
NIPS 2017



Outline

Introduction
Uncertainty in Bayesian Neural Network
Method
 Regression
 Classification

Experiment



Outline

Introduction
Uncertainty in Bayesian Neural Network
Method
 Regression
 Classification

Experiment



Importance of Uncertainty

Two Examples:

• An assisted driving system confuses the white 
side of a trailer for bright sky

• An image classification system erroneously 
identified two African Americans as gorillas

If assign a high level of uncertainty to their erroneous predictions, 
then the system may have been able to avoid disaster. However,

• Deep learning does not allow for uncertainty representation in 
regression settings

• Deep learning classification models just give normalized score 
vectors, which do not necessarily capture uncertainty.



Uncertainty

Aleatoric uncertainty

Epistemic uncertainty

• captures noise inherent in the observations
• cannot be reduced

• captures model's lack of knowledge
• can be explained away with the large amounts of data



Example in Segmenation



Outline

Introduction
Uncertainty in Bayesian Neural Network
Method
 Regression
 Classification

Experiment



NN v.s. BNN

Neural Network

• Finds a function y = f(x)
• One best model

 Bayesian Neural Network

• Distribution over weights
• Output is a distribution
• Many models within a network



Dropout Variational Inference

[Yarin Gal, Zoubin Ghahramani. Bayesian convolutional neural networks with Bernoulli approximate 
variational inference. arXiv preprint arXiv:1506.02158, 2015.]



Epistemic Uncertainty

• Classification:

• Regression:
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Aleatoric Uncertainty
• Minimization objective

Minimize negative log likelihood

Regularization term

• For a Gaussian likelihood

• Learn aleatoric uncertainty as a function of the data:

• Does not capture epistemic model uncertainty which is a property 
of the model and not of the data.
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Model

CNN
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Regression

• Minimization objective:

• Model output:

• Do not need ‘uncertainty labels’ to learn uncertainty, only need to 
supervise the learning of the regression task.

prevents the network from 
predicting infinite uncertainty

• The predictive uncertainty:



Classification

Inference:

Training:

Model Output
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Experiments

Semantic Segmentation
CamVid: road scene segmentation dataset
NYUv2: indoor segmentation dataset



Experiments

Pixel-wise Depth Regression



Analysis

1. Aleatoric uncertainty cannot be explained away with more data,
2. Aleatoric uncertainty does not increase for out-of-data examples 

(situations different from training set), whereas epistemic 
uncertainty does.
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