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Abstract

Neuroimaging is entering a new era of unprecedented scale and complexity.
Soon, we will have datasets including brain images from more than 100,000
individuals. The fundamental challenges in analyzing and exploiting these
data are going to be computational. Today, widely-used traditional neuroim-
age analysis tools, such as FreeSurfer or FSL, are computationally demanding
and offer limited flexibility, while cutting-edge tools based on modern machine
learning techniques require large amounts of annotated training data, and/or
are untested at scale. In this talk, I will present our recent work on two fun-
damental image analysis problems: registration and segmentation. In image
registration, I will introduce a novel framework that allows us to train a neural
network that rapidly computes a smooth and invertible nonlinear (diffeomor-
phic) deformation that aligns two input images, in an unsupervised fashion
(i.e. without using ground-truth registrations). I will show experiments on
7000+ brain MRI scans with state-of-the-art results. In the second part, I will
present a new segmentation framework that flexibly handles multiple labeling
protocols, and generalizes well to new datasets and new segmentation labels,
with little additional training.
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