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« [...] The goal of CSCW is to help promote and utilize technology in a collaborative
way, and help create new tools to succeed in that goal. » (Wikipedia)
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Cytomine for collaborative image-based (biomedical) research
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Cytomine for coIIaborative image-based (biomedical) research
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cytomine enables collaboration through the web
(Sharing of images, annotations, algorithms, results)

(Marée et al., Bioinformatics 2016 ; Rubens et al., Proteomics Clin Appl. 2019 ; Rubens et al., Cell Patterns, 2020)

http://$CYTOMINE_URL/#share-annotation/idannotation
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ﬁ&,&ﬁﬂ. COo=UEtBn0

e.g. -

Learning
100K x 100K pixels, -
0.23um/pixel .

open source http://$CYTOMINE_URL/api/annotation.json?&project=idproject&users=idusers f

We use $CYTOMINE_URL = https://research.uliege.cytomine.org/


http://demo.cytomine.be/#tabs-image-528050-528132-
http://localhost-core/#tabs-image-4022-4122-0

Collaboration tools
(Computer-Supported Cooperative Work)

« [...] The goal of CSCW is to help promote and utilize technology in a collaborative
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Shareish to foster diverse solidarity practices in civil society

e .0
0e%:®

Downstream




Collaboration tools
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« [...] The goal of CSCW is to help promote and utilize technology in a collaborative
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Shareish to foster diverse solidarity practices in civil society
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Shareish to foster diverse solidarity practices

(non-monetary sharing, mutual aid, network-generalized exchange, gift economy,
indirect reciprocity, third party altruism, random acts of kindness, community economy, stooping,

gleaning, grafiteria/donnerie,...) [Kropotkin; Spade ; Ekeh; Yamagishi and Cook; Lampinen et al. ; Mauss ; Graeber ;
Nowak & Sigmund ; Trivers ; Herbert; Bellotti et al. ; Gibson-Graham];

Client-side
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Cytomine & Shareish are

github.com/cytomine-uliege
~$?  doc.uliege.cytomine.org/ (permissive license)
github.com/shareish

open source

The recipe (source code) is public.

all _votes_class = Parallel(n_jobs=n_jobs)(

delayed(_parallel_confidence_map)(
pixels[starts[i]:starts[i + 1]],
_Y[starts[i]:starts[i + 1]],
starts[i],
boxes,
width,
height,
pyxit.base_estimator.n_classes_[0],
pyxit_target_width,
pyxit_target_height)

for 1 in xrange(n_jobs))

(figure adapted from opensource.com

— Freedom to install, inspect, extend, improve, reproduce, redistribute



Cytomine & Shareish are

> Code: https://github.com/cytomine-uliege. Demo server with datasets: http://
research.uliege.cytomine.org/ username: eccv2022bic password: deep-fish.

t Cytomine ULiége

Follow

This is the ULiége R&D Cytomine version (2010-...) with experimental features. For official base version, support & demo account contact @cytomine.

cyt@mine A4, 6 followers @ Liege, Belgium & https:/fuliege.cytomine.org/ L @cytomine_uliege [ uliege@cytomine.org

Pinned

[ Cytomine-community-edition Public

Forked from cytomine/Cytomine-community-edition

Cytomine Community ULiége Edition. See @cytomine for official releases.

@ Shell ¥ 1

[ Cytomine-Web-Ul = Public

Forked from cytomine/Cytomine-Web-Ul

Cytomine-Web-Ul is the graphical user interface we support for Cytomine.

Our fork includes R&D experimental features. See @cytomine for official

releases.

@vue W6 %4

[} Repositories

Q Find a repository...

Cytomine-Web-Ul  Public

Cytomine-Web-Ul is the graphical user interface we support for Cytomine. Our fork includes R&D experimental

features. See @ecvtomine for official releases.

