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Bioimages: complex data and metadata

Diversity in imaging
applications/modalities

Single wavelength 30 stack

Multiple wavelength 20 frames
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Microscopy Core Facilities

Full-service core-facilities

* Digital pathology
(brightfield and
fluorescence slide
scans)

« Spatial omics

- Multiplexed FISH/RNA
Scope

Researchers using microscopes at
core-facilities and in individual labs

=, « Widefield microscopy
| <g,g « Confocal microscopy
T = « Super-resolution

- £

N

MICroscopy
* Live-cell imaging

Multiple production sites

Diverse samples +
experimental conditions

Thousands of diverse
microscopes with multiple
parts

Multiple modalities

>150 file formats

1B, PB, ...

Multiple analysis software

Need to integrate with other
data-types



Biolmage Metadata

All information that is
needed to interpret,
evaluate the quality
reproduce and share
MICroscopy Images

- Sample preparation

- I[mage Acquisition
- Hardware configuration
- Acquisition setting
- Quality Control

- Image data processing
and analysis

© Thao Do (Allen Institute, Seattle, WA, USA)
Nature Methods FOCUS issue on Reporting and Reproducibility in Microscopy:

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



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

Image Metadata is key for producing
high-quality FAIR data

Analysis and
Visualization
Metadata

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




Fragmentation is the enemy

Sample preparation

P
— =
Analysis and
Visualization
Metadata
« Notebooks (Paper or o Logfiles o Log files
ELN) » Proprietary Image files o Personal notes
o Excel sheets o OME-TIFF (via « Script/Workflow/Pipe
« Word docs etc. BioFormats) line code

Microscope hardware « Often not reported

[ ]
descriptions
.o o Personal notes during
W acquisition Step 1 Step 2 Step 3
O M E TI F F Component 1 Componentz Component3
\
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Take home: data FAIR-ification cannot
be done in isolation

Community

| ocal Guidelines,
expertise Specifications
and Tools

e

Icon attribution: xnimrodx and juicy_fish



L Biolmaging North America e

Mission: Engaging bioimaging scientists across North
America by creating an inclusive and supportive
community to share, advance and succeed together.

Events and Newsletter each month!

8 Working Groups: Builders, , Corporate
Partners, Diversity, Equity & Inclusion, Early Career, Image
Informatics, Quality Control & Data Management, Training &
Education

www.BiolmagingNorthAmerica.org/join
@ contact@bioimagingna.org y@BioimagingNA




Caterina Strambio De ; . NS
Castillia Basnd )

UMa an Medical School

Eduardo Brito ) James Chambers
Alarcon | Judith Lacoste
2 ! Memb.

MIA Cellavie Inc

Alex Corbett 7 - Roland Nitschke
Member Member Member

University of Freiburg

ADDRESSING

THE

Quantitative assessment and calibration of L S
ELERPHANT

microscope performance, IN' THE ROOM
Rigorous record-keeping of data generation and = /NS
processing conditions

Connection of imaging dataset with machine-readable metadata describing its
“provenance.”
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Quotes from Past Exchange of Expe’i’énce‘Participants: )

e “Wonderful experience! Thank you so much for organizing!” ~Anonymous, PoP-Up EoE
participant

e “Thank you for an amazing two days!" ~Anonymous, PoP-Up EoE participant

» “This was a wonderful experience and | really appreciate the organizing staff for their
thoroughness and thoughtfulness.” ~Anonymous, PoP-Up EoE participant

‘It was an amazing experience and | am very grateful for being part of this community.
| learned a lot, not only during the conference, but watching [the communications] and
logistics.” ~Anonymous, PoP-Up EoE participant

Pop-Up EOE, @

Pop-Up EoE, @ ABRFE

Pop Up EoE at LABIXBINA



https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
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https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
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BINA does not stand in isolation

Biolmaging % -
4 North America - @‘

Image credit: https://quarep.org ‘@ @ \



BINA partnerships with other consortia
and manufacturers

The Human BioMolecular Atlas Progral

N

m
\-

§_ Biolmaging

North America] %’@‘

Laboratora aioa e Miscopia hanzata

¥ 10
(=]

‘

ﬁ Jfeica  Manufacturers EY'PENT

,,,,,,,,,,,, OLYMPUS y;
Standards Organizations R . ~) Nikon
@ AIST Tz WIF Qe ep@dn Rowmety Gumeren
NPLE LT onvor— 8 EEEN- EEEN-- pco. @
o ngl_fggdnl c°°' D . GATTA S HAMAMATSU Tlfbidi :: —— M zrzinuser
150 DIN| BRISE pons

¢ Wscentica S o geme [GFEE | IMage credit: https://quarep.org ‘@ @ \



BINA belongs to a network of international ‘g

organizations spanning the globe
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Microscopy metadata: describing image acquisition

image fluorescence
data microscopy
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Image Acquisition Metadata: Hardware, Settings and

QC

Image Data
analysis

Sample preparation

@4 -
el

Experimental &
Sample metadata

pTTTTTTITTITmommos e Microscopy Metadata I‘ """"" PRSP SRR -
: Provenance ' i Quality Control 5

