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€ BIO-FORMATS

Translator for file formats (2005-present)

"Put simply, the
format landscape has
scaled beyond a
manageable level”
(2019)
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https://www.openmicroscopy.org/2019/06/25/formats.html

Slide shared under CC-BY 4.0

https://zenodo.or
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Why do we need a new (next-gen) file “#iGerman.
= Blolmaging
fo rm at? Gesellschaft fir Mikroskopie und Bildanalyse

HOW STANDARDS PROLIFERATE:
(65 AJC CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

4?! RiDICULOLS! [Soon:] So far, OME, bioformats have your back:
WE NEED To DEVELOP d
. || ONE UNIVERSAL STRNDARD : supported Formats
SITUATION: || Tuiar covers Evervones | | STUATION:
THERE ARE USE. CASES. YEAH! THERE ARE Rtiss It ot Hons
|4 COMPETING \ O 5 |5 COMPETING
STANDPRDS. STANDPRDS. CH I E
5 = §f 3 r § r
% Farmat Extonslons £ ¥ 5 F 3 E z i
A Sliha Bl | w 'R = i
Al el y sicly o ; = o
Shared under CC BY-NC 2.5 A
https://creativecommons.org/licenses/by-nc/2.5/ el on L2 ki v x X "
A1 Al w v v L o N
! aldd ¥ o x b} H
H' I el kel v v " X = x
Read more: :
https://www.openmicroscopy.org/bio-formats/ Amira Mest Lf'rnﬂ y Y v v % % %
Jabets
1ts FlawSight .cif ¥ v K
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https://creativecommons.org/licenses/by-nc/2.5/
https://www.openmicroscopy.org/bio-formats/

NGFF/OME/ZARR? “ Biolmaging

Gesellschaft fir Mikroskopie und Bildanalyse

-
NGFF documentation T 02 AUTHORS gaver ——
idea (e.g., on an issue or m.‘ﬁ&m(()?as)l z:‘rl’er — ‘openfupdate
community call) ENDORSEMENTS DRAFTPR

asw .. | Next-Generation File Formats (NGFF) +
OME-Zarr g

D4. Questions
raised during
PR review?

Community cweote .
77777777777777777777777777777 No, propose review a',’,l
Contributing Welcome to the Next-Generation File Formats (NGFF) main page! This site is dedicated to providing i : o .
Specifications resources for the NGFF community and those that are interested in getting started with OME-Zarr. G I e e
RFCs v R
Resources v . .
NGFF vs OME-Zarr, what is the difference?
Help Desk )
COMMENTS an nd R2. REVIEWERS REC AiLel o,
OME-Zarr is the file format that the NGFF community has settled on to address issues of scalability and ts AUTHOR o i REG: 24 new PR PR, and conact
* REC: accept, Aweaks
interoperability described below. | s [ o hanges
R4. AUTHORS — RE SITIORS
propare RESPONSE R amdor
. . . . . . o . an anges to No.
NGFF is the community-driven process for designing the next generation of bioimaging formats. NGFF gl Coarges SN
eressal Minor changes.
brings togt‘ether the community t.o.deflne sh.arfed speC|f|c?tlons, metadata standards, and best practices. P—— //m\\\ P ED;R? No, wihcraw
OME-Zarr implements those decisions, providing a practical, open, and scalable way to store and share changes' ORFC. <=_<,m \\S::’E:"Ei/)—.m &\appmm S
modern microscopy data. As the NGFF specifications evolve, OME-Zarr evolves with them — ensuring the el Yo+ ves®
format reflects the needs and experience of the wider community.
$1. RFC accepled! $0. if REVIEWERS
AUTHORS or EDITORS ‘overridden, EDITORS
update the SPEC add RESPONSE
ngff.openmicroscopy.org I |
clarify* _ ol \\\
< s2. R a
<o > e
g No

