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Data analysis

• Statistics

• Visualisation 
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Recommendation: Use image processing in the loop & improve the quality of your workflow

• Image data cleaning

• Channel unmixing

• Image classification

• Object detection

• Denoising

• Restoration

• Super-resolution

• Registration

Image 

preprocessing

Image 

processing
Quantification

• Segmentation

• Detection

• Classification

• Tracking

• Morphology

• Lineages

• Embedded features

• Data distributions

Open source tools

Image 

acquisition

• Widefield

• Confocal

• SMLM

• DIC

• EM

• High-throughput

• High-content

• Multispectral

Deep learning playground �https://forum.image.sc/

Microscopy imaging: be ready to play🧩

How can we make it accessible?

🤹‍♀️



User friendly (accessible)Open-source science (technology) Reliable
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User friendly (accessible)User friendly (accessible)Open-source science (technology)

… 2015

README with 

description of the zip

• C++ and Caffe 

bianaries

O. Ronneberger & T. 

Borx, MICCAI 2015

First U-Net 

development
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Reliable

Papers with code

2017 2018

README with instructions for 

code installation and run

E. Gómez-de-Mariscal et al., Sci Reports 2019



Open-source science (technology)

2019… 20202015

deepImageJ

cellpose

2021

README with 

description of the zip

• C++ and Caffe 

bianaries

O. Ronneberger & T. 

Borx, MICCAI 2015

First U-Net 

development

5

2022

User friendly (accessible)Reliable

Papers with code

2017 2018

README with instructions for 

code installation and run

E. Gómez-de-Mariscal et al., Sci Reports 2019



Community meeting the challenges for machine learning 
enabled bioimage analysis
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• ImageJ / Fiji plugins

• CSBDeep

• Noise2Void

• DenoiSeg

• StarDist

• DeepImageJ

• Ilastik

• Knime

• Icy

• Qupath

• Weka

• CellProfiler

• DeepCell

• Cellpose

• Google Colab*

• ZeroCostDL4Mic

• DeepTrack

• DeepLabCut

• MONAI

• LiveCellMiner

• DeepMIB

cellpose

Community making it possible
Scientific Community Image fórum: https://forum.image.sc

NEUBIAS Academy@Home: http://eubias.org/NEUBIAS/training-schools/neubias-academy-home/

COBA center (Cimini & Carpenter): https://openbioimageanalysis.org/

iBiology: https://www.ibiology.org/biology-online/

BioImage Informatics Index: https://biii.eu/
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High
Computational

resources

Data

Technical 

skills

⏳💻
🥵⚙️🤹

🗂️

🔬

CHALLENGES FOR ACCESSIBILITY



Deep learning:
an extremely hot topic in the field 🔥
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*Findable, Accessible, Interoperable and Reusable

… and FAIRy* open-source solutions, the jewel in the crown

E. Gómez-de-Mariscal*, C. García-López-de-Haro*, et al., Nature Methods 2021
L. von Chamier et al., Nature Communications 2021
O. Wei*, F. Beuttenmueler*, E. Gómez-de-Mariscal*, C. Pape* et al., bioRxiv 2022

C. Spahn, E. Gómez-de-Mariscal, …, R. Henriques, Communications Biology 2022
I. Hidalgo-Cenalmor et al., bioRxiv 2023
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User friendly 

frameworks

Resources

Computational & Data

Standards

Transfer 

learning

deepImageJ BioImage.IO DeepBacs

FAIRy deep-learning ecosystem🧚
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Gómez de Mariscal, E. et al., NEUBIAS Springer, 2022

What is a (pre)trained model?
High Comp. 

resources

Data

Technical 
skills

• Architecture

• Trained Weights

Once trained, the model state is frozen and the inference consists of 

running a series of static operations (e.g., convolutions, downsampling)



Fully equipped for scientific image VISUALIZATION and 

QUANTIFICATION

deepImageJ

Daniel SageArrate Muñoz 
Barrutia

Carlos García 
López de 

Haro

Estibaliz 
Gómez de 

Mariscal

Wei
Ouyang

Back in 2018…
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High 
Comp. 

resources

Data

Technical 
skills

Schneider, C. A., et al., Nature 
Methods, 2012

Rueden, C. T., et al., BMC 
Bioinformatics, 2017

Schindelin, J., et al., Nature
Methods, 2012

ImageJ is fully equipped for scientific image 

VISUALIZATION and QUANTIFICATION



“How can I apply it to my data?”