: Microscope Hardware  Image Acquisition , Optical Calibration I

. Specifications: Settings * Resolution characterization nl |

. * Microscope modality and  * Acquisition settings « Chromatic registration

i configuration * Arrangement of parts | « lllumination uniformity sBE

: » Hardware components i i

5 - Image Structure Intensity Calibration v )
5 * Pixel size * lllumination power Mechanical calibration
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Community standards: Microscopy Metadata

Specifications to expand the OME-data model

Comment
3 Dec 2021
Nature Methods

BioImaging
North America

Towards community-driven metadata standards for light microscopy: tiered
specifications extending the OME model = =

Rigorous record-keeping and quality control are required to ensure the quality, reproducibility and value of imaging
data. The 4DN Initiative and BINA here propose light Microscopy Metadata Specifications that extend the OME Data =
Model, scale with experimental intent and complexity, and make it possible for scientists to create comprehensive
records of imaging experiments.

sy e b e

Mathias Hammer, Maximiliaan Huisman ... Caterina Strambio-De-Castillia

-

Image Data
analysis

Sample preparation
f »
o L

Experimental &
Sample metadata

T T e | Microsco Metadatal‘ """""""""""""""""""""" :
5 Provenance e Quality Control ]

i Microscope Hardware  Image Acquisition Optical Calibration n
|

Specifications: Settings + Resolution characterization
1 * Microscope modality and  * Acquisition settings » Chromatic registration
i configuration * Arrangement of parts | « Illumination uniformity

* Hardware components
- Image Structure Intensity Calibration
* Pixel size * [llumination power

* Number of pixels, . it
focal planes, channels IIIum!nat!on wavg!ength
¢ lllumination stability

and timepoints
* Detector performance

Mechanical callbratlon
* Repeatability
* Reproducibility

« Stability (settling time)

* Dimension order

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

QUAREP-LiMi

(OMOM
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Community standards: Microscopy Metadata

Specifications to expand the OME-data model

Comment Towards community-driven metadata standards for light microscopy: tiered ' <2 : )
3 Dec 2021 specifications extending the OME model = M
Nature Methods Rigorous record-keeping and quality control are required to ensure the quality, reproducibility and value of imaging = : g e

data. The 4DN Initiative and BINA here propose light Microscopy Metadata Specifications that extend the OME Data s X

Model, scale with experimental intent and complexity, and make it possible for scientists to create comprehensive A ./b

vy e b an

records of imaging experiments.

Mathias Hammer, Maximiliaan Huisman ... Caterina Strambio-De-Castillia
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Community tools: Micro-Meta App can be used to

capture NBO-Q Image Acquisition metadata

Brief Communication Micro-Meta App: an interactive tool for collecting microscopy metadata based on
Open Access community specifications

3 Dec 2021 Micro-Meta App is an intuitive, highly interoperable, open-source software tool designed to facilitate the extraction
Nature Methods and collection of relevant microscopy metadata as specified by recent community guidelines.

Alessandro Rigano, Shannon Ehmsen ... Caterina Strambio-De-Castillia

Microscope Name: 1-2-2_STRAMBIO_TESM_03312
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Who iIs using NBO-Q and/or

Micro-Meta ApDp?
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Community standards: Microscopy Metadata

Specifications to expand the OME-data model

NBOA:
hAl%%g ; AOTF 4 _ Subclass of:
a IERRRREERMEERG? NBOA: Acousto-
XYZ: Objective Subclass of: optical device
lens NBOB: Stage Subclass of:

NBOB: = NBOA: Electro-
: o3 Zelolltle)y  Subclass of: NBOB: Sample P=a optical device
Equivalent to:", device positioning . %
\ NBOB: L + Subclass of:
N Stage insert ey a NBOA:
. OME - [ LCTF NBOA:
4DN-BINA OME i - Lignht source b . ; L LSRR Pinhole
Calibration and \ / .//// NngBe'n?l‘r);lcal - Subclass of:
performance OME: Objective -
extension R

& NBOA: Confocal
NBOC: Intensity / : NBOB: Lens Subclass of: /|
calibration tool @ OME: Detector Subclass of:_ - - '

/

.
=l v Subclass of: 7
NBOC: Light o N NBC?B: Tube M s NBOAd K ! Subclass of:
sensor ME core ' \\ ens BOB: Relay pinning dis
B lens
*~_ Subclass of:

~

>
«

4DN-BINA OME

NBOA: Raster
Basic extension

Subclass of: scanner
B NBOB: Camera J oS
i it NBOA: Wave
NBOB: Point £
Subclass of: front sensor

4DN-BINA OME
Advanced and confocal
extension

(OMOM



Community standards: Microscopy Metadata

Specifications to expand the OME-data model

ATE S

e’ _ Subclass of:

)]
>
i

3

XYZ: Objective Subclassof: > @

lens

QUAREP-LiMi

Now the official host and
responsible party!

4DN-BINA OME
Advanced and confocal
extension

(OMOM



Who is the care taker of NBO-Q?

