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CHALLENGES IN BIOIMAGING {::z:::':OSCARS

Overview IDR website (16-06-2025)
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Rapid growth of bioimaging data presents
challenges in management, integrity, and
reusability.

Lack of standardized identifiers for bioimages
leads to difficulties in tracking, verifying, and
certifying data.

Existing FAIR principles (Findability, Accessibility,
Interoperability, Reusability) are not fully
implemented in bioimaging workflows.

Use of Al in bioimaging requires
transparency in data provenance and
authenticity. o e m_ e e
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Data Shared (Petabytes)
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BIOIMAGING DATA INTEGRITY

Eails]::fbirian of retraction reasons of retracted articles from 2003 to 2022. N Ew Sl-u DT F]NDS M]_KACLE C-UKE ! .‘ .\

Betraction Reason Count (%)

S —— TN ConNTReL GROVP TREATMERNT GRouP
Plagiarism and Duplication 4085 (19.1) =

[nvestigations and Findings 3588 (16.8) ima2aqe

Authorship and Ethical Concerns 1918 (9.0} = .
Misconduct and Fraud 1288 (6.0) hnant Pu\ﬁ"‘ ion .
[mage Manipulation and Fabrication 1092 (5.1} |

Peer Review and Editorial Issues 085 (4.6)

Withdrawal and Retraction Notices 763 (3.6)

[nstitutional and Policy Issues 643 (3.0)

Complaints and Objections 418 (2.0)

Miscellaneous 412 (1.9)

Procedural and Legal Issues 70(0.3)

Total 21422 (100}

Of the 8466 articles identified in the Web of Science, 7375 were successfully
linked with records from the Retraction Watch Database. As each article
may have multiple retraction reasons, a total count of 21,422 for the various
reasons was documented. @enrmaclanad

From Malcolm Koo and Shih-Chun Lin, Helyon 2022 https://medium.com/@erinnacland/a-science-browser-extension-everyone-should-use-b15ad69ad6de
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https://www.cell.com/heliyon/fulltext/S2405-8440(24)14651-8#
https://www.cell.com/heliyon/fulltext/S2405-8440(24)14651-8#

DATA PROVENANCE IN SCIENTIFIC PUBLICATION LACKING
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NEW CHALLENGE: GENAI and SYNTHETIC IMAGES
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What is real (=ground truth) and what is synthetic?

Xiaodan Xing et al, Computers in Biology and Medicine. 2024
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https://www.sciencedirect.com/journal/computers-in-biology-and-medicine
https://www.nature.com/articles/s41377-023-01104-7#auth-Bijie-Bai-Aff1-Aff2-Aff3
https://www.nature.com/lsa

POSSIBLE SOLUTIONS?

® Advanced Data Management
Digitalization, automation, biobanking, large volumes, velocity, bioimaging data,
quality, reproducibility

® FAIR Principles
Findable, Accessible, Interoperable, Reusable, data sharing, Al-driven biomedical
research

® Data Integrity & Provenance
Data integrity, conventional data, Al-generated synthetic data, transparency,
trustworthiness

® Standardized Content Identification
Content-based identifiers, unique identification, deduplication, synchronization,
provenance tracking
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WHAT IS ISCC (INTERNATIONAL STANDARD CONTENT CODE)?

ISO standard (ISO 24138) for content-
derived identification of digital media (text,

images, video, audio, mixed). @'ISCC  THE DNA OF YOUR DIGITAL CONTENT
A composite identifier that exhibits
Similarity—preserving properties ISCC:KADVSPDFXBL7HGBXFFW64KVNP6UGTUZC2CITDBKMFYTTZPLQQVX22F1
Generated directly from the media asset - \ N J
no central database or manual registraﬁon Meta-Code Content-Code Data-Code Instance-Code
needed
ISCC combines cryptographic and similarity Metadata Content Data Data
hashes, enabling: Similarity Similarity Similarity Integrity
’ . 5 . . N J Y,

O Content integrity verification Y Y

. . . . Similarity-preserving hashes Integrity verifying
O Slmllarlty detectlon ©2024 CC-BISATitwsz Pan (SIM hash) checksum (crypto hash)

