
Deep Learning for 
Microscopy Image 
Analysis

Adam Harmanec
21.10.2022



Deep Learning @ MBL

Florian Jug
Human 

Technopole

Jan Funke
HHMI Janelia

Anna Kreshuk
EMBL Heidelberg



Natural imagesMicroscopy images



Architectures



U-Net

Ronneberger, O., Fischer P. & Brox T., 2015



U-Net

Ronneberger, O., Fischer P. & Brox T., 2015

Feature Pyramid Network (FPN)



U-Net

Ronneberger, O., Fischer P. & Brox T., 2015

Autoencoder



Res-U-Net

Sevastopolsky, Artem, et al., 2018



Stack-U-Net

Sevastopolsky, Artem, et al., 2018



U-Net++

Zhou, Zongwei, et al., 2019



Denoising



Content-Aware image REstoration (CARE)

Weigert, Martin, et al., 2018



Denoising failure cases

Weigert, Martin, et al., 2018



Denoising failure cases
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Noise2Noise

Lehtinen, Jaakko, et al., 2018



Noise2Noise
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Noise2Void

Krull, Alexander, et al., 2019



Noise2Void
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Noise2Void failure cases

Krull, Alexander, et al., 2019



Diversity Denoising

Prakash, Mangal, et al., 2021



Segmentation



Segmentation types



2-class segmentation



2-class segmentation



Segmentation improvements



StarDist

Schmidt, Uwe and Weigert, Martin, et al., 2018



StarDist

Schmidt, Uwe and Weigert, Martin, et al., 2018



CellPose

Stringer, Carsen, et al., 2020
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CellPose
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CellPose
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OmniPose
Cutler, Kevin J. and Stringer, Carsen, et al., 2022



Local Shape Descriptors

Sheridan, Arlo, et al., 2022



DenoiSeg

BuchHolz, Tim-Oliver, et al., 2020



DenoiSeg

BuchHolz, Tim-Oliver, et al., 2020



Key
takeaways

● Microscopy biological data is very 

different from natural images

● U-Net is just very effective

● Denoising can be done without 

any ground truth

● Harder segmentation targets lead 

to better results



Thank you for your attention!
Any questions?