WG 7 — Metadata

The Work Group 7 focuses on various aspects of Image Metadata (initially primarily Microscopy Metadata but also Sample and Analysis Metadata). These span from

defining and continually revising the 4DN-BINA-OME (NBO) Microscopy Metadata model, to facilitating metadata capture through user-friendly tools, to integrating the

captured metadata into cloud-ready storage containers such as the newly developed Open Microscopy Environment (OME) Next-Generation File Format (NGFF). To

QUAREP-LiMi bylaws

Executive Council

QUAREP

members Steering Committee
(>600)

Editorial Review Board

(OMOM

—

"Best Practices:
NBO-Q
Microscopy
Metadata
Model Revision
Process

“—

=

1- REVIEW

|
S TOP )

No

2 - REVISION “—

}
No
Yes ﬂ

3 - APPROVAL

}
No
Yes i

4 - IMPLEMENTATION

|




NBO-Q Light Microscopy Metadata Model

NBO-Q
Home / Working Groups / WG 7 - Metadata / NBO-Q

. Hosted and maintained by

QUAREP-LiMi NBO-Q

Harmonize the description of light
o Cove rs h d rd ware microscopy hardware, acquisition settings,
1 1 1 and quality-control metrics in order to
CO ﬂf | g U rat [@) n, lMa g e enhance image quality, reproducibility, and

to fulfill the FAIR (Findable, Accessible,

a Cq U |S|t|O N Sett| N g S an d Interoperable, and Reusable) data

: rinciples. " R DY
quality control metadata P &
. Revision process codified by 2 = |

Best Practices document Purpose Deliverables

 Promote the harmonized generation and pre-publication » Aflexible and adaptable community-agreed

. . . management of image datasets from the ground up. vocabulary to describe microscopy hardware,
° I_a rg ecommun Ity Of IMa g N g « Facilitate the deposition of microscopy datasets to image acquisition settings, and their
. . . public image data repositories (e.g., Biolmage Archive, associated quality control measurements.
scle nt | Sts, MICrosco py OME-Image Data Resource, RIKEN SSBD, Brain Image
Library, etc.). » A metadata model to structure the vocabulary

ex pe rtS, MmManu fa Ct urers an d « Facilitate data reuse and the extraction of quantitative and organize the data.

information from image data using advanced bioimage

1 I analysis techniques, including Al/ML. . ) )
Sta n d a rd S O rg a n I Za t I O n S * Define the light-microscopy implementation of the Image g ﬁwgerhg{arggf:m%fgllgcgE;Zi:]egp[ﬁ(g?g:gg?ns of
Acquisition module of the Recommended Metadata for .
Q-l- a ke h O | d e rS Biological Images (REMBI) guidelines. Linked Data technology.

m https://quarep.org/working-groups/wg-7-metadata/




QUAREP-LiMi: WG2 and WG7 partnership

WG 2 - Detection system performance

Home / Working Groups / WG 2 - Detection system performance

WG 2 - Objectives

WG2 focuses on the detection system, comprising the detection path and its detector(s), and how it measures the signal from the sample.

Members of WG2 aim to standardize the characterization of the detection system performance and create standard procedures for monitoring it over time,
thereby revealing performance issues that could affect data reproducibility. Therefore, WG2 will define universal, externally measurable parameters applicable
to any type of detector (e.g., photons, linearity, noise), together with measurement tools and protocols for measuring these parameters from common detector
types. These universal parameters will be specified according to each distinct type of detector's internal parameters, which have already been defined by the
community. They will enable the evaluation and comparison of different detection systems, thus pinpointing the most suitable technology for given
applications.

WG 2 - Co-Chairs

Gert-Jan Bakker

Valeria Berno David McFadden Britta Schroth-Diez
Research Scientist at RIMLS
Co-Chair of WG 2 Imaging Facility Specialist at PhD Student at Leibniz Deputy Service Leader at
The Advanced Light and Institute of Photonic MPI-CBG
CRll:lan Joles ta Electron Microscopy Technology Co-Chair of WG 2 and WG 14
Email: Gert- i i g i
mail: Ger Biolmaging Center Co-Chair of WG 2 Call: +49-351-210-2522
Jan.Bakker@radboudumc.nl (ALEMBIC) of San Raffaele
; Call: +49 3641 206245 Email: schroth@mpi-chg.de
Hospital
(@ Nin| Co-Chair of WG 2 ma
david.andrew.mcfadden787@gm ﬂ O m
Call: +39-022643-4663 o e X

WG 7 — Metadata
Home / Working Groups / WG 7 - Metadata

WG 7 - Objectives

The Work Group 7 focuses on various aspects of Image Metadata (initially primarily Microscopy Metad: but also Sample and Analysis M ). These span from
defining and continually revising the 4DN-BINA-OME (NBO) Microscopy Metadata model, to facilitating metadata capture through user-friendly tools, to integrating the

captured metadata into cloud-ready storage containers such as the newly developed Open Microscopy Environment (OME) Next-Generation File Format (NGFF). To
promote the uptake of metadata tools and models, educational material and outreach strategies are also developed.
To carry on these tasks, WG7 is organized into four Subgroups (see “Subgroup” tab below), each of which carries out specific objectives. These subgroups are created,

paused, or dissolved on a needs basis as agreed by the WG7 as a whole.
The general meeting serves as a space for reporting back on the progress that has been achieved within the Subgroups, connecting the dots, strategic

planning, and general discussions.

