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Since the first report of the Blood Oxygen Level Dependent (BOLD) effect in humans [1], Functional Magnetic
Resonance imaging (fMRI) represents a powerful tool for non-invasive study of the relation between sensori-motor
or cognitive tasks and the hemodynamic BOLD response reflecting evoked neuronal activity indirectly. fMRI allows
determining which cortical regions elicit activations when a human subject is submitted to specific stimuli. One of
the major goals of fMRI is to show the existence of common cognitive functions based on the exploration of a given
population (typically about 15 subject) submitted to the same experimental paradigm. Group-level analysis strongly
relies on a fair within-subject statistical analysis. The latter is traditionally conducted using a General Linear Model
(GLM) built upon an experimental design matrix that specifies the expected BOLD response to each stimulus. Such
a GLM also postulates a preset form of the so-called Hemodynamic Response Function (HRF). However, it appears
that fixing this function to some canonical shape is too restrictive and misleading. Indeed, as demonstrated by various
experiments, the HRF may vary between subjects and even between cortical regions in a given subject’s brain.

The framework of the proposed thesis is to jointly process the activity detection and HRF estimation. This
process has been first developed by Makniet al. [2]. The so called JDE (Joint Detection-Estimation) framework
proceeds by alternating univariate detection and multivariate estimation in a region- or parcel-based analysis within
the brain mask that enables to account for local hemodynamicvariability. One recent extension of the JDE frame-
work [3] has considered spatially adaptive mixture models to incorporate spatial correlation and also make detection
multivariate within each parcel. A considerable gain has been achieved by such extension in terms of increased sensi-
tivity/specificity trade-off. However, since inference was performed using simulation intensive Markov Chain Monte
Carlo (MCMC) methods, such performance was obtained at the expense of higher computational cost. Moreover,
and beyond the multivariate parcel-specific properties of the JDE, one crucial limitation of its current formulation
lies in the fixed prior parcellation, which should evolve a long time according to the outcomes of the estimation step
so as to enlarge interactions between estimation and detection. To overcome this current sub-optimal scheme, one
first recent contribution was devoted to speed up numerical JDE inference by making use of recent variational ap-
proximation techniques. The ensuing Variational Expectation Maximization Algorithm (VEM) proposed by Chaari
et al. in 2011 [4] enabled to derive HRF estimate and activation mapresults in about 50 times faster than its MCMC
counterpart while getting more robust estimators without using additional priors such as in MCMC.

The goal of the present thesis proposal is to extend the variational JDE framework in order to make the parcella-
tion adaptive in time. More precisely, instead of fitting theJDE parameters for each parcel independently and only
once, the proposed work will investigate two issues:i) a multi-parcelvariational inference scheme andii) the deriva-
tion of an optimal parcellation based upon the estimates of hemodynamic features. We aim in this proposal at extend-
ing the proposed models to incorporate functional constraints to further improve detection-estimation-parcellation
performance by constraining the process to regions of interest based on prior knowledge of brain structure and func-
tions. Such priors would be extracted from MRI data, or even other imaging modalities such as PET or EEG. Most
methodological developments will take place in the Bayesian framework.
Candidates would ideally have a master degree in signal and image processing, physics, computer engineering, or



applied mathematics with good knowledge in statistics and optimization. As regards software developments, C,
Matlab or python languages are preferred. Prior knowledge of Bayesian methods, medical imaging or neuroscience
is appreciated.
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