
Active Decision Boundary Annotation with 
Deep Generative Models 



Motivation

 Classical active learning

Can we skip step ② for a more efficient annotation ?
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Active Decision Boundary Annotation

 Problem formulation

N data samples 

Initial set contains a handful of annotated images

Each data sample x𝑖 has a corresponding latent variable 

Ω：The tightest hypersphere that contains all z𝑖

In each active learning iteration, we estimate a decision boundary ෠𝜃.

The goal is to best approximate the real decision boundary 𝜃
while minimizing the number of iteration.
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 Method

Utilize the power of deep generative models for active learning.

I. Use all unlabeled images to learn a 
K-dimensional embedding.

II. Select a 1-d query line and employ a GAN to 
generate visual samples along this line.

III.Annotate the point between two samples of 
different classes as the decision boundary 
and use it to improve the classification model. 
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Repeat step ΙΙ and step ΙΙΙ
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 Constructing the query line

Implement Detail

• Uncertainty sampling

Principle: Generated images along the query 
line q should undergo a class-change.  

Ensure q is perpendicular to the current 
estimated decision boundary ෠𝜃

where

Solution:



 Construct the image row

Implement Detail

Decide which image samples along the query line q to show to oracle.

I. Restrict the size of q lie within the 
tightest hypersphere Ω

II. Uniformly sample s latent samples from 

and decode the images as 
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 Annotating the decision boundary

Implement Detail

 Human oracle

oracle-classifier (trained on 
ground-truth labels)

: stores the decision boundary 
annotations 

After annotating

: stores the pair



 Model optimization using boundary annotation

Implement Detail

Update ෠𝜃 using both labeled sample and decision boundary annotations.  

• For labeled samples in 

• For decision boundary annotations in 

• The final loss:



 Data sets

Experiment: configurations

• MNIST, 50k for training and 10k for testing.  

• SVHN

• Shoe-Bag

 Evaluation metric

• Area Under the Learning Curve (AULC)



 Four sample-based query strategies

Experiment: Evaluating various query strategies

• Random • Uncertainty • Uncertainty-dense • K-cluster centroid



Experiment: Evaluating generative model quality



Experiment: Evaluating annotation noise



Experiment: Evaluating a human oracle



Experiment: Generalization over classes



Experiment: Generalization over classes
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