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Metadata matters: access to image data in the

real world
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Scientific image data repositories for the
life sciences
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Recommendations for OME Compliant image metadata. The Image
and Instrument Elements from the OME Data Model, with attributes and
hierarchies shown in diagrammatic form. The Image Element contains
core metadata that can be used for display and processing of the
associated binary image data. Currently, an OME Compliant image
completes all of the metadata in the Image Element. By the end of
2010, we aim to include the Instrument Element in the OME Compliant
specification. The Bio-Formats library provides support for writing OME-
XML either as a stand-alone file or within the header of an OME-TIFF
file. The full XML Schema version of the OME Data Model is available
at http://ome-xml.org/browser/Schemas/OME/2010-04/ome.xsd.
Updates to the OME Data Model are announced on the project’s
roadmap site (http://ome-xml.org/roadmap).
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Box 1. Recommendations for use of PFFs

1. Image metadata must be associated with the binary image data,
preferably as a single file.

2. Microscope systems must not store metadatia in propristary dato-
bases that are available only on the data acquisition system.

3. Metadata must be readable by third party software using a com-
men, openly accessible software package or library. PFF develcpers
must work with developers of open translation libraries to ensure their
format is correcily interpreted.

4. Scienlists must use image processing and analysis tools that pre-
serve image metadata.

5. Image data must reflect the original measurement. If compression is
supported, the user must be given the oplion of saving uncompressed
or losslessly compressed images (which allows the exact original data
tc be reconstructed ofter compression). If compression or encryption is
used, the algerithm and parameters must be stated and stored in the
metadata.

6. Cammercial software programs must provide data export to an
open meladata specification. To ensure thal commercial software
writes these formats correctly, open, freely available libraries and for-
mat validators must be available to enable compliance.

7. Public and charity funding for imaging systems must include a re-
quirement that the system writes data in an open, accessible format,
wherever possible.

8. All file formats must use versioning to reflect any changes in the
data model.

Q. When PFFs must be used, new versicns must be announced 1o the
scientific community, and users and funding bodies must predicate
their purchases on this type of support for the scientific community.

10. Once a standardized repository is available, journals must
require depositian of original data supporting scientific manuseripts.

2024-05-29

N—Jl4
3I0IMAGE


https://doi.org/10.1083/jcb.201004104
http://ome-xml.org/browser/Schemas/OME/2010-04/ome.xsd
http://ome-xml.org/roadmap

N—Jl4
3I0IMAGE

Maintaining a model

v<OME xmlns="http://waw.openmicroscony.org/Schemas/OME/2076-06"
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The OME Model is a specification for storing data on biological imaging. The Cell Lines

model includes image parameters, such as XYZ dimensions and pixels type, as e S
well as extensive metadata on, for example, image acquisition, annotation, and 2013 | e T, OSARATIN el fuoretcence Mooy
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Add key-value (K/V) pair annotation Use k/v for ontology links
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Maintaining a model

Targets

Source 2016-06 2015-01 2013-06 2012-06 2011-06 2010-06 2010-C4 200S-09 2008-09 2008-02 2007-06 2003-FC

2016 0€ good good good good good fair fair fair poor poor poor
b Transmitied to clients
2015-01 - good good good good fair fair fair poor poor poor :
OMERO
2013-0€ - good good  good fair fair fair poor poor poor |—Generates
2012-06 - ood ood fair fair fair poor poor oor OMERO
= s 2 servercode|  Gonyertible to or from
generator *
2011-0€ -- good fair fair fair poor poor poor o L T
5 INpuUt 10— madel
2010-0€ - fair fair poor poor poor poor *5 =Pmieet ¢+ [—Modifies
= Generatesg| WIS
_ w Is the core r
2010-04 -- poor poor poor poor poor definition for | OMERG
- dalabase code

genegrator
2009-09 = poor poor poor poor L Generates - SQL scrptst=Createsa» .
2008-0¢ - poor poor poor = OMEROQ database
2008-02 excellent - poor poor
2007-0€ - poor Allan et al. (2012) OMERQO: flexible, model-driven data management for

experimental biology. Nature Methods 9, 245-253. Published 28 February 2012
2003-FC = DOI: 10.1038/nmeth.1896
htitps://bit.ly/citing-ome
Upgrades
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Extending a model??
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Calibration o -

OME:Objective

- 3 OME:Instrument o
extension ’ el
' .,-;-.";f' Su b"la\v.Or - I _
= - subClassOr:

=

SuU b'u|03301
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NBOC:Intensity
CalibrationTool

~

-
ADN-BINA OME - Glasst. -

~ suk

subl
ClassOf: *
JQ; O' "

- suBb

Basic extension
4DN-BINA OME

Advanced+Confocal
extension

4D-Nucleome / BINA / OME / QUAREP-LiMi (2018-2019)
https://github.com/WU-BIMAC/NBOMicroscopyMetadataSpecs
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Metadata Matters 2024

Box 1. Recommendations for use of PFFs

1. Image metadata must be associated with the binary image data,
preferably as a single file.

2. Microscope systems must not store metadata in proprietary dato-
bases that are available only on the data acquisition system.

