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The Aramis team at the Brain Institute is recruiting a PhD student

PhD thesis: Interpretable deep learning for brain imaging in
neurodegenerative disorders
General information

Workplace: Brain Institute, ARAMIS Team, Pitié Salpêtrière Hospital, 47 Bd. de l'hôpital, 75013 Paris
Name of the scientific supervisor: Olivier Colliot (olivier.colliot@sorbonne-universite.fr)

Mission
Deep learning offers great promises for improving diagnosis of neurodegenerative disorders from
brain imaging data. Although it can achieve impressive performances, its black-box nature is an
impediment to its wide adoption. There is thus a strong research interest in improving the
interpretability of deep learning systems. Currently, the most used approaches for interpreting
neural networks are based on visualization, namely: i) variations around the idea of saliency maps;
ii) occlusion methods that modify the input to perturb the behavior of the model. Other methods
include the approximation by simpler models and the use of joint training. See Xie et al, for a recent
review.
The aim of this project is to design interpretable deep learning models for the analysis of
brain imaging data. The main target application will be computer-aided diagnosis of
neurodegenerative diseases. The project may start as a Master internship.
We first propose to develop approaches based on the idea of joint training, specifically
simultaneously learning a classification as well as interpretable medical characteristics (visual scales
of abnormalities defined by neuroradiologists, volumetric features). We will also apply visualization
techniques to interpret the different branches of the network. The considered datasets will include
research and clinical routine datasets of patients with Parkinson’s disease, Alzheimer’s disease and
other neurodegenerative diseases (atypical parkinsonian syndromes, fronto-temporal dementia).
Then, several research leads can be considered, depending on the interests of the student. The
first axis consists in extending the joint training approaches to more complex tasks (segmentation,

approximate delineation…). A second axis could consider using interpretability for studying
robustness and identifying potential failure modes of the system. A third idea consists in combining
image analysis with natural language processing for the automatic generation of medical reports.
For that specific aim, we have a dataset of around 100,000 participants with MRI and medical
reports. Finally, if interested, the PhD student could also conduct research on conceptual aspects of
interpretability including the definition of what is an interpretable system and its impact on
medicine (see e.g. Lipton).
-

N Xie, G Ras, M van Gerven, D Doran. Explainable deep learning: A field guide for the uninitiated, arXiv
preprint arXiv:2004.14545, 2020 https://arxiv.org/pdf/2004.14545.pdf
Z Lipton, The Mythos of Model Interpretability, ICML Workshop on Human Interpretability in Machine
Learning https://arxiv.org/pdf/1606.03490.pdf

Activities

- Develop research in the field of deep learning for brain imaging
- Write scientific articles for publication in international journals and conference proceedings
- Present results at international conferences
- Contribute to the implementation and dissemination of open source software

Working context

You will work within the ARAMIS lab (www.aramislab.fr) at the Paris Brain Institute. The institute is ideally
located at the heart of the Pitié-Salpêtrière hospital, downtown Paris.
The ARAMIS lab, which is also part of Inria (the French National Institute for Research in Computer Science
and Applied Mathematics), is dedicated to the development of new computational approaches for the
analysis of large neuroimaging and clinical data sets. With about 35 people, the lab has a multidisciplinary
composition, bringing together researchers in machine learning and statistics and medical doctors
(neurologists, neuroradiologists).
The research project will be carried out within the framework of the Olivier Colliot Chair at the
Interdisciplinary Institute of Artificial Intelligence (3IA) PRAIRIE (http://prairie-institute.fr/ ), one of the four
3IA institutes created as part of the French plan for artificial intelligence.
We have access to a supercomputer with 1044 nVIDIA V100 GPU.

Additional information
Desired skills

-

Master or engineering degree with a specialization in machine learning
Good programming skills in Python
Knowledge in digital image processing and medical imaging
Good writing skills
Good relational and communication skills

Contact
Olivier Colliot - http://www.aramislab.fr/perso/colliot/ - olivier.colliot@sorbonne-universite.fr.

