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Introduction

 
• Paper presents novel 2D → 3D 

transfer learning method for 
semantic segmentation

• Experiments evaluated on Multiple 
sclerosis lesion segmentation from 
unimodal MRI Flair scan
● Heavily unbalanced segmentation

• Complete source code published:
● https://github.com/mrkolarik/transfer2d3d



PLANAR 3D TRANSFER LEARNING FOR END TO END UNIMODAL MRI UNBALANCED DATA SEGMENTATION

25th International Conference on Pattern Recognition – ICPR 2020

3 / 11

Martin Kolarik

Motivation 1# – 2D vs 3D convolutional nets

VS

2D Convolutional networks

+ Suitable for 2D data 
- Processing 3D volume slice by slice
+ Availability of transfer learning

3D Convolutional networks

+ Suitable for 3D data
+ Processing 3D data as volumes
- Lack of sources of transfer learning
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Motivation 2# – segmenting unbalanced data

• Network’s aim is to minimize loss 
function during training
● Segmenting heavily unbalanced 

data is problematic
● Network easily converges to 

wrong solution (negative output)

• Solutions:
● Specialized loss functions
● Class / sample weighting

• Problematic when using large 3D 
feature size (our case 16x256x256)

Correct result

Wrong segmentation
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Transfer learning in semantic segmentation

“DOG”

Imagenet classification network
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Weights transformation 2D → Planar 3D 

• Aim is to combine the 3D data processing capability of 3D neural 
networks with 2D domain transfer learning sources availability

• We present a mapping operation of convolutional neural network 
weights from 2D to Planar 3D 
● application in transfer learning for semantic segmentation
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Network architecture
Based on 3D U-Net with implemented residual skip 

connections and Planar 3D VGG Encoder
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Data description

• MSSEG 2016 dataset

• The dataset consists of 
● 15 MRI head scans of 
● 15 different patients
● Scanned from 3 different 

medical centers

• Data is heavily unbalanced
● Lesion voxel ration 0.2 %

Unprocessed scan       Pre-processed scan

Consensus mask          Single expert mask
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Results

• Our planar 3D res-u-net achieved a 
score of 0.611 for Dice coefficient
● best published end to end 

method achieved score of 0.512
● Best unimodal not end to end 

method achieved score of 0.598
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Conclusion
• We presented a novel end-to-end learning approach to 

transfer learning utilizing mapping existing CNNs weights 
from 2D to planar 3D representation

•  We have shown the effectiveness of our approach on the 
problem of heavily unbalanced data semantic 
segmentation

• We published complete source code under open-source 
license
● Accompanying paper at the Reproducibility workshop
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Thank you for your attention!
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