3. Metadat st b dable by third party softw i -
Superset of OME Model support ron, openy ceabl sohaors pckagn o lror: T doropar
must work with developers of open translation libraries to ensure their

MOdEIS EXtenSible and reusa ble format is correcily interpreted.

4. Scientists must use image processing and analysis tools that pre-
serve image metadata.

Ba Se m Od e I s a re We I I-S u p po rtEd 5. Image data must reflect the original measurement. If compression is
supported, the user must be given the option of saving uncompressed
loss| di hich allews th t original dat
Vendors produce models & metadata it e
used, the algorithm and parameters must be stated and stored in the
metadata.

6. Commercial software programs must provide data export to an
open meladata specification. To ensure thal commercial software
writes these formats correctly, open, freely available libraries and for-
mat validators must be available to enable compliance.

e 7. Public and charity funding for imaging systems must include a re-
‘ armhe e AP i e quirement that the system writes data in an open, accessible format,
o S VD wherever possible.

e 8. All file formats must use versioning to reflect any changes in the
"Bv the end of data model.

for writ ; ,, Q. When PFFs must be used, new versicns must be anncunced fo the
XML either as a stand-alone file or within the header of an OME-TIFF scientific communily, and users and funding bedies must predicate
ile. The full XML Schema version of the OME Data Model is available their purchases on this type of support for the scientific community.

pdates to the OME Data Model are announced on the project 10. Once a stondardized repository is available, journals must
imap site , require depositian of original data supporting scientific manuscripts.
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Goal: Common Framework

MERUTK

Experiment | AcquisitionBlock | AcquisitionModeSetup |RtFrameHeight #1=512

Experiment|AcquisitionBlock|AcquisitionModeSetup |RtFrameWidth #1=512

Experiment |AcquisitionBlock | AcquisitionModeSetup|RtLinePeriod #1=3.0000000000000001e-005

Experiment|AcquisitionBlock|AcquisitionModeSetup | RtOffsetX #1=0

Experiment|AcquisitionBlock|AcquisitionModeSetup | RtOffsetY #1=0

Experiment | AcquisitionBlock | AcquisitionModeSetup | RtRegionHeight £1=512
“’ Experiment|AcquisitionBlock|AcquisitionModeSetup |RtRegionWidth #1=512

Experiment |AcquisitionBlock | AcquisitionModeSetup |RtSuperSampling #1=1
Experiment|AcquisitionBlock| AcquisitionModeSetup|RtZoom #1=1
Experiment|AcquisitionBlock | AcquisitionModeSetup|ScalingX #1=4.1513291872589499e-007
Experiment |AcquisitionBlock | AcquisitionModeSetup|ScalingY #1=4.1513291872583499¢-007
Experiment|AcquisitionBlock | AcquisitionModeSetup|ScalingZ #1=9.9999999959595995¢ 007
Experiment|AcquisitionBlock | AcquisitionModeSetup|SimRotations #1=3
Experiment|AcquisitionBlock|AcquisitionModeSetup | TimeSeries #1=false
Experiment|AcquisitionBlock | AcquisitionModeSetup|TrackMultiplexType #1=ZStack
Experiment | AcquisitionBlock | AcquisitionModeSetup | UseRois #1=false
Experiment |AcquisitionBlock|AcquisitionModeSetup |ZoomX #1=1
Experiment|AcquisitionBlock | AcquisitionModeSetup|ZoomY #1=1
Experiment|AcquisitionBlock|Laser| LaserName #1=HeNe633
Experiment|AcquisitionBlock|Laser | LaserName #2=Diode 405-30
Experiment|AcquisitionBlock|Laser | LaserName #3=Argon

