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Section 2 – Project Information
	Project Title

	Data driven inverse techniques for object identification

	Project Highlights:
	1.
	Use established high-fidelity accelerated computational models to efficiently establish economical characterisations of hidden objects and data-dictionaries

	
	2.
	Develop new types of object features, apply clustering algorithms and assess accuracies of these features in classification approaches for object identification

	
	3.
	Work on a project, which has real-world applications in security screening, medical imaging, geophysical surveys, non-destructive testing, materials characterisations and archaeology.

	Project Summary

	Inverse problems involve the identification and location of hidden small inclusions from field measurements. New and novel approaches are needed since the field data can only be measured at limited locations and the data is typically noisy and incomplete. For many applications, a rapid decision about the location, shape and material properties of the inclusion is also demanded. 

Traditional approaches to the solution of inverse problems involve setting up a functional to be minimised that expresses the difference between measured data and parameterised predicted measurements obtained from the solution of a (set of) partial differential equations (PDEs). The parameters sought typically relate to a discretisation of the material parameters. The approach is expensive (as it requires repeated solution of PDEs and many iterations and can suffer from non-uniqueness). Regularisation may be added, but its choice is often not straightforward. 

This project considers an alternative approach in which the PDE model is replaced by a frequency dependent tensor characterisation model. Such characterisations can be easily found from field measurements and avoid a challenging functional minimisation procedure. Computational tools for computing the characterisations of surrogate objects are also available. The approach can be applied to a range of PDEs and have applications including medical imaging, understanding ground conditions, non-destructive testing, materials characterisations of composite materials and archaeology. 

Key challenges remain as to how best to identify information about the hidden object from the data. To address this, this project will firstly develop large dictionaries of surrogate object characterisations using existing computational tools. Secondly, it will obtain and explore new object features and the extent to which these group characterisations of similar objects by using state-of-the-art clustering approaches. Thirdly, develop probabilistic classifiers, built on the dictionaries of computed characterisations, to provide a data-driven approach to object identification.
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