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Semantic segmentation
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Brain tumours 
(Njeh et al., CMIG 2015)  

In medical imaging: Finding organs/abnormalities 
Understanding diseases, predicting their progression, 

evaluating treatment outcomes, incidental findings, etc.    

Vascular structures
(Ben Ayed et al., MICCAI 2014)  

Subcortical structures 
(Dolz et al., Neuroimage 2018) 2



Lot of annotated data 
(millions)

Lack of annotated data 
(few subjects)

Ground Truth Only CNNs

Semantic image segmentation:
Medical vs. Natural
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Who knows where the horse is? Who knows where the esophagus is?

Why medical image interpretation is difficult
Annotations require expertise
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Who knows where the horse is? Who knows where the esophagus is?

Why medical image interpretation is difficult
Annotations require expertise
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Introduction

[Litjens et al., MedIA 2017]

Number of papers

Deep learning papers for medical image segmentation:
>40‐50% at MICCAI 2017
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Constraints (anatomical knowledge, radiology reports)

Almost no annotated data
Anatomical priors (structured models)?
Medical knowledge (weak annotations)?
Suggestive annotations (active learning)? 
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[Dolz et al., MICCAI 2017]

Aorta in 
MRI

esophagus in
CT

Aorta in
CT

Ground truth CNN +  length
(pairwise)

+ shape
(high‐order)

Not enough annotated data: Guiding deep nets with priors
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What about a lot of non‐annotated data:
with a little bit of annotations

[Lin et al., CVPR 2016]

Full annotations Semi‐supervised
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What about a lot of non‐annotated data:
with a little bit of annotations

Full 
annotations Semi‐supervised

Full annotations

Semi‐supervised

[Kervadec et al., MIDL 2018]
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What about a lot of non‐annotated data:
with weak annotations, e.g. image tags

Tumor No tumor

[Kervadec et al., MIDL 2018]

Training with this

10



What about a lot of non‐annotated data:
with weak annotations, e.g. image tags

Tumor No tumor

[Kervadec et al., MIDL 2018]

Training a machine with this
Already available info (Rad reports)

Can  we get this
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What about a lot of non‐annotated data:
with weak annotations, e.g. image tags

Heart cavity No heart cavity

[Kervadec et al., MIDL 2018]

Training a machine with this
Easily available info Can  we get this
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Yes, we can… [Kervadec et al., MIDL 2018]
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We achieve 90% of full supervision performance with 0.1% of 
annotated pixels.

Some exciting results: Left Ventricle in MRI 
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Technical challenges:
Is this all about optimization?

SSt St+1

At(S)
E(S)

E(St)

E(St+1)

Very large variables:
~ Millions 

Complex constraints

• Dolz et al., CVPR’17

• Tang et al., ECCV’16 (oral)

• Ben Ayed et al.,TPAMI’15

• Gorelick et al., CVPR’14 (oral), TPAMI’17

• Ben Ayed et al., CVPR’2013 (oral)  

Bounds/approximations? 
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MICCAI MRBrainS challenge
Dataset:
‐ 3 MRI Modalities
‐ Training: 5 subjects
‐ Testing: 15 subjects

‐ 49 International teams

The team achieved this recently…
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Challenge rank http://mrbrains13.isi.uu.nl/results.php

The team achieved this recently…
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