BIOSYSTEMS

Co-Innaakirg temorow GF Healthcare

S1VINHJO4-0ld

MOLECULAR Experiment|AcquisitionBlock|Laser| LaserName #4=HeNe594
D EVICES Experiment|AcquisitionBlock|Laser| LaserPower #1=0.0050000000000000001
] Experiment|AcquisitionBlock|Laser| LaserPower #2=0.0299999939999999999
' f‘-', 3i Experiment|AcquisitionBlock|Laser| LaserPower #3=0.025000000000000001
> 5 xperiment |AcquisitionBlock | Laser | LaserPawer #4-0_.0107
J> Experi AcquisitionBlock|Laser| P " 002
Perkintimer T
Fo- tie Betier
HAMAMATSU
PHOTON 1S QUR BVUSINESS
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Goal: Common Framework - SIOIMAGE

BIOSYSTEMS

“ome:Image”: ..
“vendor:acquisitionModeSetup”: [

MERCK
Nikon
FUJIFILM
OLYMPUS Q
3
3 {
g @context: {
“ome”: “https://openmicroscopy.org/namespace”,
. ~ “vendor”: “https://vendor.com/namespace” JSON-LD (RDF)
Jeica =
= },
D
s
O
-5
~

{
“RtFrameHeight”: 512
<) i yuvitegas L (make it simple)
& 3i ]
) 2
Pe!kinElmer'
Fov the Detter

} *
https://linkml.io/
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What's been going on?
(tl;dr)
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FoundingGIDE (2024-2026) 2 I

)

Technology porbals)

foundingGIDE (Global Image Data Ecosystem)

Funded by
the European Union
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FAIR Image Objects (FAIR-10), an FDO-subtype for bioimaging
orio Kobavashi RDF AS A BRIDGE TO
Unique identifier II:IKENK et Dy TFORMS
SWAT4HCLS
RDF-based metadata 2018 & 2019
experiment
Convert from sample
proprietary file formats acquisition
or export from servers analysis
(e.g. OMERO)
Zoomable browsing Mommmmems (T "”:‘;:“:
Metadata linked to cloud-compatible .= w8 ¢ ,,_\__ﬂ & omero-rdf
FDOs from other highly-parallel === R oy TR
e (PP
Binary data
multidimensional https://zenodo.org/doi/10.5281/zeno0do.10687658
multiresolution
compressed
https://zenodo.org/doi/10.5281/zen0do.7394674 . T ————e
(from the NFDI4BIOIMAGE grant proposal) S

. POA
(

https://nfdidbioimage.github.io/FAIR-10/specification/

Susanne Kunis
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Persistent Hardware Descriptors (2023)

(NSF proposal)

Current Situation: non-reusable metadata

rerd

Proprietary (e.g.,
vendor) metadata
are restricted to
vendors tools.

Community metadata
cannot represent all
vendor-specific
information.

><

Next-Generation Metadata Framework

With a modular framework,
all metadata can be recorded
in a common framewaork.

Legend

Core models: provide general
building blocks that can be re-
used.

Community models: community
approved metadata models that
enable open-source tools.

Custom models: extensions that
are in development or highly
specialized in their application.

Metadata is accessible by
community and vendor tools.

https://zenodo.org/doi/10.5281/zeno0do0.11265016

@gsE. ®O

OME Community Meeting - Josh Moore - Metadata Matters 2024-05-29

N—Jl4
3I0IMAGE

17


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

N—Jl4
3I0IMAGE

What’s the plan?

(short, middle, long)
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Mini-schemas (XSD

©

T (€ ———— @ o o Py 0o Thoughts how to make NBOQ coexist with OME model
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element which has the rich NBOQ metadata In JSON format that applies te the ertire contents of
< : T : = — = : = T the file and multiple zttachments ta the “Imaga" alements in the OME-TIFF which records the
<XMLAnnotation ID="Annotation:18350171370993896933" Namespace="openmicroscopy.org/cli/transfer”> e . L
settings frcm each Image.
<Value> 2) Any existing software not NBOQ-aware simply uses the OME-XML and ignares any N3CQ,
<CLITransferServerPath xsi:schemalLocation="https://raw.githubusercontent.com/ome/omero—-cli~-transfer/maih/schemas/serverpath.xsd"> extensicns.
- : . . 3) The NBCQ extensicn JSON biocks live as CcmmentAnnotations in the CME-XML header of
<Path>root_0/2022-01/14/18-30-55.264/combined_result.tiff</Path> ‘— ) o . . * )
7 ONE-TIFF files (fur NGFF: the info is contained in the OM E-Zarr niprarcny in a
</CLLTransrerserverPath> METADATA.ome.xml fil2, based 2n the convention set oy bioformats2raw - see:
</Value> https://ngf.openmicroscopy.org/latestfindexhtmlitbf2raw)].
: : 4) NDBOQ-aware software will neac to write metacata both to the NEOCQ model J5ON blocks and tc
</XMLAnnotation> ) N
the QME-XML (for thase fie cs that CME-XML supports)
£) NBOQ-aware softwzare will neec to read metadata from both the NBOQ model JSON blocks 2nd

httos://github.com/ome/omero-cli-transfer/blob/main/test/data/transfer.xml

Erick Ratamero

geatve . HE
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from the ONME-XML and shauld in zen=ral let NBQD information suparsede any
overlapping/conflicting OME-XML ‘rformation.

