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• Steps are mutually 
interconnected

• Data and Metadata 
produced at each step 
affect subsequent steps

• Desired outcomes 
determine how 
previous steps should 
be performed

Imaging experiments contain multiple 
related steps - starting with PLANNING

REMBIfied from https://doi.org/10.1371/journal.pbio.3002167

Study Design

Image
Acquisition

Image
Data

Image 
Analysis

Sample PreparationData
Interpretation



• Multi-dimensional (XYZCT)
• COMPLEX experimental set-ups
• Proprietary file formats/lack of standards
• TB to PB (continue adding zeros…)
• VISUALIZATION is mandatory
• COMPUTING POWER and SPEED necessary for:

• 3D VISUALIZATION
• PROCESSING and ANALYSIS (including AI/ML)

• METADATA is essential

11866 levels of gray

2119 levels of gray

3-colors XYZ image

Kidney, 1.5 
microns

Actin DAPIMembranes

BioImage Data



Bioimages: complex data and metadata

Moore and Kunis, 2024; https://doi.org/10.5281/zenodo.11235513



Most of the world’s
bioimaging data lacks a
clear path to being FAIR 
and potentially  shared

Most of the world’s bioimage data is not 
FAIR and is not ready to be shared

… hidden treasure

Available FAIR 
bioimage data…

•Lost/Misplaced/Fragmented

•Poorly annotated

•Insufficient metadata

•Poorly managed

Moore and Kunis, 2024; https://doi.org/10.5281/zenodo.11235513



Image 
Data 

Internet

Federated Network 
of Image Data 
Repositories

Generation of 
bioimage data that 

is FAIR from the 
ground-up

Data Management and Sharing
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All information that is 
needed to interpret, 
evaluate the quality 
reproduce and share 
microscopy images

Nature Methods FOCUS issue on Reporting and Reproducibility in Microscopy: 
https://www.nature.com/collections/djiciihhjh 

Image Metadata

© Thao Do (Allen Institute, Seattle, WA, USA)

• Sample preparation
• Image Acquisition

• Hardware configuration
• Acquisition setting
• Quality Control

• Image data processing 
and analysis

https://www.nature.com/collections/djiciihhjh


https://www.nature.com/collections/djiciihhjh

Image Metadata

Experimental and 
Sample Metadata

Microscopy 
Metadata

Analysis and 
Visualization 

Metadata

Image Metadata is key for producing 
high-quality FAIR data



Where is bioimage metadata?

PIDs can help 
maintain links 
between 
different 
essential 
information



● Notebooks (Paper or 
ELN)

● Excel sheets
● Word docs etc.

● Log files
● Proprietary Image files
● OME-TIFF (via 

BioFormats)
● Microscope hardware 

descriptions
● Personal notes during 

acquisition

● Log files
● Personal notes
● Script/Workflow/Pipe

line code
● Often not reported

Experimental and 
Sample Metadata

Microscopy 
Metadata

Analysis and 
Visualization 

Metadata

Fragmentation is the enemy
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Take home: data FAIR-ification cannot 
be done in isolation

Icon attribution: xnimrodx and juicy_fish

Community 
Guidelines, 

Specifications 
and Tools

Local 
expertise



India 
Bioimaging

Standards Organizations
Manufacturers

China 
Bioimaging

Image credit: https://quarep.org

BINA belongs to a network of international 
organizations spanning the globe



QUAREP-LiMi: industry and academia to promote 
quality, reproducibility and sharing-value

Summer 2023
525 members

2025
> 600 members

Membership growth Membership composition



Advocacy efforts: promoting strong 
policies and sufficient funding

Stakeholder workshop
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DATA PROVENANCE

Microscopy metadata: describing image acquisition

Repository



Image Acquisition Metadata: Hardware, Settings and 
QC



QUAREP - Metadata for cameras – we did not start from 
scratch
Community standards: LiMi-Model Metadata 
Specifications to expand the OME-data model
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QUAREP - Metadata for cameras – we did not start from 
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Now the official host and 
responsible party!

