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Pushing Global Brain Tractography towards
Micrometer Resolution with Exascale Computing
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Diffusion MRI provides orientation information about fiber tracts in the brain. To quantify connectivity, trac-
tography has been developed to reconstruct fiber trajectories based on orientation distributions. Conventional
tractography methods relying on analytical ODF models and streamlining methods are afflicted with artifacts
and do not consider anatomical information as a prior. In addition, tractography results vary depending on
the selected seed points and generate individual trajectories that are not related to their neighborhod.

Global spin-glass approaches using Markov Random Fields (and consequently associated to a Bayesian frame-
work) were introduced at the beginning of the 2000’s [1] and proposed a suitable general framework to incor-
porate any kind of anatomical prior. However, global spin-glass approaches are computationally intensive.
The construction of the entire set of connections is computed simultaneously in a competitive way, to reach
an optimal solution. This solution to the problem corresponds to the minimum of a target energy composed
of various potentials, such as a data attachment potential, various energy potentials introduced to constrain
the model with anatomical or microstructural priors, and further regularization potentials. Recently, efficient
global spin-glass methods have been introduced that used simplified anatomical priors (e.g., low curvature of
axonal fibers) [2, 3, 4]. These algorithms enable tractography on a standard desktop computer applied to an
individual brain at a millimeter resolution and reconstructs a hundred thousands of fibers in half a day.

We are currently acquiring high-resolution microscopic diffusion MRI data with a resolution of 300 microme-
ters using a 7T MRI system at Neurospin, France. In addition, we apply 3D Polarized Light Imaging (3D-PLI)
microscopy to the same brain tissue to determine fiber orientations at a resolution of a few micrometers [5].
These microscopic data sets will be a few petabytes in size, which requires the global tractography algorithm
to be able to handle such massive data in terms of communication and distribution in an efficient way. We
are currently developing an open-source software that is designed to work on single machines as well as on
high performance computing architectures, including the GPU architecture.
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