Customize pins

B Cytomine-bootstrap = Public

Forked from cytomine/Cytomine-bootstrap

Cytomine Community ULiége Edition Legacy. Our fork includes R&D
experimental features. See @cytomine for official releases.

dshell w4 %o

B Cytomine-core-spring ' Public

Forked from cytomine/Cytomine-core-spring

Cytomine ULiége Core in Spring Boot. See @cytomine for official releases.

® Java

Type ~ Language ~ Sort ~

e AMM A

pyxit_target_height)
for 1 in xrange(n_jobs))

About s

Cytomine Community ULiége Edition.
See @cytomine for official releases.

docker-compose cytomine

0 Readme

&8 Apache-2.0 license

Top discussions this past month

Discussions are for sharing announcements,
creating conversation in your community,
answering questions, and more.

Start a new discussion

People

€ P9

Invite someone

Top languages

(figure adapted from opensource.com

— Freedom to install, inspect, extend, improve, reproduce, redistribute



Why open-source ?
A need for research/civil community autonomy while existing tools

were proprietary and subject to arbitrary/unpredictable decisions
(« vendor lock-in », « data lock-in », limited impact, ...)

https://optics.org/news/3/10/16 @Hitachi Data Systems | pix dala inteD)

Definiens closes funding round for digital pathology expansion o O G @)
15 Oct 2012 ... Investment of €10 million proves that image analysis techniques have potential to

transform cancer diagnosis, company believes.

https://www.astrazeneca.com/media-centre/press-releases/2014/medi...

Medimmune completes acquisition of Definiens - AstraZeneca

26 Nov 2014 ... Definiens is the leading provider of image analysis and data mining solutions for
tissue diagnostics and clinical digital pathology. Definiens ...

Hitachi Data Systems and Pixcelldata are proud
to anno unccﬂ-cn 1b| clin |c:al innovation in
digital pathology. -

[T L p— [T —————

e @
TUHX IR TSR TR AN YT ¢

The reviewer can collect-digital annotations

Copyright © 2015 CellSolutions, LLC. All rights reserved.



Why open-source ?
A need for research/civil community autonomy while existing tools

were proprietary and subject to arbitrary/unpredictable decisions
(« vendor lock-in », « data lock-in », limited impact, ...)

IE.g. the Jaspr Trades for "cash-free swap community in Berlin" suddenly ended its
activity, the renting platform Usitoo in Belgium did not find a sustainable business
model and was discontinued, the Kassi online forum "with the aim of linking those
who can give something to those who are in need" [41] became as a start-up company
the "Sharetribe online marketplace to sell, buy, and lend stuft”, ...

Twitter announces new API pricing,
posing a challenge for small developers

/ After announcing it would be
changing its API rules in February,
Twitter has now detailed how free
access to its APl will work in the
future.

Home > Tech

Twitter's APl keeps breaking, even for developers paying
$42,000

Everything worked fine until Elon Musk took over.

By Matt Binder on June 29, 2023 f X o



Why open-source ?

Direct way to « give back » to society (« commons ») as we relied on
public funds and we re-used many existing open-source libraries /

open data

L cytomine

Service public

Wallonie de Wallonie
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1,2 WK MARSHALL
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EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

COST is supported by the EU Framework
Programme Horizon 2020

Horizon 2020
European Union Funding
for Research & Innovation
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open data

i

Client-side

Why open-source ?
Direct way to « give back » to society (« commons ») as we relied on
public funds and we re-used many existing open-source libraries /
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Open-source impact

Eases collaboration, adoption and replication by other researchers, and
extension to other application domains (beyond initial scope, by others)

ﬂggmulis ccosktE

(Rudraiah et al.,
submitted, 2023)



https://research.cytomine.be/#/project/542576251/image/545230375/slice/545230440:545230441:545230442:545230443?viewer=hw1y4806f
https://research.cytomine.be/#/project/542299215/image/542393156/slice/542393157?viewer=37d0rut2j
https://research.cytomine.be/#/project/542576374/image/544126320/slice/544126321?viewer=busiv86rk
https://research.cytomine.be/#/project/542568457/image/545129798/slice/545129979:545129980?viewer=uahqhk6h3
https://research.cytomine.be/#/project/542576251/image/542619448/slice/542619517?viewer=d1p4ltts9
https://research.cytomine.be/#/project/542576143/image/545015178/slice/545015487?viewer=no50o15zf

