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Image analysis of biomedical volume electron microscopy data using 
deep learning and crowdsourced training data



The Francis Crick Institute
• We are a biomedical 

discovery institute researching 
the biology underlying human 
health

• Six founding partners

• Regular exhibitions

• Based in London, near St Pancras 
(12 minutes walk from IOP HQ)





100+ labs, 1250+ researchers, 
17 Science Technology Platforms



“Traditional” Electron Microscopy

2D projections or slices

Manual analysis is tough, but 
images arrive relatively slowly

Transmission Electron Microscopy

Scanning Electron Microscopy



Automated volume electron microscopy



Serial Block Face Scanning Electron Microscopy
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http://www.gatan.com/products/sem-imaging-spectroscopy/3view-system

5 x 5 x 50 nm voxels



Extracting meaning – Segmentation

• Study and quantification of shape 
requires segmentation – delineating 
objects of interest from background

• Allows quantitative comparison of 
healthy and diseased cells and 
tissues



Image segmentation 



2D views of 3D scenes can be misinterpreted
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Extracting meaning – Segmentation in 3D



Expert segmentation – low throughput

Timescales can be days/weeks/months for 
segmentation of a single type of structure 
from a single day’s acquisition

Lots of information is left un-mined due to 
time constraints



Sounds like a job for Deep Learning!

Revolutionising many image 
analysis tasks

Can be trained to generalise

From Deep Learning with Python by Francois Chollet
BUT Requires lots of training data



•For many tasks, human 
analysis is still the gold 
standard
• So, we should use humans!

•But we have lots of images 
to analyse
• So we need lots of humans!

ht
tp

s:
//

w
w

w
.x

kc
d.

co
m

/2
17

3/

https://www.xkcd.com/2173/


Do you always need a PhD to do this?

• Can question be phrased simply?
• “if you see a line like this, trace it”
• “how many objects that look like this can you see?”
• “has this image been corrupted in some way?”

• For “Human-easy : Computer-hard” problems, Crowdsourcing is a way 
to get many non-experts to contribute to research



Galaxy Zoo (galaxyzoo.org)



Etch a Cell (bit.ly/etchiverse) @EtchACell

Nuclear envelope
Mitochondria

Mito + more

ER

http://bit.ly/etchiverse




Multiple volunteer segmentations per image



Million dollar question…

Agreement with “ground truth”

ExpertNon-expert

If this is the case, 
then no amount 
of aggregation will 
help!



Million dollar question…

Agreement with “ground truth”

ExpertNon-expert

We see some users 
are as good as 
experts







Falk et al. Nature Methods 2019

Harry Songhurst
Luke Nightingale
Joost de Folter

Convolutional Neural Network (U-Net)
Patch size:
256x256x12
Rescaled to 
50 nm isotropic



Membrane prediction

• Membranes oriented parallel to 
cutting/imaging plane appear as 
diffuse blurred lines

• Easily missed with typical workflows

• By predicting over 3 orthogonal axes, 
errors can be minimised



Tri Axis Prediction



Tri Axis Prediction



Expert
Aggregated
Cit Sci U-Net



Expert
Aggregated
Cit Sci U-Net



Prediction step on 8192x8192x517 slice dataset 
takes < 1hr (+ few hrs postprocessing)



Average Hausdorff distance to expert 
ground truth less than 2 pixels (20 nm)



All data and code available openly



Reusing the model

• Network trained on nuclear envelope encodes a lot of features of EM 
data

• Can be repurposed to new problems by using as initialization of a 
training run on different data

• E.g. training nuclear envelope model to segment mitochondria





Instance segmentation

• Each mitochondrion given a unique 
label

• Area + boundary predictions combined 
with watershed algorithm to create 
instance segmentation



Instance segmentation

• Each mitochondrion given a unique 
label

• Area + boundary predictions combined 
with watershed algorithm to create 
instance segmentation

Area (semantic)



Instance segmentation
Instance

• Each mitochondrion given a unique 
label

• Area + boundary predictions combined 
with watershed algorithm to create 
instance segmentation



Tri-axis prediction for non-isotropic data

Raw data 8x8x30 nm voxels







All data and code available openly



Next steps and Outlook

• Convert slice-by-slice 
segmentations to meshes & 
optimise

• Perform measurements on 
multiple structures

• Automate pipeline to produce 
statistically significant studies 
(no more N=1)

• Simulation!



Electron Microscopy STP at the Crick
www.crick.ac.uk/research/platforms-and-facilities/electron-microscopy

Etch a Cell: bit.ly/etchiverse
Labs: bit.ly/emstp_labs
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