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Maximum likelihood principle

Let’s throw the coin ten times. We observe heads 7 times out of 10. What is the 
probability of throwing heads? 



  

Maximum likelihood principle

P( p∣k , N )=(Nk ) pk (1−p)N−k

dP
dp
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Maximum likelihood principle

Non-constant variance
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Probabilistic neural networks



  

Base deterministic model



  

Probabilistic neural networks
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Probabilistic neural networks



  

Probabilistic neural networks



  

Bayesian probabilistic neural 
networks



  

Bayesian probabilistic neural 
networks

The principle idea of variational inference (VI). The larger region on the left depicts the space of all possible distributions, and the dot 
in the upper left represents the posterior p(q1|D), corresponding to the dotted density in the right panel. In the left panel, the inner 
region depicts the space of possible variational distributions. The optimized variational distribution, illustrated by the point in the inner 
loop, corresponds to the solid density displayed in the right panel, which has the smallest distance to the posterior as shown by the 
dotted line.



  

Bayesian probabilistic neural 
networks

Kullback – Leibler divergence



  

Bayesian probabilistic neural 
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Bayesian probabilistic neural 
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Evaluating Uncertainty
Key contributions:

● The influence of multiple annotations on segmentation models based on public image 
segmentation datasets.

● The influence of dropout rates on the MC models.

● The quantification of uncertainty on different body parts and image types.

● The performance evaluation of three well-known DL architectures in an unbiased 
environment.

● The efficacy evaluation of various well-known measurement metrics based on our 
models and datasets.
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Evaluating Uncertainty

In this study, we extended nnU-Net framework to 
train the following deep models for predicting 
segmentation (un)certainty:
● Ensemble models,
● MC dropout models,
● Regression models.



  

Evaluating Uncertainty

Metrics:
● Gray level Dice coefficient
● Normalized Root Mean Square Error
● Normalized Mutual Information 



  

Results - GDC



  

Results - NRMSE



  

Results - NMI
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Datasets:
● BRAIN_GROWTH  
● BRAIN_TUMOR  
● HEART  
● KIDNEY  
● KNEE  
● LUNG  
● PANCREAS  
● PANCREATIC_LESION  
● PROSTATE  
● SIJ
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