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Methods & 
Background
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Image 
segmentation 
is inherently 
ambiguous.



Assumptions:

1) Logits are independent 

given the image;

2) Labels are 

independent given the 
logits.

−log p(y |x) = − log∫ p(y |η)pϕ(η |x)dη = − log
#pixels

∏
i=1

p(yi |ηi)

Pixel-wise independent loss function:





Make the logits 
dependent of each other 
by using a low rank 
multivariate normal

−log p(y |x) = ≈ − log
1
M

M

∑
m=1

p(y |η(m)) , η(m) |x ∼ 𝒩(μ(x), Σ(x))

p(η |x) = 𝒩(η |μ(x), Σ(x))

Pixel dependencies are modelled in loss function:
Σ = PPT + D



A full covariance matrix 
scales with the square of 
the number of pixels 
times the number of 
classes.

• The mean, , has shape: ;


• The covariance diagonal, , is a diagonal matrix with  diagonal 
elements;


• The covariance factor, , is a rectangular matrix with shape: .

μ n_classes × n_pixels

D n_classes × n_pixels

P (n_classes × n_pixels) × rank

Modelx

P

μ

D



Results



Brain tumour segmentation



Real time sample manipulation



Are the samples better than the mean?





Lung nodule segmentation



Comparison to state of the art



Comparison to state of the art
Better predictive performance for the mean sample.



Comparison to state of the art
Better distance to expert distribution when trained on only one expert.



Comparison to state of the art

Equal or better distance to expert distribution when trained on all experts.



Comparison to state of the art
More diverse samples



Algorithmic benefits over SOTA

•Infinitely many samples from one forward pass;


•No variational inference which requires tuning many 
regularisation hyper-parameters;


•Lightweight and flexible, enabling it to be used over any existing 
architecture, including 3D CNNs.



Demo

https://colab.research.google.com/github/MiguelMonteiro/stochastic_segmentation_networks_demo/blob/master/ssn_demo.ipynb

