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1. What pixels are inside a closed curve?

Helps to debug image segmentation networks

Challenging long-range dependencies

In isolation to avoid confounding factors

2. Can DNNs for segmentation solve insideness?
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3. Can DNNs for segmentation learn insideness? 4. Learning the Coloring routine with small images

Conclusions

Dilated convolutions  

Recurrent Networks

…

log2(N) layers of dilated convolutions

Ray-intersection method can be 
implemented with at least log2(N) 
layers and 3N/2 kernels (3x3), in 
which N = image width or height.

The colouring routine can be 
implemented with at least lone 
convLSTM with 1 kernel (3x3).

Dataset to train the networks:

Cross-dataset evaluation shows lack of generalization:

Neural representations do not capture general solutions:

2-LSTM

Dilated

YES

NO

We analytically demonstrate that segmentation network architectures have 
sufficient complexity to exactly solve the insideness for any given curve with few 
neurons.

BUT
Controlling the number of unrolling steps during training via small images helps.

Emergent colouring routine:

The network generalises on all size 
images when training on 18x18 pix 
images and 10 unrolling steps.

Breaks the long-range dependencies 
into local operations Networks for segmentation are unable to learn general solution for 

insideness even though they have sufficient complexity to do so.

Recurrent networks trained on small images with controlled number 
of unrolling steps are effective to learn general solutions.
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