The Subgroups (see “Subgroup™ tab below) identify specific tasks to be carried out to move our work forward. To participate, please first fill in the general
QUAREP-LIMI membership form and then enter your name here. Still confused? No worries, we have a specific list of tasks that you can check out to know
exactly how you can lend a hand.

WG 7 - Co-Chairs

Aastha Mathur Josh Moore Caterina Strambio De Castillia
Coordinator Image Data Services at Senior Research Data Management Ass. Professor in Mol. Medicine
EuroBloimaging Officer at German Blolmaging Chan Zuckerberg Imaging Sclentist
Co-Chair of WG 7 Co-Chair of WG 7 Co-Chair of WG 7

Email: aastha.mathur@eurobioimaging.eu Email: joshua.moore@gerbi-gmb.de Call: +1(508) 856-2383

Email: caterina.strambio@umassmed.edu



Governance gives QUAREP a path forward towards

NBO-Q v3.0 in partnership with key stakeholders

The making of microscope camera standards

Cameras are a crucial part of microscopes and are also built into many kinds of instruments. To make their output

comparable takes standards.

Vivien Marx

he academics and company
scientists in the group Quality
Assessment and Reproducibility for
Instruments & Images in Light Microscopy
(QUAREP-LiMi) are developing standards
for microscopy camera output.
As in other areas of standards
development, working with companies
is crucial; “after all they are the expert of
the hardware they are producing,” says
Caterina Strambio-de-Castillia, a researcher
at the University of Massachusetts
Medical School’s Program in Molecular
Medicine and a Chan Zuckerberg Imaging
Scientist, who spearheads this effort within
QUAREP-LiMi. A separate story in this
issue of Nature Methods about emerging
standards in microscopy can be found in
this issue.
Part of the work in developing standards
for cameras in microscopy and imaging
is about creating common definitions as
a public resource. “The QUAREP-ers are
moving on all that quite well,” says Jason
Swedlow of the University of Dundee, who

technology feature

Cameras are a crucial part of microscopes and imaging systems. Agreeing on standards to provide defined
descriptions for aspects such as gain or readout speed is tricky. Credit: W. Bulgar/Science Photo Library

M) Check for updates

Imaging standards to ease reproducibility and

the everyday

Imaging and microscopy technology advances in leaps and bounds. To address accumulated pain points,
academics and companies are making headway on standards.

Vivien Marx

ith a view to transparency and
reproducibility in microscopy,
scientists are hammering out

standards to address, for instance, the
surprises of fluctuating illumination power,
the jungle of file formats, the mysteries

of missing metadata and the diversity of
camera outputs. A second story in this
issue of Nature Methods focused on camera
standards can be found here.

“We need standards,” says Roland
Nitschke of the University of Freiburg.
Developing standards in imaging is a noble
deed that can make some eyes glaze over
even beyond the glaze arising from long
hours at the microscope. Those who feel they
lack the time to pitch in on standards might
be glad to hear that some not-so-distant

d P stand to help mi Dy users
pull out their hair a bit less. Heres a peek at

EVIDENT
OLYMPUS

Sy i

MICROSYSTEMS
pco |

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

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

Due SOON: Revision of 4DN-BINA-OME-
QUAREP Camera Metadata model +

vocabulary

Nikon

Camera
Manufacturer: Xyz
Catalog Nr: 0000
Mount: C-mount
FrameRate: 20 fps
ReadOutRate: 30 MHz

Scientifica

INSTRUMENTS

AV TELEDYNE
PHOTOMETRICS

AMAMATSU

how some emerging standards could address
real-world pain points.
Standards development is not a task for

Emerging standards in microscopy are being set up to address many pain points in the field.
Credit: TEK Image/Science Photo Library

oMo



‘ WG2 & WG7 joint endeavor
SJUAREP-LiM; Partnership with manufacturers and

Glossary + Metadata Model

Terms (a.k.a. attributes) used to
describe the camera hardware and
Image acquisition settings

Agreed upon descriptions of each \
term :

Define sets of relationships
between the terms that reflect the
real-life scenario

vendors

- Manufacturer: Xyz

- Catalog Nr: 0000

- Mount: C-mount

- FrameRate: 20 fps

- ReadOutRate: 30 MHz

Camera &

Agreed upon by all major stakeholders in the
community (manufacturers, custodians, users)



WG2 & WG7 joint endeavor
Microscopy glossary and metadata

OME Data Model Core Top Level

Camera

Instrument

- Manufactur
- Catalog Nr:

er: Xyz
- Mount: C-mount
ame

: 20 fps

1 0000

- FrameRate
- ReadOutRate: 30 MHz

« Communication and Reporting
* Reproducibility and Quality Control
Education and Dissemination

FLOURESCENCE
LIGHT SOURCE:

OBJECTIVE

/dictionary
[dik-shuh-ner-ee]

noun, plural ‘dictionaries’ |

1. a book, optical disc, mobile device, or online lexical
resource containing a selection of the words of a
language, giving information about their meanings,

* Exchange of information with
Manufacturers
* Automate capture of Metadata

* Next-Generation Image Metadata

framework
* Shared storage solutions

pronunciations, etymologies, inflected forms,
derived forms, etc., expressed in either the same o
another language; lexicon; glossary. Print

ictionaries of various sizes, ranging from sma),




WG2 & WG7 joint endeavor
JUAREP-LiM: Starting point NBO 2021 published

versiop
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WG2 & WG7 joint endeavor

