination of Al models for bioimaging.
Thanks to the specification standards developed in Al4Life (e.g., model
specifications), (1) the models are fully documented (Findable for non-expert
life-scientists); (2) freely available (Accessible worldwide for their practical use); (3)
they are cross-compatible with the community partners’ software (Interoperable
with the tools in the life sciences community); and (4) deployable through
user-friendly tools (Reusable by non-expert life-scientists). Additionally, the
entire development of the Biolmage Model Zoo is fully open through GitHub.
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e The Bioimage Model Zoo FAIRsharing record:
h //fairsharing.or 22
—_ % Blolmqge'lo Biolmage Model Zoo (Biolmage.10)
w
—
d) Awaiting DOI
Type Repository
Registry Database
Description The Biolmage Model Zoo is a community-driven, fully open resource where standardized pre-trained models can be
shared, explored, tested, and downloaded for further adaptation or direct deployment in multiple end user-facing tools
(e.g., ilastik, deeplmagedJ, QuPath, StarDist, ImJoy, ZeroCostDL4Mic, CSBDeep). To enable everyone to contribute and
consume the Zoo resources, we provide a model standard to enable cross-compatibility, a rich list of example models and
practical use cases, developer tools, documentation, and the accompanying infrastructure for model upload, download
and testing.
Homepage https://bicimage.io/#/
Year of Creation None found
Maintainers beatriz.serrano.solano
Countries developing Germany, Italy, Portugal, Spain, Sweden
this resource
Domains Scimaging .
Taxonomic Range o
User Defined Tags N/A
e Open BMZ Meeting Minutes:
https://github.com/bicimage-io/bicimage.io/issues/28
e Open Deliverables of the Al4Life Consortium, including:
o Data Management Plans (DMPs): Customised DMPs tailored to the specific
needs of bioimaging data, emphasising compliance with FAIR standards.
o Annotation standards and software, libraries, and reference examples.
o Risk Management Plan
o Dissemination Strategy of news and information of the consortium.
[ J

Training and Support Material: Programs and resources designed to equip
researchers with the skills
FAIR-compliant practices.

and knowledge necessary to implement

o Training materials on the Galaxy Training Network:
https://training.galaxyproject.org/training-material/topics/ai4dlife/

o Al4Life Open Call GitHub page:
https://github.com/aidlife—opencalls

o Technical Documentation of the BMZ and other Al4Life infrastructures:

https://bioimage.io/docs/#/
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o Al4dLife YouTube Channel:

https.//www m 14lif
o Al4Life collection on FAIRsharing.org (gathers all the FAIRsharing records)

}1’; A | 4 L f Al4Life @ @
b I e

Type Collection

Registry Collection

Description This collection includes the repositories, standards and databases provided by the Al4Life consortium.

Organisations Euro-Biolmaging

Homepage https:/#/aidlife.eurobicimaging.eu/

Reference URL N/A

Maintainers beatriz.serrano.solano

Contacts Al4Life management

Domains Microscopy

Taxonomic Range o

User Defined Tags N/A

e Al4Life Zenodo Community: (Open publications, datasets, software, posters, etc.)
https://zenodo.org/communities/aidlife

e Zotero group library: (Collection of all publications that acknowledge Al4Life.)
https://www.zotero.org/groups/5145082/ai4life

e The Biolmage Archive Al Gallery (containing contributions from Al4Life):
https://www.ebi.ac.uk/bioimage-archive/galleries/Al.html

3.3 Impact and Implementation

The Al4Life project catalyses advancements in Al-driven research by making Al-based
image analysis methods more accessible to the scientific community. Researchers can
leverage our tools and infrastructures to gain deeper insights into complex biological
processes and enhance their studies’ accuracy and efficiency.

By democratising the availability of user-friendly Al tools, Al4Life empowers researchers
from diverse backgrounds to utilise state-of-the-art Al techniques without requiring
extensive computational expertise. This is enabled by the resources being freely available
through the BMZ, such as ready-to-be-used (pre-trained) Deep Learning (DL) models,
model running in the browser, and the model runner BioEngine, all being FAIR. One
primary goal was to introduce a level of interoperability between image analysis tools
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and workflows that was only possible after an independent model format was created
and established in the context of the BMZ work conducted in Al4Life.

Hence, establishing standards for content submission, storage, and FAIR access now
promotes interoperability between different research platforms. This standardisation
ensures that data and Al models are easily sharable and reusable, reducing redundancy
and holding the potential to accelerate scientific progress.

Beyond the technical infrastructure, Al4Life has successfully engaged the research
community through Open Calls, Challenges, and training events. These initiatives have
facilitated the exchange of ideas, encouraged collaboration, and inspired novel solutions
to image analysis problems. To maximise the benefit for the global scientific community,
we have made all results that were obtained in such collaborations (e.g., the Open Calls
and Challenges) openly available, including a growing collection of training materials and
tutorials through online platforms, such as the Al4Life YouTube Channel and the Galaxy
Training Network.

4. Conclusion

Al4dLife aims to expand its impact by exploring new avenues for Al integration in the life
sciences. Building on our achievements in democratising access to Al tools, establishing
FAIR guidelines and interoperability standards, and engaging the global research
community. Our efforts focus on enhancing the scalability of Al solutions, fostering
greater interdisciplinary collaboration, and exploring novel applications of Al in various
research areas. We remain committed to driving forward the potential of Al to transform
scientific discovery.
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