NGFF Process Diagram v3.0 | Last updated: 2024-05-03
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Chunked file formats “i Biolmaging
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Def. (n) Directory-like layout of
data in subfiles rather than a

‘ WOE; with single file, header information
B icroscogpy data available in formats like JSON or
L YAML

Pros:

* natively supports parallel

@ read/write access to chunks

L datasecis 120 Gl zamay o « avoid costly downloads or

‘ ".- .7 o\ AN

i

| - | /I ﬁ 001 tacowe) transfer of large data on
= L AI ' 0.0.2 [260 kBl

{ "D‘tt[‘pa": M,

VL

-zarray [240®]

\\ £y Mowolithic file format
. S \

cloud infrastructure (e.g., S3)

. EADER ACH _ .
\@ﬁMemow ful Hm_”mg‘ >"CE =  web-/cloud-ready

10101001010010100101 O%Q.
TT’ | Cons:

* A lot of files on disk

011101.01010100010010
0000001.01.0001.001.01.00%
01001001011101001001
00101110111111101011
101010101010100001.00
100101100101.00100001
00101110101001010010
100101001001.01101001

Image ,Monolithic vs. chunked“ by Henning Falk 00111101110101010100

01.001.00000001.01.00010

https://github.com/zarr-developers/zarr-illustrations-falk-2022 | exo1oco1c01001011101
(c) NumFOCUS (CC-BY-4.0)
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https://github.com/zarr-developers/zarr-illustrations-falk-2022/tree/main

#iGerman

Pyramidal layout < Biolmaging

.‘ < —
Typical WSI image: ~30k x 30k pixels

Typical monitor: 2550 x 1440 pixels

Gesellschaft fir Mikroskopie und Bildanalyse

plate.ome.zarr/row/col/well/image/resolution/t/c/z/y/x

§ L L J1N L )
‘ Chunk coordinates
a > Image pyramid
U . a4
Plate Well Resolution levels Compressed chunk
0000000000 = = I @ Downsamplings: 0.3 GB A
o [ P e B .
DDEDDDDDDE B 5 -
COC000000cC .
DO0O000000 | » n B i
0000000000 | *, m] m}
CoCDo0000c \ ) B
OOO0O00000a N |l B .. —
17B 10 GB VB
2560 x 1822 2560 x 2430 2560 x 2160

Moore et. al: Histochemistry and Cell Biology (2023)
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S3 cloud storage

Where's the data?

Data is stored as

Hierarchy

Data can be
accessed through

Sharing

Scalability

Permissions

Local

Local drive

Files

Folders

File browser
(loading)

Copy data

Buy more
harddrives

Per network-drive,
per user locally

S3

Remote cloud

Objects with
metadata

None (Data lake)

Webbrowser
(streaming)

Via URL

Scales virtually
indefinitely

Data in buckets

Gerbi Teammeeting
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“i:Biolmaging
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S3: Simple Storage Solution — first introduced by AWS

;A

\§ / &
I

Q

£
S
- AR
-
P

Image ,,Clara shares“ by Henning Falk
https://github.com/zarr-developers/zarr-illustrations-falk-2022
(c) NumFOCUS (CC-BY-4.0)
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https://github.com/zarr-developers/zarr-illustrations-falk-2022/tree/main

: #:German.
Becoming OME-ZARR i Biolmaging

"multiscales”: [ / [item1, item2..]: Array of stuff
{ uk “«, « I (). N~
“coordinatesystems™: [ -~ {“key": “value“}: Dictionary of stuff
ls
"datasets": |
{
"path": "scale@/image", Human-readable metadata header file contains
"coordinateTransformations”: [ - . . . . .
] all important information about image (axis
}s ordering, pixel sizes, etc)
{
"path": "scalel/image",
"coordinateTransformations™: [ -
] This is what ,the spec” defines:
b
{ 3 3 . 3 . 3
"path”: "scale2/image”, [..] "multiscales" contains a list of dictionaries
]C°°Pd1“ate”a”5‘c°rmat1°"5 L where each entry describes a multiscale image. |...]
1. Each "multiscales" dictionary MUST contain the
e M 1] 11} . . . . . .
=11 t . . field "datasets", which is a list of dictionaries [...]
| path": "scale3/image",
= o "coordinateTransformations”: [
.--"""'—‘ ]
1 )
I

