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Abstract A possible method of weapon detection for the Comprehensive nuclear-
Test-Ban-Treaty consists of monitoring the amount of radioxenon in the atmosphere
by measuring and sampling the activity concentration of Xe-131m, Xe-133, Xe-133m,
and Xe-135 by radionuclide monitoring. Several samples were obtained under differ-
ent circumstances of nuclear weapon detonation, and are used as training datasets to
establish an optimal classification model employing state-of-the-art technologies in
machine learning (ML). We conducted a preliminary study involving ML algorithms
including Naïve Bayes, Neural Networks, Decision Trees, k-Nearest Neighbours, and
Support Vector Machines, that revealed that any noise, uncorrelated features, and in-
teractions in extracted weapon signals will cause difficulties for induction algorithms.
We developed a novel feature selection approach that addresses these issues. The
method is based on the Gram-Schmidt orthogonalization procedure, and can be used
to rebuild the whole feature space such that the resulting features are orthonormal to
each other (they do not interact with each other, and each resulting feature is suffi-
ciently correlated with the target. This approach was shown to boost performance in
16 out of 36 experiments where no feature selection was applied (in four cases, by
more than 10%), to change nothing in 11 cases and to degrade performance in 9 cases
(in only three of these cases, more than 2% degradation occurred, but never more than
4.2%). This method was also shown to obtain an improvement of 4.59% in accuracy
over 10 state-of-the-art feature selection methods and no feature selection, on our most
challenging data set.
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