Focus groups to review.model
aJements and attributes

Proposal for
@ Change

JUAREP-LiM;

e Evaluate fields e Evaluate fields
* Inspect e Listen to * Inspect
structure recording structure
* Open discussion e Debrief * Open discussion
* Extract decision
N /
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WG2 & WG7 joint endeavor
Outcome NBO-Q 2025 version

OME Core vs. NBO Basic Extension vs. NBOQ

Instrument

MapAnnotation

D
Namespace
Annotator (ExperimenteriD)

Description

A description for the annotation.
[plain-text multi-line string]

AnnotationRef

ID (AnnotationID)

y—;

p——————
DetectionSystem-APE

- DynamicRange

DR was measured)

|- OriginalEquipmentManufact
odel

SensorPixelWidth_X

ht_Y

InitialNumberofHotPixels[less than 10,
less than 15 etc.]

MaxBitDepth
ElectronConversionFactor
Median_ReadOutNoise (and/or)
RootMeanSquare_ReadOutNoise
ManufacturerOffset
StabilizedManufacturerOffset[Y/N]

- PeakQuantumEfficiency
- WindowPresently/n]

- PeakWavelength

- SpectralResponseCurve
[File; Sub-Element]

- ManufacturerSpecifiedEMGain
- Mount [C-mount, D-SLR adapter, SLR adapter,
T-mount, CS-Mount, F-Mount]
— DarkCurrent
- DarkCurrentTemperature(Temperature at which DC
/as measure
- DarkCurrentMeasure[Average, Median, RMS]
— Backllluminationfy/n]
- MaxAvailablePixelWellCapacity
- MaximumFullFrameRate
- LimitedByCameraMemory[Y/N]
— ConnectionType[FrameGrabber; FireWire; USB3,
Cameralink, etc?]
- MaximalFullFrameRate
~ LimitedByCameraMemory[Y/N];
— ConnectionType[FrameGrabber; FireWire; USB3,
Cameralink, etc.]
- MaximumReadoutRate
— BinningMin_X(default
— BinningMin_Y(default
- BinningMax_X
BinningMin_Y

(was Detector)

| Coating

I signalProcessing
| ResponseTime

| DeadTime

ManufacturerSpecs

5 MapAnnotation [Sub-Element]
(extension base)

.ProductN ame
~Poduct Number
~CatalogNumber-

D
VendorName
AnnotationRef

(e.g., spad cameras)

i~ Type[Conventional, EMCCD]
- CCDArchitecture[Frame Transfer,
|Interline Transfer, Progressive Scan]
‘TransferRegisterWellCapacity(all CCD)
GainRegisterWellCapacity(only EMCCD)

Type
- CMOSArchitecture[Global shutter,
{Rolling shutter]

CollectionEfficiency.
Multianode
MultianodeChannelNr
MultianodeArrangement
HeadOn

Avalanche
PINJunction

*SerialNumber
*Firmware
. LotNumber

“specsFile

OK Compression
BigEndian
Lenght

DETECTIONSYSTEM Hardware Specifications

Children Entities,
(choose one),

- ColorMethod[Multi-Chip, MultiLayer,
FilterMask, Prism, etc
~ FilterMaskType [RGB ,
ComplementaryColor, etc.777]

- NrOfChips,
- DifferentTypes[Y/N]

- IntensifierType[Electron

Bombardment (EB), go<
Electron Multiplication (EM),
MicroChannelPlate, Other]

Co ) ildren Entities)
(choose one),

- ColorMethod[Multi-Chip, MultiLayer,
FilterMask, Prism, etc.27]

- FilterMaskType [RGB ,
ComplementaryColor, etc.777]

- NrOfChips,

- DifferentTypes[Y/N]

- IntensifierType[Electron
Bombardment (EB),

Electron Multiplication (EM),
MicroChannelPlate, Other]

._|

- PhotocatodeMaterial [GalliumArsenide,
520, etc.77]

- PhotocatodeDiameter[18 mm, 25 mm]
- NrOfAmplificationStages

- OpticalReadout [Phosphoscren,
ElectromagneticReadout]

- PhsphoType[P46, P43]

- ImageTransfer[fiberoptical taper,

relay optic]

- ShortestGatingTime

- PhotocatodeMaterial [GalliumArsenide,
520, etc.77]

- PhotocatodeDiameter[18 mm, 25 mm]
- NrOfAmplificationStages

- OpticalReadout [Phosphoscren,
ElectromagneticReadout]

- PhsphoType[P46, P43]

- ImageTransfer[fiberoptical taper,

relay optic]

- ShortestGatingTime

MapAnnotation

D
Namespace

OME Core vs. NBO Basic Extension vs. NBO
DETECTIONSYSTEM Acquisition Settings

Compression
BigEndian
Lenght

D

Annotator (Expe D)

A for the annotation,
[plain-text multi-line string]

AnnotationRef

nning
PixelReadOutRate
Integration

OperatingTemperature

Settings
(extension base)

- UsedOperationalMode
- ActualPixelWellCapacity
- ActualFrameRate
DetectorSetting .fj‘E
ID (DetetectoriD)

AnalogGain (was Gain)
AmplificationGain

Voltage

PhotonCounting

This is a Entity-Relationship (ER) representation of the Core of the OME Data Model (grey boxes) alongside the BASIC 4DN-BINA-OME
extension (blue/red boxes). The ER diagram models information about a real-world situation by using three types of model elements:
1) ENTITIES (boxes) correspond to NOUNS = the items we want to collect information about.