Open-source impact

Eases collaboration, adoption and replication by other researchers, and
extension to other application domains (beyond initial scope, by others)
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(Rudraiah et al.,
submitted, 2023)


https://research.cytomine.be/#/project/542576251/image/545230375/slice/545230440:545230441:545230442:545230443?viewer=hw1y4806f
https://research.cytomine.be/#/project/542299215/image/542393156/slice/542393157?viewer=37d0rut2j
https://research.cytomine.be/#/project/542576374/image/544126320/slice/544126321?viewer=busiv86rk
https://research.cytomine.be/#/project/542568457/image/545129798/slice/545129979:545129980?viewer=uahqhk6h3
https://research.cytomine.be/#/project/542576251/image/542619448/slice/542619517?viewer=d1p4ltts9
https://research.cytomine.be/#/project/542576143/image/545015178/slice/545015487?viewer=no50o15zf
https://research.cytomine.be/#/project/542576374/image/543034680-545025783-543034522/slice/543034681-545025790-543034523?viewer=ixy3wvufe

Open-source impact

Eases collaboration, adoption and replication by other researchers, and

extension to other application domains (beyond initial scope, by others)

This project illustrates the 2D tracking of cell
- —— . nuclei. The time-lapses are derived from Fluo
o ' 20H-5IM+ datasets from Cell Tracking

Cha

The images are crops of histopathology slides
taken from the 2015 MICCAI challenge of gland

Seg]

(GLaS 2015). The aim of the

problem is to classify pixels as belonging to a gland or not. These
Mages were used to train machine earming based wor kfl:-wa

Landmark detection in Drosophila wings, data  ga==m,

LANDMARKS-DROSO fram UPMC (V

ndaele et al., Nature Scientific

Reports, 2018)

This project illustrates the 3D tracing of blood

by Vascu

and some artificial noise was added

vessels. The images were generated

K, a biological image simulator

New workflow run

Workflow
NucleiSegmentation-Python (v1.1)
NucleiSegmentation-CellProfiler (v1.4.1)
NucleiSegmentation-Image) (v1.10.1)
NucleiSegmentation-MaskRCNN (v1.3)

NucleiSegmentation-ilastik (v1.0)

Detailed results per image

Workflow run

# NucleiSegmentation-ilastik (v1.0) #1 on Mar 25, 2019 1:19 PM

* NucleiSegmentation-MaskRCNN (v1.3) #1 on Mar 25, 2019 9:16 AM
* Nucle Segmentation-image] (v1.10.1) #2 on Mar 19, 2019 10:37 AM
# NucleiSegmentation-Python (v1.1) #6 on Mar 18, 2019 4:10 PM

# NucleiSegmentation-CellProfiler (v1.4.1) #2 on Mar 11, 2019 9:22 AM

Dice coefficlent

MIN MAX
0.58 0.637
0.587 0.649
0.613 0.67

0.554 0.613

0.558 0,637

Workflow runs

Run a workflow

New workflow run

Workflow
MNudleiSegmentation-image) (v1.10.1) v
Name Value
@ Radius 5

©® Threshold

=

Cancel Run a workflow
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https://biaflows.neubias.org/#/project/12182234/image/12294462-12294462-12294462-12294462/slice/21033764-21033764-21033764-21033764?viewer=_ryq2gozim

Open-source impact

Eases collaboration, adoption and replication by other researchers, and
extension to other application domains (beyond initial scope, by others)

