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Two routes to FAIR data: prevent and repair (we do both)

O O O O

Ex-post

FAIRification

Repair afterwards

FAIR by design

Prevent the gaps

Instrument

Files and notes, no
structure

Experiment described
before it runs
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Facility

Stored as is

Metadata and content-
based ID attached on
ingest

Analysis

Steps documented
later

Provenance recorded
by the workflow

Repository

Metadata
reconstructed by
curation or algorithms

Deposited with
identifiers



From the bench towards EOSC

Route up
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Candidate nodes: EOSC Life Sciences Connect (ELIXIR, Euro-
Biolmaging, Instruct, EMBL) and SURF How data and/ or metadata made at

the bench reaches them?
Euro-Biolmaging EUR@; BIOIMAGING

European (ESFRI) imaging infrastructure and a partner in EOSC Life
Sciences Connect

Advanced NL Microscopy node /\
&N €0SC Node | SURF

Dutch national node, through NL-Biolmaging e, s _
& ‘ NL-BIOIMAGING AM The Netherlands

Dutch ICT cooperative for
research and education, running a
candidate national EOSC node

Leiden Cell Observatory

BIO-CODES and FAIA are developed here, with Leiden University \/

Researchers at the bench
Users of the facility: no contact with EOSC today

We work in the lowest layer, trying to

connect upward
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From microscope to phenotypic profile

» O 4 Profile

Result metadata

E 1 Screen design [ Z ) 2 Acquisition » (I) 3 Analysis

Experimental metadata Acquisition metadata Analysis metadata

Cell line, culture, staining Microscope and objective Software and versions Features per cell and well
e  Compounds, CRISPR or e  Channels, filters, e  Workflow and ¢ Normalisation and hit
SiRNA exposure parameters calls
e Doses and treatment e  Pixel size, plate, well, site e Segmentation models e Links to omics data
times e Time points (live cell) e  Quality control flags e  Persistent identifiers

e Plate layout (well map)

Completed today by Completed today by Completed today by Completed today by

m {b Instrument } {(I) Workflow } ["% Human + workflow J

Humans are still heavily needed mainly where the biology is described and interpreted
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From human-led to Al-driven metadata
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Human-led Al-assisted Al-driven lab
HUMAN » HUMAN » HUMAN
Describes the experiment in Speaks, reviews and confirms Sets goals and reviews exceptions

templates and forms

MACHINES Al Al AND AUTOMATION

Capture instrument and workflow Turns speech into structured Runs experiments and records

metadata metadata and checks that nothing their metadata as they happen
is missing

Human effort shifts from filling in metadata to setting goals and checking results
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Layer 1: the pipeline, instrument-up

© 6 O o6 o0

Design = Acquire =» Ingest = Analyse = Publish
MIHCSME template Instrument OME-TIFF / OME- Galaxy workflows Biolmage Archive
ISA + REMBI Plate and well Zarr Provenance tracked IDR

layout OMERO

FAIR by design across all five stages

Each stage captures structured metadata and hands it to the next, so nothing has to be reconstructed later.
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LAYER 2 - THE GAP

The same image has no shared identity across
raw data, repository and publication.

Raw data Repository copy Published figure

No shared identity No audit trail Lost provenance
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BIO-CODES: content-based identifiers

ISCC:KED572P4A0F5K6QXQA4T60OJDS...

Generate Store
Automatically, at the point of In OMERO, now next to the
acquisition MIHCSME metadata but later

linked.

Status: design and proof of concept. The OMERO integration is a beta version.

BIO-CODES - Horizon Europe OSCARS - with ISCC Foundation and German Biolmaging - bio-codes.io
https://www.youtube.com/watch?v=2KtESmsUhtU
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International Standard Content Code (ISO 24138),
derived from the data itself

Follow

To the repository and into the
publication

12 OSCARS

° ®.® Open Science Clusters’ Action
(1))
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Layer 3: FAIA, declaring Al involvement

BIO-CODES FAIR Al Attribution  “thg

Which exact data is this? o Did Al create or touch it, and how?

Content-based identity (ISCC) Linked to the ISCC, signable

O- 0- 0O-

Dataset or image ISCC fingerprint Signed declaration BIO-CODES and FAIA
registries

* X %
* EU %
* Al *
* ACT 4

* o *

Status: Applying FAIA to bio-imaging data is the next step in collaboration with Leiden University.

FAIA - FAIR Al Attribution - faia.liccium.com SI D N fonds

TOPSECTOR
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Beyond bioimaging: tools for FAIR Digital Objects
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‘9 Identifier E Metadata Content Q Provenance

ISCC MIHCSME OME-Zarr Galaxy and FAIA

ISO 24138, computed from An ISA-based template Chunked n-dimensional Cross-disciplinary

any digital asset pattern: swap in each image arrays workflows, and Al

field's own descriptors declarations for text,

images, audio, video and
datasets

The domain part is a template. The automation around it is generic.

Image analysis in Galaxy already serves bioimaging and Earth observation.
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What it takes for the facility: cost and effort

© © O

People Training IT Governance
infrastructure

Data stewardship for Researchers and OMERO, storage, Templates, SOPs and

the platform facility staff compute and backup policy kept current
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Researcher
effort

Describing the
experiment before it
runs
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What could EOSC help with?

O

ASK 1

ISCC adoption

O

In EOSC services and in Euro-Biolmaging, so
data keeps its identity.

WHERE IT PLUGS IN

© -

Instrument OMERO
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Galaxy workflows

ASK 2

FAIA-aware registries

Registries that store and resolve Al-attribution
declarations.

—)

EOSC federation
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Take-home messages

* FAIR by design is automation moved upstream, and it complements ex-post
FAIRification.

0 Three layers: standards at the instrument, identity at acquisition, attribution
for Al.

The cost is people, training and infrastructure. EOSC can help for instance
‘@8 Wwith ISCC adoption and FAIA-aware registries.

FAIR by design at the bench - EOSC Symposium 2026

14



