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X-ray tomography (CT) and Electrical Impedance Tomography (EIT) are two
fundamental inverse problems.

CT is based on recording X-ray data of the patient along several angles of view. Image
reconstruction is geometrically straightforward, linear, and only mildly ill-posed.
However, as a downside the patient is exposed to ionising radiation.

In EIT, the patient is probed with harmless electric currents, and the resulting
voltages are measured. The mathematical model of EIT is the inverse conductivity
problem [Calder6n 1980]. The currents travel along curved paths, determined by the
unknown conductivity distribution, so image reconstruction in EIT is nonlinear.
Moreover, EIT is very ill-posed, demanding a high level of regularization against
measurement noise and modelling errors.

A fundamental connection between EIT and CT was found in [Greenleaf et al. 2018]
by using microlocal analysis. There, it was shown that a one-dimensional Fourier
transform applied to the spectral parameter of Complex Geometric Optics (CGO)
solutions produces virtual X-ray projections, enabling a novel filtered back-projection
type nonlinear reconstruction algorithm for EIT. Note that there are no actual X-rays;
the measurements are current-to-voltage data collected with electrodes.

The above analysis paves the way for a novel decomposition of the EIT inverse
problem. It turns out that all ill-posedness of EIT can be confined into two linear steps
in the decomposition. The other one is classical Radon inversion of parallel-beam CT
and thus only mildly ill-posed. The other is a collection of one-dimensional
deconvolutions with a known Gaussian kernel (a third fundamental inverse problems
appears!), which is highly ill-posed. The new approach to EIT, called Virtual Hybrid
Parallel Tomography (VHPT), offers unprecedented reconstruction strategies for EIT,
including maximally interpretable ways of including machine learning to sub-
problems.

The first real-data images by VHPT are presented, and implications to medical
imaging and process monitoring are discussed.