(Re-)training

Fine-tuning
🤯
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DL-based image processing is mostly about Python code
How easy could it be?

• ~50 lines to explain installation

• GPU compatible version… 

Do I have a GPU?

• Windows or Linux… I have a cool M2

• CUDA? NVIDIA drivers??

After all, there are no instructions for 
training with the local installation 😔

There should be a way 

to make it easy



ZeroCostDL4Mic: full user-friendly deep learning experience

FREE GPU service🤑

Unified user-friendly interface 

→ No coding 🥳

L. von Chamier et al., Nat Comms 2021

13

High 
Comp. 

resources

Data

Technical 
skills

Guillaume 
Jacquemet

Ricardo 
Henriques

Romain 
Laine

Lucas von 
Chamier



ZeroCostDL4Mic: full user-friendly deep learning experience

Guillaume 
Jacquemet

Ricardo 
Henriques

Romain 
Laine

Lucas von 
Chamier

Unified user-friendly interface 

→ No coding 🥳

L. von Chamier et al., Nat Comms 2021

High 
Comp. 

resources

Data

Technical 
skills

Directly open the notebooks 

from the documentation Training set up

Train

Evaluate

FREE GPU service🤑



C. Spahn et al., Communications Biology 2022

Christoph 
Spahn

Streamlined deep learning for 

microbiology
DeepBacs

15

ZeroCostDL4Mic: full user-friendly deep learning experience

Guillaume 
Jacquemet

Ricardo 
Henriques

Romain 
Laine

Lucas von 
Chamier

Unified user-friendly interface 

→ No coding 🥳

L. von Chamier et al., Nat Comms 2021

High 
Comp. 

resources

Data

Technical 
skills

FREE GPU service🤑



I. Hidalgo-
Cenalmor

R. HenriquesG. Jacquemet

DL4MicEverywhere: Deep learning for microscopy made 

flexible, shareable, and reproducible

github.com/HenriquesLab/DL4MicEverywhere/

Automated containerization

Build upon ZeroCostDL4Mic to run DL notebooks 
everywhere 🌍

Interface
Safe 

encapsulation

local/remote host

Load data

Train model

Predict

Quality control

I. Hidalgo et al., DL4MicEverywhere: Deep learning for microscopy made flexible, shareable, and reproducible, bioRxiv 2023

Proprietary platform 

Open source, community driven platforms

Open container initiative
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FAIRy deep-learning🧚

Findable, Accessible, Interoperable and Reusable



FAIRy deep-learning (Findable, Accessible, Interoperable, Reproducible) 🧚
The training data

The notebook

Direct contact 

with the 

developer

The trained model

Spahn C., et al., Comm Biology 2022
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W. Ouyang *, F. Beuttenmueller*, E Gómez-de-Mariscal*, C. Pape*, et al., bioRxiv 2022

BioImage Model Zoo
Advanced AI models in one-click

Wei Ouyang Anna KreshukFlorian Jug



W. Ouyang *, F. Beuttenmueller*, E Gómez-de-Mariscal*, C. Pape*, et al., bioRxiv 2022

Universal deep 

learning model 

format

deepImageJ

High 
Comp. 

resources

Data

Technical 
skills

Interoperability: From the community for the community 🧚

BioImage Model Zoo
Advanced AI models in one-click
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Wei Ouyang Anna KreshukFlorian Jug



Quick AI feature integrations

Model metadata

In
p

u
t 

ti
le

s

Output tiles

Input image Output image

Models tailored for bioimage analysis

Input example Output example

Metadata

Shape: 256 x 256 pixels

Pixel size: 0.19 μm x 0.19 μm

Input 

shape

Output 

shape

Receptive 

field

Normalisation Postprocessing

Common 

resource 

specifications
Python and Java utilities⚙️

Bringing standards to the FAIRy deep learning ecosystem
High Comp. 

resources

Data

Technical 
skills
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deepImageJ

• W. Ouyang *, F. Beuttenmueller*, E 
Gómez-de-Mariscal*, C. Pape*, et 
al., bioRxiv 2022

