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Abstract
The location and identification of hidden conducting security threats in metal detection is an im-
portant yet difficult task, with applications of interest being airport security scanners and finding
landmines and unexploded ordnance. Metal detectors use simple thresholding to measure the
perturbation of a magnetic field, which is incapable of determining an object’s size, shape and
material properties. Key to our approach is the ability to express the perturbed magnetic field in
an asymptotic expansion which separates hidden object’s properties such as shape and material
parameter dependence from object position. The former is characterised by a small number of
parameters through a magnetic polarizability tensor (MPT)[1, 2], this then simplifies the task to a
problem of classification using a library of MPT descriptions. Exploiting the frequency behaviour
of the MPT (known as its spectral signature) greatly improves the object characterisation. To
train a machine learning (ML) algorithm a library of MPT spectral signatures for different threat
and non-threat object is required. Our recent work has focused on how a library of MPT spectral
signatures can be efficiently produced using a finite element approach and accelerated with the
application of a reduced order model (ROM)[3, 4]. Our ROM benefits from a-posteriori error
bounds that can computed at low-computational cost and which certify the ROM prediction of
the MPT spectral signature with respect to the full order model.

In this talk we will explain our ROM methodology for computing the library of MPT spectral
signatures for different realistic threat and non-threat objects. We will also describe how simple
scaling results allow this library to be enhanced at negligible computational cost. We will also
present first classification results using a probabilistic ML classifier trained using the aforemen-
tioned library.
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