2) RELATIONSHIPS (lines) correspond to VERBS = actions/states/occurrences that connect Entities with each other

3) ATTRIBUTES (fields within boxes) correspond to ADJECTIVES = they describe the actual information (in our case metadata) that

we want to record about each Entity. For questions or comments please contact: caterina.strambio@umassmed.edu




Where is bioimage metadata?

Material and
Methods

PixelSize
LightSourceSettings/Power

Instrument Calibration/

Nam

AlgorithmName

ROM_X

ame l:
ProcessingDate p—
—a—
——

QC metrics

Segmentation

ntific /

Journal

Scientific publication

N

T E%GRH

‘" DRYAD

Dataverse O%
Created by Nithinan Tatah
Noun Project

.. JE=

Biolmage Repositories

PIDs can help
maintain links
between
different
essential
information



Persistent Hardware Descriptors help 43
makin R BHD

Linked PIDs for

- Instrument instance

« Instrument model

- Hardware
configuration




What are Persistent Identifiers?

Institutions RQR

Research
activities .E

OO

Core Facmtlesl

Tools/Reagents \
RRID

Instruments P

ntific
©

(=

=

=)

o
e

Data/
Publications/

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




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

43

IMAG

AGING
PHD

R:O:R Institutions

People

Tools and
facilities

Datasets and
publications

Instruments



PIDs are used to link people and research

resources to data and publications
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and
cilities
Datasets and
‘ ifa = d publications
L P Instruments




Core Marketplace + RRID: supporting the 43

persistent identification of core-facilities i

USEDit, FIrss

RIF
MARKETPLACE SEARCHHELP POSTINGS PROFILE WIDGET NEWS MANUAL

-
WO SEARCH | (& ADD/EDIT MY FACILITY

SEARCH THE COREMARKETPLACE

Vermont
Biomedical
Research
Network

IDeA Network of Bi

UNIVERSAL SCIENTIFIC EQUIPMENT

DISCOVERY TOOL

Q

:= COREMARKETPLACE INFO 66 USING YOUR RRID NEW FEATURE

New to the CoreMarketplace? Start Learn how get more RRID mentions and Check out the New Contact People
here. increase citability for your facility. feature




Core Marketplace + RRID: supporting the 43

persistent identification of core-facilities ¥

Q\FDI Lab

FAIR Data Informatics
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PIDINST: Metadata schema for the A3

IMAGING

persistent identification of instruments Bii

Persistent Identification of Instruments

ABOUT US  RESOURCES

We seek to explore a community-driven solution for globally unique identification of measuring instruments operated in the sciences. The
group has developed a Metadata Schema for Persistent Identification of Instruments , which is endorsed by the Research Data Alliance
as a Recommendation. Our primary task is to actively engage with and support communities in schema implementations and aim, thus,
at widespread adoption of the Recommendation.

Outcomes

@ Persistent identification of Instruments PI )
tent trumety -

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

https://www.pidinst.org/

| Metadata Schema | Journal Article | White Paper



Imaging-PHD: Combining complementary

43

IMAGING

resources to build new functionalities B

MARKETPLACE SEARCHHELP POSTINGS PROFILE WIDGET ~NEWS MANUAL C \ I tI tl D
] 2
W SEARCH | (4 ADD/EDIT MY FACILITY

https://coremarketplace.org

Q
:= COREMARKETPLACE INFO 66 USING YOUR RRID NEW FEATURE
New to the CoreMarketplace? Start Learn how get more RRID mentions and Check out the New Contact People
here. increase citability for your facility. feature

2 e

uuuuu

Objective
- Manufacturer
- Correction

- Magnification
-NA

Camera
- Manufacturer
- Gain

- ReadNoise

- PixelSize

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

ID | Property

1 Identifier

2 SchemaVersion

3 LandingPage

4 | Name EODAT https://doi.org/10.1038/541592-021-01327-9

5 Owner Sample preparation Image acquisition Image data analysis

6 Manufacturer )

7 Model ‘m > ;% .

8 Description % 9 —

9 | InstrumentType EIEICINIE i

10 | MeasuredVariable = microscopy metadaty

11 | Date i i

12 | RelatedIdentifier 'mﬁgnma'mm inin $ -Biolma;ring. '[or“n';;'yl

13 | Alternateldentifier ; North America [/
https://docs.pidinst.org/en/latest/

Current Situation: non-reusable metadata _Next-Generation Metadata Framework Legend
Proprietary (e.g., v v v v With a modular framework, Core models: provide general
vendor) metadata all metadata can be recorded 5;’5”’9 blocks that can be re-
are restricted to in a common framework.
vendors tools. Community models: community
. A . . approved metadata models that
- enable open-source tools.

