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In this work, reconstruction methods for multi-frequency electrical impedance tomography (MF-EIT) imag-
ing are developed. In MF-EIT, the aim is to image a target based on a set of complex valued boundary
voltage measurements corresponding to current injections with multiple frequencies. We model the frequency
dependence of the electrical admittivity with the Cole-Cole equation [3]
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Y(w,r) = 000 (1) + re (1)

where 0o(r), 000(r), we(r) and «a(r) are spatially distributed material specific parameters and w is the an-
gular frequency of the time-harmonic electric field. We adopt the observation model of MF-EIT written by
Brandstétter et. al. [1, 2]

Vi=U(0;w;)+n;, i=1,...,N (2)

where V; and n; are vectors of voltage measurements and measurement noise corresponding to frequency w,
and N is the number of frequencies. The parameter vector 6 is defined as 6 = (0, 05, a7wc)T where vectors
0o, 0s, @ and w, denote the finite dimensional representations of the corresponding distributed parameters. The
mapping U = U(6;w) is a combined function U(#;w) = R(y)ov(#,w) where R(7) results from the finite element
(FE) approximation of the electrode model of EIT and v = (0,w) is the spatially discretized counterpart of
the Cole — Cole model (1).

We write the inverse problem of MF-EIT in the Bayesian framework, and compute the mazimum a posteriori
(MAP) estimates based on the observation model (2) and statistical a priori models of the distributed parameters
0o, 0s, @ and we. In cases of Gaussian models, n; ~ N (0,T,), 0 ~ N (0,,T), the MAP estimate can be written
in the form

N
ap = argmin{ 3L, (Vi = UB:)|* + Lo (0 — 0)[}. 3)
=1

where the matrices L,, and Ly are defined as the Cholesky factors of the precision matrices, i.e. L,T”Lm =
Lol LiLy = Fe_l, and 6, is the expectation of 0. We test the feasibility of the approach with numerical

g

simulations. Results for one example case are shown in Figure 1.
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Figure 1: Estimation of Cole — Cole parameters using MF-EIT data with 15 frequencies. The target Cole — Cole parameters are
shown in the first row. The second row shows the MAP estimates of the parameters.
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