Caterina Damir Sudar
Strambio De Castillia
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How to tie it all together?
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B Annocuncements ome-ngff, metadata, communiky
. y

nff | P
-J"\{;
o i . ) ‘ ] stat SUCCRSS
Wouter-Michiel Vierdag wmv1992 & b 2023 T~ ‘DC
W M_.]l"l
Hello everyone!
@joshmoore and | discussed having a community call regarding metadala in OME-NGFF. Several meladata e i [ Unvorgty i
guidalinas exisl that cover differant lields. Whila parls of these meladala guidelines overlap, thare are parts thal »
are substantially different. Furthermore, individual users might not be willing to fully comply with a given
metadata standard, either by leaving out fields or having fields not covered by a metadata schema.
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How to tie it all together?

RO-Crate is to NGM what Zarr is to NGFF

{ "@context": "https://w3id.org/ro/crate/1.1/context",

N—Jl4
3I0IMAGE

"@graph": [ {
{ "@id": "https://ror.org/05tpnw772",
"@type": "CreativeWork", "@type": "Organization",
"@id": "ro-crate-metadata.json", "name": “German Bio-Imaging®“,
"conformsTo": {"@id": "https://w3id.org/ro/crate/1.1"}, “url": "“https://ror.org/05tpnw772"
llaboutll: {ll@idll: Il./ll} }’
by {
{ "@id": “my.ome.zarr/"”,
ll@idll: II./II’ Il@typell: IIDatasetll’ =='
"@type": [ “"name": "Diagram showing trend to increase", ﬁ
"Dataset™ "description": "Illustrator file for Glop Pot", ~
1, "encodingFormat": “application/zarr”,
"publisher": {“@id": {“@id": “https://ngff.openmicroscopy.orqg/0.4"} ZZiil'r
“https://ror.org/05tpnw772"} },
{
"hasPart": [ "@id": "tiffs/",
{ "@type": "Dataset",
"@id": “my.ome.zarr/” "name": “Original image stack",
¥, "description": "This directory contains lots of TIFFs.”
{ }
"@id": “tiffs/" {
}, "@id": "conversion.cwl",
{ / "@type": "File",
"@id": “conversion.cwl/“ "name": “Process to create the OME-Zarr",
} "contentSize": “120",
1, "encodingFormat": ["text/plain", {"@id": "https://www.commonwl.org/v1l.0/Workflow.html"}]
b I3
]
I
=
{®} 1s0N-LD (RDF)
RO-Crats
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Supported Formats

Supported formats by year
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OMERO “format”
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Metadata Matters 2024

Box 1. Recommendations for use of PFFs

1. Image metadata must be associated with the binary image data,
preferably as a single file.

2. Microscope systems must not store metadata in proprietary dato-
bases that are available only on the data acquisition system.

3. Metadat st b dable by third party softw i -
Superset of OME Model support ron, openy ceabl sohaors pckagn o lror: T doropar
must work with developers of open translation libraries to ensure their

MOdEIS EXtenSible and reusa ble format is correcily interpreted.

4. Scientists must use image processing and analysis tools that pre-
serve image metadata.

Ba Se m Od e I s a re We I I-S u p po rtEd 5. Image data must reflect the original measurement. If compression is
supported, the user must be given the option of saving uncompressed
loss| di hich allews th t original dat
Vendors produce models & metadata it e
used, the algorithm and parameters must be stated and stored in the
metadata.

6. Commercial software programs must provide data export to an
open meladata specification. To ensure thal commercial software
writes these formats correctly, open, freely available libraries and for-
mat validators must be available to enable compliance.

e 7. Public and charity funding for imaging systems must include a re-
‘ armhe e AP i e quirement that the system writes data in an open, accessible format,
o S VD wherever possible.

e 8. All file formats must use versioning to reflect any changes in the
"Bv the end of data model.

for writ ; ,, Q. When PFFs must be used, new versicns must be anncunced fo the
XML either as a stand-alone file or within the header of an OME-TIFF scientific communily, and users and funding bedies must predicate
ile. The full XML Schema version of the OME Data Model is available their purchases on this type of support for the scientific community.

pdates to the OME Data Model are announced on the project 10. Once a stondardized repository is available, journals must
imap site , require depositian of original data supporting scientific manuscripts.

