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Classification Open Set Classification

● The model has to learn to classify 
input samples of different classes.

● The model has to learn to recognize 
samples of known classes;

● The model has to detect samples 
from unknown classes.
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Unknown Detection and Open Set Recognition Problems

Encoding Stage
The input image is fed to a CNN encoder backbone      and then a 
capsule network produces the probabilistic capsules     with mean       
and      .

Contrastive Variational Stage
In order to map input instances from the same class into compacted 
and separated regions of the latent space, during the learning 
process, we let the probabilistic capsule      to be attracted by the                                                                       
y-th target distribution Ty and at the same time we let all the other 
targets              to be repulsed by     . Using this contrastive strategy, 
we encourage the encoded representation to belong to the correct 
region of the latent space while maintaining all the targets 
sufficiently far apart to each other.
   
Decoding Stage
The decoder is a convolutional network with transposed 
convolutions with skip connections. The decoder processes      that is 
a sample from the probabilistic capsule distribution      added to a 
learnable embedding that corresponds to the predicted class.

● We presented a novel 
framework for open set 
recognition based on CapsNet 
and VAEs;

● Our model exploits multiple 
priors and it forces the latent 
representation to follow the 
gaussian prior selected by the 
class of the input sample;

● We obtain very competitive 
results, often outperforming 
previous state of the art 
methods by a large margin.
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From Closed to Open Set Classification
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Unknown Detection Task
➔ Detect if a new sample belongs 
to a known or an unknown class.

Open Set Recognition Task
➔ Create a new “unknown” class 

in the classification scenario.

Test Stage

Classification Task
➔ Train on closed multi-class 

classification.
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Known vs Unknown 
Features Visualization

AUROC values on the unknown detection task.
For more details see the paper!

F1-scores on the open set recognition task. 
For more details see the paper!