Gerbi Teammeeting 09.12.2025




RFCs

QUARTER

DESCRIPTION

#Z:German

Blolmaglng

Gesellschaft fir Mikroskopie und Bildanalyse

Through Q3 2025

—

Q4 2025

Q1 2026

RFC-2

Zarr v3

5D+

scalableminds

Monash

In progress

Transforms

Janelia / GerBlI

In progress

Simplify multiscales

scalableminds

In progress

Collections

scalableminds

In progress

RFC-7

Zips

Provenance

SciLifeLab

In progress

Drafting

RFC-10*

RFC-11*

Roadmap + Editorial Board

Core concepts

BioVisionCenter

Drafting

Discussion

Q2 2026

RFC-12*

Metadata

GerBI

Discussion

RFC-13*

Clean-up

Allen

Discussion

RFC-14*

v1.ALPHA

TBD

Gerbi Teammeeting

Discussion

09.12.2025



RFC5

plate.ome.zarr/row/ool/welI/image/resoIution/t/c/z/y/x

L )1\

7
Plate

> Well

#iGerman
".:-.: B|olmag|n,gr

Gesellschaft fir Mikroskopie und Bildanalyse

OME-ZARR provides support for
collections of images:

— Multi-resolution pyramids

— Multi-well plates

— Image + label

— RFC5: Spatial relationships

‘ l Chunk coordinates
> Image pyram:d

00000ogd

O 0000cc]
0000000
10101010007

s B wile R

09| |gao

I E Downsamplings: 0.3 GB |

1TB

..................................

Resolution levels

4

Compressed chunk

4

1MB

Moore et. al: Hlstochemlstry and Cell B|o|ogy (2023)

09.12.2025
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SES

ion/Stitching
Reconstruction of 3D volume

from individual 2D images
https://github.com/BIOP/ijp-

e image tile by tile

imagetoatlas

f = (10,0)

Multi-modal image registration

REGISTERED MR

Microscope stage movement

Skewed acquisition

Affine transformation

Gerbi Teammeeting

German
Biolmaging

Gesellschaft flir Mikroskopie und Bildanalyse

Atlas registration/3D reconstruction

Raw data 3D Atlases

Aligning
Bi

ig Adult mouse (Allen)
Brains and Adult mouse (other)
Atlases T Lo Developing mouse
‘ Spinal cord mouse
Adult rat

Adult human

Adult zebrafish

QuPath
Evident VSI
Zeiss CZI
OME-TIFF

Data visualization Data analysis

Co-labeling
Markers comparisons

Groups comparisons
Multiple metrics
I Partial Least Square
1212

Principal Component

Allen’s Ontology
navigation
Data management
Data Aggregation \
Quality checks Marker 1

# of salient regions

Marker 2 ;

@ 2

&8 o
Marker 1 <74

Marker 2

B section positioning along Z atlas axis (manual or by DeepSlice

gty 5

ﬁ . | ! Y

EE% :

< A > J o 7§
: :

e g ¢

C Atlas slicing angle adjustment (manual or by DeepSlice) E Manual refinement

X rotation r movable landmark

D Automatic in plane registration

Initial slice Affine transformation  Spline transformation

Chiaruttini et al. (2024), shared under CC-BY-NC-ND 4.0
International license.

