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1 MREIT experiment
The subject is placed inside an MR scanner and
pairs of electrodes are attached. Current is then
applied through the electrodes.

Figure 1: Schematic of MREIT system [1]

The current induces a magnetic field. MR mag-
nitude images are obtained by the MR scanner.
Reconstruct cross-sectional conductivity images.

2 Mathematical model
We formulate the MREIT problem in an open,
bounded subset Ω of R3 with sufficiently smooth
boundary ∂Ω and conductivity distribution σ [2].

Current density F(σ) = J = −σ∇u. Map from
J to magnetic field B is the Biot-Savart integral.

G : J(x) 7→ B(x) =
1

4π

∫
Ω

J(x ′)×
x − x ′

|x − x ′|3dx
′.

The MR-scanner measures only the z-
component of B. The MREIT reconstruction
problem is to determine σ from noisy B3 data.

3 Toy example: ball inside unit cube
Consider a small ball B(c, r) parameterized by its
radius r ∈ (0, 0.5) and center c ∈ (0, 1)3, with

σ(x) = 1 + χB(c,r)(x).

Infeasible to do UQ on discretized σ in 3D with n3

cells. Reduce dimensionality by parametrization.

Figure 2: Example conductivity distribution σ in
Ω = [0, 1]× [0, 1]

Forward mapping F : σ 7→ J is simulated using
FEniCS [3]. Four slices of the x-component of
J from the σ in fig. (2) are shown in fig. (3).

Figure 3: Slice {10, 25, 40, 55} of x-component of
current density field J1 with f = x and n = 64

The second forward mapping G : J 7→ B , i.e.
the Biot-Savart integral, is evaluated using spec-
tral methods [4].

Figure 4: Slice {10, 25, 40, 55} of z-component
of induced magnetic field B3

4 Bayesian inverse problem
We seek to identify σ from noisy measurements.

Y = G(F(σ)) + E, E ∼ N(0, ϵ2I).

F is the map from conductivity σ to current den-
sity J. G is the map from J to magnetic field B.

Setting

• F nonlinear, continuous: σ 7→ J
• G linear, continuous: J 7→ B
• σ ∈ L∞+ (Ω), J ∈ [L2(Ω)]3, B ∈ [L2(Ω)]3

We consider a piecewise constant prior for sigma
with spherical inclusions. Bayes’ rule gives the
posterior.

πpost(r, c |y) ∝ πlike(y |r, c)πpr(r, c)

We use a Gaussian likelihood and place a uniform,
non-informative prior on r and c .

5 Implementation
The CUQI team have developed CUQIpy, a pack-
age for Bayesian modelling of inverse problems.
We intend to use CUQIpy as a key modelling tool.

UQ plan: step-by-step

• Sampling the posterior using MCMC
• Computing the posterior mean as an esti-

mate for σ
• Computing credibility intervals to quantify

uncertainties
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