• C. García-López-de-Haro, JDLL: A 
library to run Deep Learning models 
on Java bioimage informatics 
platforms, 2023



High 
Comp. 

resources

Data

Complex

Model fine tuning

New model contribution

🌍

⚙️

GUI for model management

Support reproducibility
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🤹
W. Ouyang *, F. Beuttenmueller*, E Gómez-de-Mariscal*, C. Pape*, et al., bioRxiv 2022



Boost data annotation

Fine tuning

W. Ouyang *, F. Beuttenmueller*, E Gómez-de-Mariscal*, C. Pape*, et al., bioRxiv 2022

deepImageJ

Analyze

Download a 

pretrained
modelBioImage.IO 

Speed up data annotation

Process an image

Curate the results

New training data
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High 
Comp. 

resources

Data

Technical 
skills



Ulman, V. et al., Nature Methods 2017

Uwe Schmidt et al., MICCAI 2018

Legland, D., Arganda-Carreras, I., & Andrey, P., Bioinformatics, 2016

2D PARTIAL Annotations

(Cell Tracking Challenge)

+

pre-trained model

deepImageJ

Time lapse movies of 3D volumes

Considerations when annotating data

~300 GB of data

> 300 (3D) nuclei per time frame

Reconstruct 3D nuclei

DL segmentation + 3D connected 

components

High 
Comp. 

resources

Data

Technical 
skills
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The potential of pre-trained models and interoperability



Matskevych, A. et al., Frontiers in Computer Science 2022

The potential of pre-trained models: domain adaptation
High 

Comp. 
resources

Data

Technical 
skills
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Download a trained 

enhancer model from 

the BioImage Model Zoo



What’s the vibe in the 

community?

🦄
25



BRIDGING THE LIFE & 

COMPUTER SCIENCE 

COMMUNITY

26

10 8

3 4M

PARTNERS COUNTRIES

YEARS EUROS 

Community Partners

Project Partners

INFRASTRUCTURE FOR LIFE SCIENCES

AI4Life

AI MODELS AND METHODS FOR THE LIFE SCIENCES
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Tech-in-the-lab

Seeking for an empowered life-sciences community

What’s the vibe?
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V. Ulman & M. Maska et al., Nat Methods 2017

2021:  Reusability guidelines (optional)

ISBI 2022: 11 participants

• All top performing methods

• 100% followed reusability guidelines

Computer Scientists: Awareness of reusability to speed up

- Benchmarking

- Scientific breakthrough

Tech-in-the-lab

Seeking for an empowered life-sciences community

Data analysis on the loop

Optimised integration of DL into imaging

What’s the vibe?

Vladimir Ulman Martin Maska



Scientists & researchers: Automatically guided analysis

- Embedding non-digested scientific knowledge 

(sparse information)
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Computer Scientists: Awareness of reusability to speed up

- Benchmarking

- Scientific breakthrough

Tech-in-the-lab

Seeking for an empowered life-sciences community

Data analysis on the loop

Optimised integration of DL into imaging

What’s the vibe?

A. Kirillov et al., Segment Anything, arXiv 2023https://github.com/computational-cell-analytics/micro-sam



Donati, Laurène, EPFL

Unser, Michael, EPFL

Lundberg, Emma, SciLifeLab, KTH 

• Pengo, Thomas, University of Minnesota

• M. Gordaliza, Pedro, UC3M

• Yair Rivenson, UCLA

• Hongda, Wang, UCLA

• Tosi, Sébastien, IRB Barcelona

• Eglinger, Jan, FMI Basel

• Reuden, Curtis LOCI Lab

• Schmidt, Deborah, MDC

• Olivo-Marin, Jean-Christophe, Institut Pasteur

• Tivenez, Jean-Yves, Institut Pasteur

deepImageJ team

Carlos

García-López 

De-Haro

■ EPFL Center

for Imaging

Arrate 
Muñoz 
Barrutia

Daniel 
Sage

Wei
Ouyang

Lucía Moya

BioImage Model Zoo

■ EPFL Center for Imaging

DeepBacs

G. Jacquemet R.F. Laine

C. Spahn P.M. Pereira

Prof. R. Henriques

Funded by the European Union. Views and opinions expressed are however those of the authors only and do not necessarily reflect those of the European Union. Neither the European Union nor the granting authority can be held responsible for them.
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