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• Open set classification vs. closed set classification
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• Thresholding

• Potential limitation
◦ It is difficult to find the optimal global threshold.

◦ DNNs can output incorrect high-confidence predictions when faced 
with test data from outside the training distribution.

• OpenMax
◦ Using Extreme Value Theory (EVT) to calibrate the model outputs.
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Motivation



• Counterfactual images

4

Main Idea



• Overview

• The generative model
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The Proposed Method

Train a (K+1) -
classes classifier 



• Generating Counterfactual Open Set Examples

◦ Randomly sample input seed image 𝑥 from training set.

◦ Each counterfactual image 𝐺(𝑧∗) is augmented to the training set with 
class label 𝐾 + 1.
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The Proposed Method



• Open set detection

• Closed set accuracy
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Experiments
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• Thresholding

• Potential limitation
◦ It is difficult to find the optimal global threshold.

◦ DNNs can output incorrect high-confidence predictions when faced 
with test data from outside the training distribution.
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Motivation



• Classifier placeholder
◦ Augmenting the closed-set classifier with a dummy classifier, which 

adaptively outputs the class-specific threshold to separate known and 
unknown

• Data placeholder
◦ Mimicking the emergence of novel classes, and transforming open-set 

training into closed-set training
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Learning placeholders for OS recognition



• Classifier placeholder
◦ A dummy classifier 

◦ Making the dummy classifier to output the second-largest probability 
for known instances.
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Learning placeholders for OS recognition

Removing the probability 
of ground truth label.



• Data placeholder
◦ The distribution of these instances seems novel, and the generating 

process should be quick.

◦ Manifold mixup
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Learning placeholders for OS recognition



• Open set detection

• Closed set accuracy

13

Experiments



• Ablation studies
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Experiments



• Visualization of Decision Boundaries
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Experiments
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