Metadata is accessible by applications, or otherwise under
community and vendor tools. [ e discussion

A Custom models: extensions from
vendors, highly specialized

Community metadata X. . ‘
cannot represent all “
vendor-specific

information. X

Figure 1 Next-generation metadata will provide the community a composable collection of metadata schemas to remove barriers to re-use and collaboration,

10.5281/zen0do.1126501610



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

The team and the community 43

PHD

Biolmaging @
North America

» - QUAREP-LiM:
David Grunwald James Chambers Judith Lacoste Josh Moore Q%B (X )
72

Physics, Photonics Core Manager Quality-Control  Next Gen Metadata :1:-§I° I ® O O M E

7, €
erman
{ °°°°° B|o|mag|ng
UMass Chan

MEDICAL SCHOOL UMAss

" R ' \ .
Adr|an Zai Anita Bandrowsky Nate Herzog
Research Informatics RRID CoreMarketplace
£-4 ) as iC l Vermont
CRER, [ﬂ <2 oCILrunc Biomedical

Research
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‘ UMass Chan ‘ FDI Lab

MEDICAL SCHOOL
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Labs and Core Facilities have different overlapping 43

needs for the Instrument Data Management PHD

T, b e
p 3 s ‘((‘ : ”!.'b
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Image data

& GREI 7 DRYAD

[ Datav .

Core facility
inventories/website

':.B

Biolmage repositories Budgeting/Funding
/Inventory
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Calibration/ Scientific Experimental

QC metrics publication protocols



Persistent Hardware Descriptors: make live

easier for cores and labs

Metadata is Scattered

PIDs link instruments
hardware descriptors with

o Critical imaging metadata is stored across

l.. ‘,‘_.; - .‘.,—' 2 :.’" d d h h . » . .
" ataan ;’Jt:lft'esem disparate locations (files, devices,
' & # documents).
Image data b lee lordhels « This fragmentation hinders reproducibility,
@ GREIl & DRYAD Ny A S reuse, and proper attribution.
= ) [ A7 (1-2 years)

| 200

" Dataverse oé

What Are Persistent Identifiers (PIDs)?

e Unique, long-lasting digital codes assigned
to entities like instruments, datasets, and
Budg/letingltFunding peop|e.
” o« Maintained by trusted authorities and resolve

pppppppp

Biolmage repositories

(&
to stable landing pages with rich metadata.
A Why PIDs Are Essential
— N\ D | _ « Linking: Connect hardware, datasets,
C
alibration/ Scientific Experimental . . .
QC metrics publication protocols publications, and contributors.

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




Christmas tree decoration

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




. . AQ
Christmas tree decoration 4

-

Model nr. 002
A

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

Model nr. 002 Model nr. 002
Serial nr. 003 Serial nr. 004




. . AQ
Christmas tree decoration 4

Model nr. 002
A

Model nr. 002

Serial nr. 002

Model nr. 002 Model nr. 002 Model nr. 002 Model nr. 002
Serial nr. 002 Serial nr. 002 Serial nr. 002 Serial nr. 002
Config nr. 001 Config nr. 002 Config nr. 003 Config nr. 003




o - AQ
Christmas tree decoration 4

2 2 %12

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

Model nr. 002 Model nr. 002 Model nr. 002 Model nr. 002

Serial nr. 001 Serial nr. 002 Serial nr. 003 Serial nr. 004
i'iii iill;ﬂt

Model nr. 002 Model nr. 002 Model nr. 002 Model nr. 002

Serial nr. 001 Serial nr. 002 Serial nr. 003 Serial nr. 004




Light Microscopy

_ PIDINST metadata
. metadata
. N
@ PIDINST:0000 PHD-ID:0000 ”_/3_
IMAGING
QUAREP-LiMi @) I1DType - DOI " IDType - DOI HDD:0001 PHD
LiMi-Model Name : —
LightSource DT DO
.ps e-

, Facility s yp PHD-ID:0002

AlD. FacilitylD - RRID:0000 age LightSource
.‘ ’“ IDType - DOI
’A Manufacturer Filter Stage
LightSource
I Model
—— Camera Filter p—
mmm \ARKETPLACE (@3 ModelD - RRID:0000 9
Camera -
Filter

®RRID

> Biolmaging
North America

&

N~

Vi
(1-2 years)

Time

<PIDINST <PIDINST
-RRID

<> OME

-PHD-ID:0
v/



Light Microsco
PIDINST metadata rr?etadata Py
PIDINST:0000 PHD-ID:0000

QUAREP-LiMi € |
LiMi-Model Name . PRD-ID:0001
LightSource
Facility IDType - DOI PHD-ID:0002
AlDM»
~ IDType - DOI
'ﬂ ’ﬂ Manufacturer .
LightSource
Ao | [Model

s varieTpLACE (@R Core Facility 2 RRID: SRC XYZQ

Model 2 RRID:SRC XYZW
®\ RRI D N

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

' | Time

Biolmaging ® (1-2 years (1-2 years)
North America
’

PIDINST PIDINST PIDINST
0 . O IVI < C -RRID ¢
E -PHD IDO -PI-{D/—ID:1 {D;1D:




Deliverable - Micro-Meta Platform A2

IMAGING

Workflow and Architecture B

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

Register ',
Register facility PIDINST .
and model RRID ':":I')s_:;’
= = )
=CORE & RRID T @ DataCite
Micro-Meta Platform Micro-Meta Platform Publication
Frontend PID services API calls Cloud D‘E_I]BI

