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I. Artificial Intelligence, Deep Learning & 
Machine Learning
What is the difference?



Definitions

• Deep Learning is a sub-domain of Machine 
Learning which itself is a field of Artificial 
Intelligence
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Definitions

• Deep Learning is a sub-domain of Machine 
Learning which itself is a field of Artificial 
Intelligence

• Machine Learning includes several statistical 
methods

• Deep learning methods are more complex and 
« autonomous »

• For image analysis➜ Neural Networks
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Supervised Deep Learning

Training dataset
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Supervised Learning: Main Issues
Amount of annotated data

Large dataset needed

Heterogeneity

Training dataset must represent the 
diversity of data

Annotation quality

• Possible mistakes

• Possible bias
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Classification Segmentation

Determines the class of each image Determines the class of each pixel from each image

Deep learning for image analysis

Is it a dog or a cat? Which pixels belong to the class “dog” ?

Balluet et al., Journal of Microscopy, 2022
https://www.mocomakers.com/cats-versus-dogs/

Held et al., Nature Methods, 2010

Which phase of the mitosis is it? Where are the cells? How many are them?
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https://onlinelibrary.wiley.com/share/RMQEN2NKPWUCX9NBHJXB?target=10.1111/jmi.13062
https://www.mocomakers.com/cats-versus-dogs/
https://www.nature.com/articles/nmeth.1486


Neural Networks

Neural networks are inspired from brain

• Neurons which treat information

• Organized in several layers

• First: receive data and computes an activation 
function and transmits results to the next layer

• According to previous results, some neurons are 
activated or not

• Last: give the output (e.g. a probability that a sample 
belongs to each class)

• Layers are connected with different weights, which are re-
calculated for each iteration

• Goal: minimize a cost function to have the best results
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Convolutional Neural Networks (CNN)

A type of neural networks mainly used for image analysis

www.developersbreach.com
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https://www.analyticsvidhya.com/blog/2021/05/convolutional-neural-networks-understand-the-basics/


II. Applications of Deep Learning for image 
analysis in biology
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II.1 Deep Learning for smart 
microscopy



Smart Autonomous Microscopy



Detection of cells + Capture of rare events



Training Dataset for Classification: Cell Cognition
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Held et al., Nature Methods, 2010

https://www.nature.com/articles/nmeth.1486


Generalization issue

Could the same classification model be used to classify:

Cells from various origins?

Cells with different markers?

According to another biological question?
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Transfer Learning
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Retrain “lightly” the model Small dataset with already 
labeled images required

How many images are required?

HeLa_Hoechst
(80 images)

Cell Cognition
(320 images)



II.2 Deep learning for histopathology



Why using deep learning for 
fibrosis detection?

Faster 
analysis

Reduce 
bias

Reproducible 
research
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To estimate proportion of fibrosis on a tissue

Combining fibrosis analysis 
with omics analysis

19.1%

25%



Training Dataset
Images come from a databank build by the American 
National Cancer Institute

Cancer Genome Atlas (TCGA) contains data from 20,000 primary cancer (33 types)

Downloaded histological data from 61 patients
• 135 svs slides
• Only 13 used for training
• Colored with H&E
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QuPath
An free open source software for digital pathology image analysis

Bankhead et al., 2017

• Whole tissue visualisation

• TMA Analysis

• Stain estimation

• Automatic cell detection 

• Automatic measurements and statistics

• Image annotation
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https://www.nature.com/articles/s41598-017-17204-5


Image Annotation with Qupath

Classes used for segmentation
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Epithelium Fibrosis Background Secretion Bleeding Necrosis Inflammation



Model Integration in QuPath
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Schmauch et al., 2020

Combination of Histology 
and Transcriptomics

https://www.nature.com/articles/s41467-020-17678-4


Diagnostic
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Modèle entraîné
sur la correlation 

données RNA-
seq / 

histologiques

Arrive à prédire le 
profil

transcriptomique
à partir d’une

image de lame en
quelques minutes

Plus rapide que 
de sequencer 

l’ARN du patient 
et faire des 

analyses 
bioinformatiques

Article Le Monde, janvier 2023

https://www.lemonde.fr/sciences/article/2023/01/10/quand-l-intelligence-artificielle-permet-d-identifier-l-origine-inconnue-d-un-cancer-metastase_6157261_1650684.html


II.3 Other applications

25



Other applications in biology

• Medical Imaging

• Animal Behaviour

• Plants recognition

• Ecology / Agronomy / environment
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G. Zaharchuk et al.
Pl@ntNet

Stern et al.
Hamylton et al.

Neural networks can be used to 
analyse other data than images: 

genomics (and other –omics), 
structure prediction for proteins, 

biomarkers identification …

https://theaisummer.com/mri-beyond-segmentation/
https://www.sciencedirect.com/science/article/pii/S0003347216303360
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/2041-210X.13075
https://www.exxactcorp.com/blog/Deep-Learning/computer-vision-for-climate-change
https://www.ajnr.org/content/39/10/1776.short
https://plantnet.org/
https://www.nature.com/articles/srep14351
https://www.frontiersin.org/articles/10.3389/fmars.2020.603829/full


Without coding?

III. How to use deep learning on images?



How to use deep learning models?

Maybe you already use some deep learning 
models without knowing 
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Stardist: Detection and segmentation 
of cell nuclei in fluorescence microscopy 

images

CellPose: Cell segmentation on stained 
tissues



Where to find deep learning models?
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• DeepImageJ (for ImageJ/Fiji only)
• BioImage Model Zoo (for ImageJ, QuPath, ilastik …)

https://deepimagej.github.io/deepimagej/
https://bioimage.io/#/
https://bioimage.io/#/


If I want my to train my own model?
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Python librairies: 
tensorflow, pytorch

Also some librairies for R: 
imageseg, platypus

ZeroCostDL4Mic: easy-to-use notebooks

https://github.com/HenriquesLab/ZeroCostDL4Mic/wiki


How to learn?

Workshops at Biosit
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https://biosit.univ-rennes.fr/bioimage-analysis-and-artificial-intelligence


Ressources

• Médecine et Intelligence artificielle

• Diagnostic du cancer du sein : l’intelligence artificielle d’Ibex bientôt réalité clinique à 
l’Institut Curie 

• https://www.ey.com/fr_fr/health/intelligence-artificielle-et-medecins-qui-va-gagner

• https://www.inserm.fr/dossier/intelligence-artificielle-et-sante/

• Ethics and AI

• Ethical principles in machine learning and artificial intelligence: cases from the field 
and possible ways forward

• Legal and Ethical Consideration in Artificial Intelligence in Healthcare: Who Takes 
Responsibility?
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https://curie.fr/actualite/publication/diagnostic-du-cancer-du-sein-lintelligence-artificielle-dibex-bientot-realite
https://www.ey.com/fr_fr/health/intelligence-artificielle-et-medecins-qui-va-gagner
https://www.inserm.fr/dossier/intelligence-artificielle-et-sante/
https://www.nature.com/articles/s41599-020-0501-9
https://www.frontiersin.org/articles/10.3389/fsurg.2022.862322/full