O Transparent tracking of content
provenance and versions

Source: iscc.io
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EXAMPLE

Image 1 (original; 1024x1024) ->

ISCC:KECSFEDFHVYTLFAWZPRUARXEXGMY XE5MSOLXYTVQWXBUAHATU4YGAZY

Image & (increased contrast; 1024x1024) -> ISCC:KECV74PVOSAT XPCTZPRUARXFXGMYWNLWQDARSCXLTCGATAELZMQTATEA
Image & (56128x5612) ->

ISCC:KECEPMLEXH238XYWAPRUARXFXGMY XQYSZTHZJUSHIGRZGLIIMHSOCYMY

*Note: The Image-Code unit of the ISCC is matching across all 3 image representations



DEFINING IMAGE DATA: A FIRST CHALLENGE

| ® Defining the level of
S R—— granularity for generating
the ISCC is a challenge.
® What is an “image’ in
bioimaging?

experimental runs capturing data at a specific

Source: iscc.io
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BIOIMAGING DATA WORKFLOW
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Image analysis

Adapted from Riccardo Massei at al, Scientific Reports, 2025

Sharing and archiving

When and where should the ISCC

code(s) be generated for the
bioimaging data?
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https://www.nature.com/articles/s41598-025-00720-0#auth-Riccardo-Massei-Aff1-Aff2-Aff3

A SECOND CHALLENGE: MULTIPLE INTEGRATION POINTS
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Lab notes and other
documentation of
experiments.

Cloud Storage

and Archiving

Source: iscc.io
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WHERE TO IMPLEMENT THE GENERATION OF ISCC?

Researcher OMERO Server ISCC Service Scientific Publication External User identifiers.org

Leiden University Infrastructure

1. Upload bicimaging data

2. Detect new upload
-
Generate ISCC

_—

Sign & Timestamp

’ @
4. Access data with I1SCC ’ o n
H ............................................... ’

5. Cite ISCC in publication

3. Write ISCC to metadata

>

6. Read paper with ISCC reference

- Automating ISCC code
7. Resolve ISCC generation at the point of
—— image acquisition
->
Query metadata
‘ COLLABORATION STARTED
R d
siblles WITH NIKON EUROPE BV
9. Verify and provide metadata
‘ Internal University Systems
External Interactions
Researcher OMERO Server ISCC Service Scientific Publication External User identifiers.org

Source: iscc.io
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EXPECTED PROJECT DELIVERABLES 5:::=:::':OSCARS

- Implementing the International Standard Content Code (ISCC) for bioimaging
data (e.g. OME-Zarr) and figure renderings.

- Developing a proof-of-concept integration of ISCC with existing bioimaging
workflows.

- Automating ISCC code generation at the point of image acquisition for better
data traceability (start collaboration with Nikon Europe BV).

- Exploring integration with existing bioimaging metadata standards like RO-Crate
and platforms like OMERO.
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DREAMED OUTCOMES {::::::’:OSCARS

- Standardized content-based identifiers for bioimaging data.

- Improved data integrity, transparency, and reusability.

- ISCC adoption in Euro-Biolmaging and EOSC infrastructures.

- Enhanced Al-readiness of bioimaging datasets for trusted Al applications.

- Integration of ISCC within vendor platforms and research infrastructures.
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Adoption Barrier: Technical complexity may cause delay in adoption by

bioimaging facilities and vendors — Mitigation: Engage stakeholders early,
provide material for simple onboarding.

Technical Integration: Development of ISCC for bioimaging data incl. proprietary
image formats is challenging = Mitigation: Considering dedicated ISCC code
unit for only OME-Zarr (and most common bioimaging formats).
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THE TEAM

Titusz Pan Martin Etzrodt Sebastian Posth Sylvia Le Dévédec Maarten Paul Lennard Voortman Joost Willemse
ISCC Foundation: Leiden University/ LUMC
ISCC technology implementation Imaging core facilities: data producers
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Josh Moore

ACDC/AMC German .
FAIR data Biolmaging/OME NL-E'CH MAG|NG AM
OME zarr developper . .
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