& ) A— Micro-Meta Platform search engine
PIDs
5 Hardware | @ m @ = + PubMed

Descrlptor , 4 - Hardware
. ' Fomes ; : 74  pins oo [55 EXPLORE
O " -= —
..3 Manage Publish S=CORE o s : 74 cite
Data Capture inspect and Obtain PIDs
E S ]
O Production manage hardware (RRID/PIDINST/PHD-ID) oy S = ANNOTATE
= configuration files i —
1 2 3 4
®  Crmntena) (o)
E ‘:‘ Web Application Web Application
—
Q9 i PID - LLM F .
Q n—_— ol oundry
‘G;; = el . = Services Integration Backend Sl e
> = metadata services
wo
= Imaging scientists, core-facility staff and instrument Research scientists, core-facility staff,
< ging

manufacturers industry partners, funders, publishers



FAIR Facilities and Instruments:

IMAGING

PID recommendations
1. Flexible PID [C 1. Register D]

ore Facility RRI

recommendations: based on

the requirements of different use cases and
different scientific domains

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

Core Facilities

Instrument Model/Type

Instrument Instance

Descriptor (Hardware Configuration /
Settings / Parameters)

NN

eed
Descriptor
PID?

3. PID concatenation

4. PID connection _
4. Register

Descriptor PID




FAIR Facilities and Instruments:

IMAGING

PID recommendations

1. Flexible PID
recommendations:; vased on

the requirements of different use cases and
different scientific domains

1. Facility PID

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

Core Facilities

Instrument Model/Type

Instrument Instance

Descriptor (Hardware Configuration /
Settings / Parameters)

NN

3. PID concatenation

4. PID connection



NGM facilitates getting the full AR

IMAGING

PHD

technical descriptions of
microscopes from vendors

25

Community models: communily
‘ approved metadata models that
enable open-source lools.

Current Situation: non-reusable metadata Next-Generation Metadata Framework Legend

vendor) metadata all metadata can be recorded 2‘5’2'"9 blocks that can be re-
are restricted to in a common framework. '

Community metadata X‘ . ‘

cannot represent all “

vendor-specific Metadata is accessible by

Proprietary (e.g., v v v v ‘ With a modular framework, Core models: provide general
vendors tools. ! ’|‘ "‘ !l!
information. x community and vendor tools.

A Custom models: extensions from
vendors, highly specialized
applications, or otherwise under
discussion,

Figure 1 Next-generation metadata will provide the community a composable collection of metadata schemas to remove barriers 10 re-use and collaboration,

Moore and Strambio-De-Castillia, 2024
10.5281/zeno0do.112650161



https://zenodo.org/doi/10.5281/zenodo.11265016
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https://zenodo.org/doi/10.5281/zenodo.11265016
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Save the date: AIMM UG Community Event

on PIDs for Cores and Instruments

AIMM User Group 2025 _ This is your chance to finally ask the questions

1)) ()i b R@) L LV AO LTSRS [0 (Bl o u’ve always been afraid to ask about
RORES ==CORE b Persistent Identifiers (PIDs) for Facilities and
bwd Instruments!

You are cordially invited to join us and ask all the questions about

ROR, RRID, CoreMarketplace, and the newly launched Imaging-PHD

project | eer When:

Following up from the September AIMM session on Persistent « October 23rd 202 5,

Identifiers for research institutions, facilities, and instruments, the
questions on the practical use of ROR, RRID,
CoreMarketplace, and the newly NSF-funded Imaging-PHD project.

8amUSPT/11amUSET/5SpmEUCT

Featuring:

Amanda French
Research Organization

Registry, Crossref " j  UCSan Diego, ] ° ROR,RRID, and QoreMarkethace
Caterina Strambi  and the new Persistent Hardware
D2 éﬁs‘,‘t‘f‘u-;am 10 ' ® ' Nathan Herzog | » Descriptor (PHD) project.

hl 1 - :9% ' Vermont Biomedical
UMass Chan -~ Research Network

Medical School v

Date: 10/23/2025 Registration =————————f

8am PDT/10am CDT/1lam EDT

Anita . .

Bandrowski Get practical guidance on using



https://ror.org/blog/2024-11-26-rrid-ror-facilities/
https://ror.org/blog/2024-11-26-rrid-ror-facilities/
https://www.rrids.org/news/2024/11/26/understanding-rrid-and-ror-for-facilities
https://coremarketplace.org/

THANK YOU!

UMass Med + Canada Bioimaging

Judith Thomas Claire Pina
Lacoste Stroh Brown Colarusso

Alice Stephen
Kang Ogg

BINA+QUAREP-LiMi

Sy

E UMass Chan ¢

NP <
MEDICAL scHooL 4D Nucleome ¥y North America

Grunwald lab - UMMS-RTI

Farzin Farzam

4DN Community
4DN IWG:

DCIC: Burak Alver, &\x

Koray Kirli, Peter Park, i )
, Serkan Utku Ozturk i

HuBMAP Community and Pittsburgh Supercom
(PSC) 2

Imaging Scientists Community

OME community

Biolmaging

National Institutes
of Health




