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Accounting for Voxel Neighbourhood Relationship in the SVM
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Introduction: In Neuroimage data analysis there are several preprocessing stages that must be applied before any statistical analysis can be done.
The sMRI scan preprocessing procedures usually include transformation into standard space, segmentation and smoothing in space using a
Gaussian filter. Despite the effectiveness of these preprocessing procedures, any incorrect step may seriously hamper the statistical analysis.
Therefore, we propose to incorporate one of the preprocessing steps, namely the smoothing operator, into our neuroimage learning Support
Vector Machine (SVM) through the use of a Gaussian prior on the weights. In effect we aim to learn the appropriate smoothing filter while
learning the parameterisation for the neuroimage discrimination. We demonstrate our proposed novel technique on smoothed and non-smoothed
SMRI in classifying patients and controls.

Methods:

The standard primal SVM includes a 2-norm constraint on the weight vector w. If we consider classifying brain scans with a linear kernel this
encodes the expectation that the total activity across the whole brain is constrained. What it fails to capture is the expectation that activity levels
form a smooth function across the brain. This is indirectly implemented by the smoothing in the preprocessing stage. An alternative approach is to
put an appropriate prior over the weight vector that makes the machine learning biased towards weight vectors that are smooth. A natural way to
define a prior is through a Gaussian Process (GP), that defines a multivariate Gaussian distribution P(w) over weight vectors w. Inclusion of
log(P(w)) in the SVM objective will then bias the learner to pick more probable weights that are smoother. This will put larger values for pairs of
variables that we expect to have similar values.

Results:

The aim of our experiments is to correctly classify patients versus controls in a Autistic Spectrum Disorder (ASD) and Post Traumatic Stress
Disorder (PTSD) datasets. We use the SVMs as our learning algorithm together with the linear kernel on data that had been smoothed during
preprocessing as well as data that had not been smoothed. Compared to our proposed SVM with Gaussian Process (SVM-GP) which is run on the
non smoothed data. The PTSD results are given in Figure 1, whereas the results for ASD are given in Figure 2.

Conclusions:

Different disorders can effect the brain in different ways. Using a fixed smoothing preprocessing procedure for all diagnoses might not be ideal. In
this work we propose a novel methodology of incorporating one of the preprocessing stages, the smoothing operation, into the learning function.
We have demonstrated the feasibility of our proposed approach, SVM-GP, on two different SMRI datasets. Both have shown that we are able to
significantly improve on the classification of SVM on non smoothed data, while achieving similar and better accuracy when compared to SVM on
smoothed data. Furthermore we notice that as it is still possible to find, in the linear kernel scenario, the respective discriminating weight values.
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