Community standards: Light Microscopy Model (LiMi-Model) 
Metadata Specifications to expand the OME-data model
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QUAREP - Metadata for cameras – we did not start from 
scratchLiMi-Model of Metadata Specifications

● Hosted and maintained by 
QUAREP-LiMi

● Covers hardware 
configuration, image 
acquisition settings and 
quality control metadata

● Revision process codified by 
Best Practices document

● Large community of imaging 
scientists, microscopy 
experts, manufacturers and 
standards organizations 
stakeholders

https://quarep.org/working-groups/wg-7-metadata/
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QUAREP - Metadata for cameras – we did not start from 
scratchQUAREP-LiMi: WG2 and WG7 partnership



QUAREP - Metadata for cameras – we did not start from 
scratch
Community standards: Light Microscopy Model (LiMi-Model) 
Metadata Specifications to expand the OME-data model

37Hammer et al. (2021) Nat Methods;  
https://doi.org/10.1038/s41592-021-01327-9 

https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
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https://doi.org/10.1038/s41592-021-01327-9
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QUAREP - Metadata for cameras – we did not start from 
scratch

38Hammer et al. (2021) Nat Methods;  
https://doi.org/10.1038/s41592-021-01327-9 

Image Acquisition
LiMi-Model (aka 

NBO-Q)
Hardware, Acquisition 

Settings and QC

Community standards: Light Microscopy Model (LiMi-Model) 
Metadata Specifications to expand the OME-data model

https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
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QUAREP - Metadata for cameras – we did not start from 
scratch
Community tools: Micro-Meta App can be used to 
capture NBO-Q Image Acquisition metadata

Image Acquisition
LiMi-Model



● NIH 4D Nucleome 
● BINA
● Canada BioImaging
● NIH HuBMAP & SenNet
● RIKEN
● Inscoper
● Pending: Brain Image 

Library, others? Data Resource Center @

Who is using LiMi-Model and/or 
Micro-Meta App?



Ø January – August 2022: 10+ focused 
feedback sessions to build consensus

Ø Completed first parsing of camera 
hardware specifications and image 
acquisition settings!

Ø Due soon: Revision of 4DN-BINA-OME-
QUAREP Camera Metadata model + 
vocabulary

Governance gives a path forward: new version LiMi-
Model in partnership with key stakeholders
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Where is bioimage metadata?

PIDs can help 
maintain links 
between 
different 
essential 
information



“Research labs and facilities
create a LOT of data”

Data often goes into the basement

(basement)

Data

(Badly labeled, lucky if it gets its 
own bin, often sharing space with 
unrelated data)

Facilities have “meta-basements” 
• Digital drives
• Physical spaces
• Internet spaces

Data is easily stored, not so easily remembered and retrieved



“PIDs as the primary
Instrument for 

Discovering and
Accessing data”

Persistent Identifiers (PIDs)

Like an inventory system: everything you need to find gets labeled

Product Number
Serial Number
Location

Product Number
(Class)
Multiple instances

Serial Number
(Object)
Specific Instance

Location
(Category)
Specific/Reusable



PID“PIDs as the primary
Instrument for 

Discovering and
Accessing data”

Persistent Identifier

Persistence: works beyond a given system or platform
Examples: RRID, ROR, ORCID, DOI, ARK, etc.

“FAIR Facilities and Instruments” Project:
• U.S. National Science Foundation (NSF) Findable Accessible Interoperable Reusable 

Open Science (FAIROS) Research Coordination Network (RCN) (NSF Awards 2226396, 
2226397, 2226398)



● PIDs are unique alphanumeric codes 
that can be assigned to individual 
resources.

● They are often associated with 
metadata registries describing the 
entities they refer to.

● They are often “minted” by an 
authority that is responsible for their 
preservation.

● They resolve to lasting landing pages.
● Different PIDs are recommended for 

different types of resources

What are Persistent Identifiers?



PIDs are used to link people and research 
resources to data and publications

People 

Institutions 

Tools and 
facilities 

Datasets and 
publications

Instruments



PIDs are used to link people and research 
resources to data and publications

People 

Institutions 

Tools and 
facilities 

Datasets and 
publications

Instruments

Imaging-Persistent 
Hardware Descriptors



Persistent Hardware Descriptors help 
making data FAIR

Linked PIDs for 
• Instrument instance
• Instrument model
• Hardware 

configuration



Core Marketplace + RRID: supporting the 
persistent identification of core-facilities



Core Marketplace + RRID: supporting the 
persistent identification of core-facilities



PIDINST: Metadata schema for the 
persistent identification of instruments

https://www.pidinst.org/

https://www.rd-alliance.org/groups/persistent-
identification-instruments-wg/activity/



Imaging-PHD: Combining complementary 
resources to build new functionalities

https://docs.pidinst.org/en/latest/

https://coremarketplace.org https://doi.org/10.1038/s41592-021-01327-9

10.5281/zenodo.1126501610

https://wu-bimac.github.io/MicroMetaApp.github.io/

https://zenodo.org/doi/10.5281/zenodo.11265016


NGM facilitates getting the full 
technical descriptions of 
microscopes from vendors