!,{' BIAFLOWS 8 Workspace » [ Problems I Workflows

Ee

Detailed results per image

Workflow run

W NucleiSegmentation-Cellpose (v1.2.2) #1 on Mar 5, 2021 8:08 PM

% NucleiSegmentation-Stardist (v1.3.2) #2 on Mar 5, 2021 8:32 AM

* Muc eisegmentation-ilastik (v1.4.2) #1 on Nov 28, 2020 11:52 AM

* NucleiSegmentation-MaskRCNN (v1.5.4) #1 on Nov 28, 2020 11:35 AM
* MNucleiD5BSegmentation-Image] (v0.1.1) #1 on Nov 27, 2020 9:27 PM

* NucleiSegmentation-UNet (v1.2.1) #1 on Nov 27, 2020 2:35 PM

ANNOTATION LAYERS

© Mean Average Precision [Main metric]

AVG

+ & Guest Account (guest) v @ Help

ANNOTATION LAYERS

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY
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ANNOTATION LAYERS

d by the EU Framework

© Average Hausdorff distance © Fraction Overlap Pred
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BIAFLOWS: A Collaborative Framework

to Reproducibly Deploy and Benchmark

Bioimage Analysis Workflows

Ulysse Rubens,”'* Romain Mormont,'" Lassi Paavolainen,” Volker Backer,” Benjamin Pavie,” Leandro A. Scholz,

Ging Michiels,” Martin Maska,” Devrim Unay,” Graeme Ball,” Renaud Hoyoux,'” Rémy Vandaele,” Ofra Golani,''
Stefan G. Stanciu,'* Natasa Sladoje,'” Perrine Paul-Gilloteaux,'* Raphasl Marée, " and Sébastien Tosi'*" "%


https://biaflows-sandbox.neubias.org/#/project/1032342/image/1042915-1042915-1042915-1042915/slice/1042916-1042916-1042916-1042916?viewer=_uv77qnx8r

Open-source impact

Eases collaboration, adoption and replication by other researchers, and
extension to other application domains (beyond initial scope, by others
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¥ cytomine / S5_CellDetect_Stardist HE_ROI

Torkod from Cylomine-ULisge'S_CelDetect_Stardst_HE_ROH
<> Code =) Actions

lssues 2 Pull requests.

FROM cytomine/software-python3-base:v2.2.0

Install Stardist and tensorflow

RUN pip install tensorflow==2.2.0

RUN pip install stardist==0.6.0

RUN mkdir -p /models && \ /
cd /models &&
mkdir -p 2D_versatile_HE

ADD config.json /models/2D_versatile_HE/config.json

ADD thresholds.json /models/2D_versatile HE/thresholds.json

ADD weights_best.h5 /models/2D_versatile_HE/weights_best.h5

RUN chmod 444 /models/2D_versatile_ HE/config.json

RUN chmod 444 /models/2D_versatile_ HE/thresholds.json

RUN chmod 444 /models/2D_versatile_ HE/weights_best.hs

Install scripts
ADD descriptor.json /app/descriptor.json
RUN mkdir -p fapp

ADD run.py fapp/run.py

ENTRYPOINT ["python3", "/app/run.py"]

W NucleiSegmentation-Cellpose (v1.2.2) #1 on Mar 5, 2021 8:08 PM

% NucleiSegmentation-Stardist (v1.3.2) #2 on Mar 5, 2021 8:32 AM

* MNucleiSegmentation-ilastik (v1.4.2) #1 on Nov 28, 2020 11:52 AM

* MucleiSegmentation-MaskRCNN (v1.5.4) #1 on Nov 28, 2020 11:35 AM
W NucleiDSBSegmentation-Image] (v0.1.1) #1 on Nov 27, 2020 9:27 PM

# MucleiSegmentation-UNet (v1.2.1) #1 on Nov 27, 2020 2:35 PM
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config json h models

descriptor json

details = model.p

nun.py

edict_instances(img,

labels,

. prob_thresh=conn.parameters.stardist_prob_t,
nms_thresh=conn.parameters. stardist_nms_t)