09.12.2025



https://github.com/BIOP/ijp-imagetoatlas
https://github.com/BIOP/ijp-imagetoatlas
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

RFCS proposal =

German
Biolmaging

Gesellschaft fir Mikroskopie und Bildanalyse

Current transformations  New transformations:
scale translate scale, translate, rotate, affine,
oo : sequence, displacements, -
5 5 L coordinates, bijection,

\ _— f byDimension

translation  one of

"tranzlation’ !l'."at."a'filtl'l !
"multiscales”: [

{ ‘patn’istr
"coordinateSystems™: [ - "input”: “physical”, S G
], "name”: "shear-transformation”, el Lo
SCalr iL1ST{runber
"datasets": [ "affine": [ i
{ ‘path:str
"path": "scale®/image", PijeCt Iead: :
"coordinateTransformations": [ - John Bogovic, affne one g
] . ‘affine®:List[List [nusber]] |
y HHMI Janelia, USA
rotation one of

‘rotation :List]List{nuncar)| |,

path’:str

The identity transformation is the do-
nathing transfarmation and i fypically not
explicitly defined,

an axis permutation 35 3 transpose amay of
integer indices that refer to the ordering of

the aes in the respective coarcinate system,

Translation vector, stored sither 2 a list of
numbers [ “translation’ ) oras 3 Zam amay

at & location in this container { path ).

Scale vector, stored either 25 3 listof
nurnbers { scale | or 2 3 23 amay at 2

|ncation in this container | path ).

20 affine transformation matrix stored ither
with JSOM { affine ) oras 3 zam amay at 3

Incation in this container [ path ).

20 rotation transformation matrix stored 2
an amay stored either with json | ratation )
OF 5 3 ZaIT amay &t & location in this

continer [ path ).

https://ngff.openmicroscopy.org/rfc/5

Gerbi Teammeeting
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https://ngff.openmicroscopy.org/rfc/5

German
Past & future “:Biolmaging

Gesellschaft flir Mikroskopie und Bildanalyse

Coordinate systems and new coordinate transformations proposal

= Rfc5 review response -

1. WIP: Rfc5 review replies pt. 2 Present

|

1

|

1

|

1

|

1

|

:

— Release specification 0.6 (transforms + minor stuff) !
— Update popular read/write tools (ngff-zarr, ome-zarr-py, etc) v January

Gerbi Teammeeting 09.12.2025
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ngff.openmicroscopy.org

Gerbi Teammeeting 09.12.2025
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https://image.sc

@ image.sc :': AGAVE
—ﬁ BIAFLOWS
10 BoneJ
@ Cytomine
555 GloBIAS ® -
l’ ImgLib2 ImJoy
0 Mars

MGX
ModularimageAnalysis 6 MorphoGraphX

A

[ X ] L)

e e OME ¢+ ® ¢ OMERO

L X J -

Piximi /<) PolusAl

2> scenery \‘- SCIFIO
StarDist #isws TeamTomo

!I.:IM ZeroCostDL4Mic

Rueden CT, Ackerman J, Arena ET, Eglinger J, Cimini BA, Goodman A, et al. (2019)

AlCSImagelO

< S,
K o4

iﬁc
=

ool i

Cellpose

. DeepLabCut
-

OmesIicC
& PYME

ﬁ‘..j scikit-image

% TissUUmaps

@ Arkitekt
Q BiofilmQ
m CellProfiler
[ Fii

! ilastik
izops. iRODS
O MIB

. napari

) OpenlRIS

H.py Python-Microscope @ QUAREP-LIMi

@z sciview

E vedo

Ay Aydin

> Bio-Formats

é ImageJ
Ui[) JIPipe
. UManager

NEUBIAS

@ OpenSPIM

é SmartMicroscopy

VVDViewer

#:German .
=2 Blolmaging
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BA D BAND

/’.-?j BiolmagelO
.

(z:) SR-Tesseler
i

% webKnossos

Scientific Community Image Forum: A discussion forum for scientific image software.
PLoS Biol 17(6): e3000340. https://doi.org/10.1371/journal.pbio.3000340
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