Moore and Strambio-De-Castillia, 2024; 
10.5281/zenodo.112650161

https://zenodo.org/doi/10.5281/zenodo.11265016
https://zenodo.org/doi/10.5281/zenodo.11265016
https://zenodo.org/doi/10.5281/zenodo.11265016
https://zenodo.org/doi/10.5281/zenodo.11265016
https://zenodo.org/doi/10.5281/zenodo.11265016
https://zenodo.org/doi/10.5281/zenodo.11265016


The team and the community
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Labs and Core Facilities have different overlapping 
needs for the Instrument Data Management

?



Metadata is Scattered

● Critical imaging metadata is stored across 
disparate locations (files, devices, 
documents).

● This fragmentation hinders reproducibility, 
reuse, and proper attribution.

What Are Persistent Identifiers (PIDs)?

● Unique, long-lasting digital codes assigned 
to entities like instruments, datasets, and 
people.

● Maintained by trusted authorities and resolve 
to stable landing pages with rich metadata.

Why PIDs Are Essential

● Linking: Connect hardware, datasets, 
publications, and contributors.

● Preservation: Maintain long-term 
accessibility and integrity of research assets.

Persistent Hardware Descriptors: make live 
easier for cores and labs



Christmas tree decoration

Model nr. 001 Model nr. 002 Model nr. 003 Model nr. 004 Model nr. 005



Model nr. 002

Model nr. 002
Serial nr. 001

Model nr. 002
Serial nr. 002

Model nr. 002
Serial nr. 003

Model nr. 002
Serial nr. 004

Christmas tree decoration



Model nr. 002

Model nr. 002
Serial nr. 002

Model nr. 002
Serial nr. 002
Config nr. 001

Model nr. 002
Serial nr. 002
Config nr. 002

Model nr. 002
Serial nr. 002
Config nr. 003

Model nr. 002
Serial nr. 002
Config nr. 003

Year 2 Year 5 Year 
10

Christmas tree decoration



Model nr. 
001

Model nr. 
002

Model nr. 
003

Model nr. 
004

Model nr. 
005
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Model nr. 002
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Model nr. 002
Serial nr. 004

Model nr. 002
Serial nr. 001

Model nr. 002
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Model nr. 002
Serial nr. 003

Model nr. 002
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Christmas tree decoration



PIDINST metadata

LiMi-Model



Light Microscopy
 metadata

LiMi-Model

PIDINST metadata



Light Microscopy
 metadataPIDINST metadata

LiMi-Model



Light Microscopy
 metadata

2
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PIDINST metadata

LiMi-Model



Light Microscopy
 metadata

2
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PIDINST metadata

LiMi-Model

Core Facility à RRID: SRC_XYZQ
Model à RRID:SRC_XYZW

Instance à PIDINST:10.1000/XYZ-
Hardware Descriptor à PHD: 10.1000/XYZ



Capturing, registering, and reusing persistent hardware 
metadata across the research lifecycle.

Deliverable - Micro-Meta Platform 
Workflow and Architecture



FAIR Facilities and Instruments: 
PID recommendations
1. Flexible PID 

recommendations: based on 
the requirements of different use cases and 
different scientific domains

2. Capability of assigning 
PID in different tiers. For 
example:

1. Core Facilities
2. Instrument Model/Type
3. Instrument Instance
4. Descriptor (Hardware Configuration / 

Settings / Parameters)

3. PID concatenation

4. PID connection



FAIR Facilities and Instruments: 
PID recommendations

1. Facility PID

2. Model PID

3. Instance PID

4. Hardware 
Descriptor PID

1. Flexible PID 
recommendations: based on 
the requirements of different use cases and 
different scientific domains

2. Capability of assigning 
PID in different tiers. For 
example:

1. Core Facilities
2. Instrument Model/Type
3. Instrument Instance
4. Descriptor (Hardware Configuration / 

Settings / Parameters)

3. PID concatenation

4. PID connection



PIDINST implementations

1. ePICà Handle.net
• PIDINST schema
• How does it work to request ePIC PIDs?
• What is the authority?
• What is the relation between B2INST and ePIC?

2. DOI/DataCite
• PIDINST schema mapping not ideal:

• Issue with Model
• No dedicated ModelIdentifier

3. Alternatives?
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