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Classification with Deep Neural Networks

LeNet ++ 
Architecture

2D Feature Vector
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Deep Feature Representations Decision Planes





Response to Out of Distribution Samples – CIFAR Samples
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LeNet ++ 
Architecture

Trained to classify 
MNIST Digits

2D Feature Vector

Response to Out of Distribution Samples – NIST Letters
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Standard Softmax

Modified Softmax



Side View Top View
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Akshay Raj Dhamija | Dr. Manuel Günther | Dr. Terrance E. Boult

Learning ⍺ plane
and better features to 
separate the unknowns

Wed Poster Session B | #100 University of Colorado Colorado Springs

"# =
%&'(

%) + ∑, %&'-
"# =

%&'(
∑,./ %&'-





Background Class Approach

Akshay Raj Dhamija | Dr. Manuel Günther | Dr. Terrance E. Boult

Learning ⍺ plane
and better features to 
separate the unknowns

Wed Poster Session B | #100 University of Colorado Colorado Springs

Pool of non-MNIST/ 
Background samples 

during training

"# =
%&'(

%) + ∑, %&'-
"# =

%&'(
∑,./ %&'-





Background Class Approach

Akshay Raj Dhamija | Dr. Manuel Günther | Dr. Terrance E. Boult

Learning ⍺ plane
and better features to 
separate the unknowns
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Pool of non-MNIST/ 
Background samples 

during training

Out-of-distribution / 
Unkonwn samples

for testing
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Magnitude of Feature Vector Entropy
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94.90 ± 27.47 32.27 ± 18.47 0.015 ± .084 0.318 ± .312
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Magnitude of Deep Feature Representations of
Known Samples > Unknown Samples
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Magnitude of Feature Vector Entropy
Knowns Unknowns Knowns Unknowns

94.90 ± 27.47 32.27 ± 18.47 0.015 ± .084 0.318 ± .312

Entropy of
Known Samples < Unknown Samples
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Observation from Default Response – Leading to Our Approach
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Increases entropy of the softmax scores for unknwons

Entropic Open-Set Loss
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Our Approach

Increase Entropy 
Margin
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Minimizing the Euclidean length of deep representations for unknonwns

Increases entropy of the softmax scores for unknwons

Entropic Open-Set Loss

Objectosphere Loss
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Our Approach

Increase Deep 
Feature Magnitude 

Margin

Increase Entropy 
Margin
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Novel Evaluation Metric : Open Set Recognition Curve
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What's at the Poster B#100 ?

• Why this works!
• Drawbacks of current evaluation techniques
• Discussion of Openset deep networks
• Performance on wider networks like ResNet-18
• Implementing Entropic Open-Set loss in 1-line of code J

Thoughts and comments are welcome at adhamija@vast.uccs.edu


