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Context: Inferring a template from a sample of complex signals (medical images, high-frequency
signals) is a challenging task. Standard statistical approaches revolve around the idea of averaging,
yet this most often deletes important information: the resulting average is qualitatively not similar
to the input signal. This means that the Euclidean or L2 distance implicit to standard averaging
is not relevant for that task. Other, possibly domain-dependent, metrics need to be considered to
obtain more meaningful templates and make inference on their properties.
We propose to revisit this question in the context of brain images, where a standard representation
is sought to summarize the information carried by a population of images. Euclidean averaging
unavoidably loses information [3].
The ongoing accumulation of brain data at the individual level opens a new perspective: that of a
feature-based alignment of brain voxels[7, 6, 4]. However, none of the existing works has solved the
problem of template inference; heuristics were used instead. In this internship, we propose to address
this question, taking advantage of the accumulation of data in individual brains, obtained through
intensive scanning in the Individual Brain Charting project http://project.inria.fr/IBC.
Proposed work:
We will consider two main approaches to solve the problem.

• The use of non-Euclidean metrics to compute the distance between samples: the celebrated
Wasserstein metric suggests itself as a good candidate [2], yet it must deal with three issues: i)
the samples are not probability distributions ii) the samples are potentially high-dimensional
iii) these distances are expensive to compute and minimize. We will consider and extend
recent work [5] to deal with these issues.

• The use of generative models: A more natural approach may be to revisit the definition of a
template, as a parameter of a generative model of the data. In the case of brain maps, sparse
low-rank linear models probably capture the most of the information, hence we will consider
inferring this type of models from the data. For this we will revisit and extend the so-called
shared response model [1], using local dictionaries that are sparsely represented in the data.

We will then carry out validation experiments, whereby we will measure the accuracy of the template
in predicting new data.
Required skills: The successful candidate will be interested in applications of machine learning and
in the understanding of human cognition. Knowledge of scientific computing in Python (Numpy,
Scipy, scikit image, Pandas) is encouraged. All the work will be done in Python based on the
Nilearn library http://nilearn.github.io.
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