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Abstract
We consider the detection of abnormal patterns in neuroimaging data, in the context of

comparing a single subject to a normal control group. Standard approaches for anomaly de-
tection are related to the one-class classification problem, in which one tries to detect outliers
(corresponding here to “abnormal” subjects) with respect to a learned distribution of normal
controls. These approaches will make a global statement about the subject class (i.e. patholo-
gical or not) but do not provide a spatial localization of abnormal patterns within the subject’s
image data. On the other hand, the approaches developed for localizing subject-specific ab-
normalities generally resort to univariate voxel-wise or ROI-based statistical tests and rely on
Gaussian distribution assumption.

In this thesis we present and compare different standard and novel methods for the detection
and localization of subject-specific abnormal patterns within the framework of subject-versus-
group comparison. The proposed methods rely on a global (multivariate) non-linear modelisa-
tion of normal images data, which enable the representation of complex spatial patterns with
non Gaussian distributions. The manifold of normal image patterns is learned from a control
group with the help of non-linear dimension reduction techniques. Identifying abnormalities is
mathematically associated with finding the projection of a subject over the manifold in which
the control group lies, and the detection itself involves a statistical test of the residual between
the projection and the original image.

Different types of synthetic datasets have been created in the purpose of comparing the
different approaches. Experiments on synthetic data underline the benefit of using multivariate
representations, compared to standard univariate approaches. Conclusions regarding the com-
parisons of linear and non linear multivariate approaches can broadly differ depending on the
kind of dataset being analysed. All methods are also illustrated on the detection of abnormal
spatial patterns in neuroimage data of dementia afflicted patients.
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