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Introduction
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Out of distribution(OOD) detection
• detect whether a data is from a different distribution from that of training data.
• Application: Anomaly detection. For instance, Fraud Detection and cancer detection.

How to detect OOD?
• Idea of this work: Learn a confidence of prediction. Very confidence-in the distribution;  Not 

so confidence-Out of distribution.
Challenge: we don’t have confidence label.

How to learn a good confidence estimation without label?



Confidence Estimation

• Imagine a scenario when a student is taking a test. He can ask for hints, but for 
each hint he receive, he will also receive a penalty.

• The optimal strategy is only ask for hints when the question is uncertain to 
answer. In other words, the student should have a good estimation for the 
confidence of his answer.

4



Confidence Estimation

𝐿𝐿 = 𝐿𝐿𝑡𝑡 + 𝜆𝜆𝐿𝐿𝑐𝑐

L = −∑𝑖𝑖=1𝑀𝑀 log 𝑝𝑝𝑖𝑖′ 𝑦𝑦𝑖𝑖 + 𝜆𝜆[− log 𝑐𝑐 ]

𝐿𝐿 = −∑𝑖𝑖=1𝑀𝑀 log 𝑐𝑐 ∗ 𝑝𝑝𝑖𝑖 + 1 − 𝑐𝑐 𝑦𝑦𝑖𝑖 𝑦𝑦𝑖𝑖 +𝜆𝜆[− log 𝑐𝑐 ]
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Prediction loss
Confidence loss

Cross entropy
Cross entropy

𝑝𝑝𝑖𝑖′



NN architecture
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Implementation Details
First challenge: c often converges to unity for all samples.
Solution: introduce budget parameter 𝛽𝛽. 𝐿𝐿𝑐𝑐 > 𝛽𝛽, increase 𝜆𝜆. 𝐿𝐿𝑐𝑐 < 𝛽𝛽, decrease 𝜆𝜆.

Second challenge: network automatically ignore outliers and noisy regions.
Solution: apply pi′ = 𝑐𝑐 ∗ 𝑝𝑝𝑖𝑖 + 1 − 𝑐𝑐 𝑦𝑦𝑖𝑖 to only half of the batch.

Third challenge: when training on small datasets, the model overfits and can’t learn the  concept 
of confidence.
Solution: use aggressive data augmentations to some of the data.
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Experiment
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Experiment

11


	Learning Confidence for Out-of-Distribution Detection in Neural Networks
	Outline
	Introduction
	Confidence Estimation
	Confidence Estimation
	NN architecture
	Implementation Details
	Experiment
	Experiment
	Experiment
	Experiment