¢len{details['coord"]))

on(}

screenshot-launch.jpg

print{"Number of detected polygons: %d"

screenshot jpg

cytomine_annotations = Anr

#Go over detect

thresholds json
waights_best hf or pos,polygroup
points = list()

README.md for 1 in range( len(polygroup[@])):

S_CellDetect_Stardist_ROI

p= {minx+polygroup[1][i], miny-polygroup[8][i])
points.append(p}

annotation = F

lygon{points)

cytomine_annotations (location=annotation.wkt,

id_image=id_image, vce
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Ulysse Rubens,’-'" Romain Mormont,''" Lassi Paavolainen,” Volker Backer,” Benjamin Pavie,” Leandro A. Scholz,”
Gino Michiels,” Martin Maska,” Devrim Unay,” Graeme Ball,” Renaud Hoyous,'” Rémy Vandaele,” Ofra Golan:
Stefan G. Stanciu,'* Natasa Sladoje,’” Perrine Paul-Gilloteaux,'* Raphag! Marée,’-'” and Sébastien Tosi'™



https://biaflows-sandbox.neubias.org/#/project/1032342/image/1042915-1042915-1042915-1042915/slice/1042916-1042916-1042916-1042916?viewer=_uv77qnx8r

Open-source impact

Eases collaboration, adoption and replication by other researchers, and
extension to other application domains (beyond initial scope, by others)
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(Vanhee et al. Journal of Pathology Informatics, 2019)
(Vries et al., Anatomical Sciences Education, 2023)



Open-source impact

Eases collaboration, adoption and replication by other researchers, and
extension to other application domains (beyond initial scope, by others)
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(Sabatelli et al., DHQ 2021)

(SpaceBel, X. Song, Master Thesis 2019)
(X-Ris, ADRIC project)


https://research.cytomine.be/#/project/19653296/image/20557619/slice/146658627?viewer=98vk241z3
http://research.cytomine.be/#tabs-image-109101244-118774672-
https://research.cytomine.be/#/project/124059530/image/124529576/slice/146657050?viewer=26g1mob6i
https://research.cytomine.be/#/ontology/56930979
https://geoimaging.uliege.be/#/project/5648165/image/5685156-5713650?viewer=7qsuqf609

Open-source + open data (FAIR)

= developed open-source, cross-platform software tools to:

IMI2 Topic 1: Central repository of digital pathology slides to support o upload, search and access slides and associated metadata;

the development of artificial intelligence tools
18th Call for proposals o visualise and annotate the slides;

s download slide for data mining and model development.
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bigpicture
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PeterMac San Raffaele %5 PROTEIN ATLAS

BigPicture project (2021-2027) : building the largest european
GDPR-compliant open-access repository of digital pathology
slides (clinical & non-clinical) to support the development of
artificial intelligence tools

(incl. hardware, software, legal, and ethical issues)




Open-source & valorization

* Permissive open-source licence eases scientific collaboration with researchers
and companies

* Researchers’ international mobility and entrepreneurial activities

* Commercial proprietary / non-proprietary releases

* Cytomine SCES (https://doc.cytomine.org) [2017,...[

* Open-source « Community edition » code maintenance,
documentation, and community management

* Cytomine corporation (https://cytomine.com) [2021, ...

* Services and development of software modules on top of the
open-source software for diverse clients
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https://cytomine.com/
https://envt.fr/actualites/innovation-pedagogique-dans-les-envf-un-microscope-virtuel/
https://www.uness.fr/actualites/uness-lames-virtuelles-la-microscopie-pour-tous

Other thoughts

* Cytomine might be useful @ ULiege level to share imaging data ?

* Who ? How ? Image viewer for Dataverse & Oliver ?

* How to improve open-source practice & impact @ ULiege ?

* Need for permanent research software engineers ?

* Share/mutualize open-source best practices ?

* Code hosting, documentation

* Attract contributors, organize hackathons & mini-conference,
manage community,...

* Target specific funding for open source software development
& maintenance (NLNet Foundation,...)

* — Jérémie Fays « Open Source academy » !
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