@EaANGs @@ OME Community Meeting - Josh Moore - Metadata Matters 2024-05-29
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Metadata Matters 2024

Box 1. Recommendations for use of PFFs

1. Image metadata must be associated with the binary image data,
preferably as a single file.

2. Microscope systems must not store metadata in propristary datc-
bases that are available only on the data acquisition system.

3. Metadat st b dable by third party sofiw i .
Superset of OME Model support ron, speny sl o pacage o any. 5 dvaopr
must work with developers of open translation libraries to ensure their

MOdEIS EXtenSible and reusa ble format is correcily interpreted.

4. Scientists must use image processing and analysis tools that pre-
serve image metadata.

Ba Se m Od e I s a re We I I-s u p po rtEd 5. Image data must reflect the original measurement. If compression is

supported, the user must be given the option of saving uncompressed

Ve n d O rs rod u Ce m Od e I S & m eta d ata or losslessly compressed images (which allows the exact original data
p to be reconstructed after compression). If compression or encryplion is

used, the algorithm and parameters must be stated and stored in the

Web of schemas by/for the community ™-

6. Commercial software programs must provide data export to an
open meladata specification. To ensure thal commercial software
writes these formats correctly, open, freely available libraries and for-
mat validators must be available to enable compliance.

, o B 7. Public and charity funding for imaging systems must include a re-
T quirement that the system writes data in an open, accessible format,
. ’ e Element contair wherever possible.

8. All file formats must use versioning to reflect any changes in the

data model.

i    ;7 Q. When PFFs must be used, new versicns must be anncunced fo the
. header of an OME-TIFF scientific communily, and users and funding bedies must predicate
= Data Model is availak their purchases on this type of support for the scientific community.

s to the OME Data Model are announced on the project’s 10. Once a standardized repository is available, journals must
) site , require depositian of original data supporting scientific manuscripts.
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ata Matters 2024

Superset of OME Model support
Models extensible and reusable

Base models are well-supported
Vendors produce models & metadata
Web of schemas by/for the community

Recommendations for OME Compliant image metadata. The Image
and Instrument Elements from the OME Data Model, with attributes and
hierarchies shown in diagrammatic form. The Image Element contains
core metadata that can be used for display and processing of the
associated binary image data. Currently, an OME Compliant image
completes all of the metadata in the Image Element. By the end of
2010, we aim to include the Instrument Element in the OME Compliant
specification. The Bio-Formats library provides support for writing OME-
XML either as a stand-alone file or within the header of an OME-TIFF
file. The full XML Schema version of the OME Data Model is available

at :
Updates to the OME Data Model are announced on the project’s
roadmap site ( ).
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https://bit.ly/dundee-pledge-v01

Dundee Pledge

May 29, 2024

Introduction

Over the past saveral years, the interest in a mechanism for achieving common metadata
specifications has grown considerably. A history of various efforts within our community can be
read underthe backqround saction. Rather than attempting “Yet Another Matadata

Specification”, hera the undarsigned propese an altemative mechanism.

This is not a new project, or specification, or framewvsork. It does not define anamespace or a
software artifact of any kind. Instead, it is a set of tenets which community members can state
their intention 1o follow. These are likely a bit more 1than just "best practices”. The intent is that
by follawing a sufficient number of them will enable specifications and software preduced by

each graup to interoperate. We pledge ta attempt just that.

Tenets

MULTI-MINIMAL

Though we affirm that different communities may want to define distinct “minimal metadata
specifications”, we discourage at this time the community focusing on this. Rather, having
communities work together to include “subsetting” or “profile” information to be maximally

inclusive will help to provide a stronger, richer set of metadata specifications.

OPEN WORLD, OPEN SPECIFICATIONS, FOUNDATION, BRIDGES, MAINTENANCE,
FUNDING, COMMUNITY, SHAPES, IDENTIFIERS, EXTENDABLE, IMPORTABLE,
VERSIONING, REUSE, MAPPING, REFACTORING, MULTI-MINIMAL, SCALABLE,
SIGNPOSTING, SELF-DESCRIBING

————————

https://bit.ly/dundee-pledge-v01
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