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Abstract. This compact finite element MATLAB software ”EIT2D” for 2D
electrical impedance tomography is suitable for investigating and understand-
ing the nature of an inverse problem. Furthermore this source code can be

used as a starting point for reader’s own developments. Below you will find
some hints for the application of the source code.

1. Mathematical Setting. Let Cc := {z ∈ C : Re(z) > c > 0} and H
−1/2
� (∂Ω) =

{g ∈ H−1/2(∂Ω) :
∫
∂Ω

g ds = 0}. We consider the boundary value problem

−∇ · (γ∇u) = 0 in Ω ⊂ R2, (1a)

γuν = g on ∂Ω. (1b)∫
∂Ω

u ds = 0. (1c)

where g ∈ H
−1/2
� (∂Ω) is the current flux, u ∈ H1(Ω) is the induced electrical poten-

tial and γ ∈ L∞(Ω,Cc) the admittance function. Considering the weak formulation
of this problem ∫

Ω

γ∇u · ∇v dx =

∫
∂Ω

gv ds ∀v ∈ H1(Ω)

one can show (applying the Lax-Milgram theorem) the existence and the uniqueness
of the solution u ∈ H1

� (Ω) := {φ ∈ H1(Ω) :
∫
∂Ω

φds = 0} of the forward problem
for given γ and g. We employ the user-friendly MATLAB PDE tool box to generate
and administrate the finite element meshes and to assemble the stiffness matrix for
the weak formulation above, as well.
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2. Inverse Problem. The inverse problem consists of determination of γ for given
set of boundary measure-current pairs (um, gm)m, m = 1, ...,M . The following
parameter-to-solution operator is essential for our investigation:

F : L∞(Ω,Cc) → H
1/2
� (∂Ω), γ 7→ u|∂Ω.

There are a lot concepts to solve an inverse problem. For the reconstruction of the
admittance we choose the iterative regularized Gaussian-Newton method:

γk+1 = γk + ((F ′(γk))
∗F ′(γk) + θD)−1(F ′(γk))

∗(F (γk)− V ), k = 0, 1, 2, ...

where F ′ is its Frechet derivative, V is the measured data set and D is the diagonal
of (F ′)∗F ′. So we see that solving the direct problem is a step of the Newton-like
reconstruction algorithms which by the way requires a remarkable quotient of time.
Since the given inverse problem is ill-posed, some regularising techniques must be
employed. Here, θ is a regularization parameter, which allows to invert the matrix
(F ′)∗F ′ approximatively. The software reconstructs iteratively the admittance for
a set of regularisation parameters and displays the result for the last one.

3. Measurement Setting. For the measurements we take four electrodes. A, B:
current/active electrodes and M, N: voltage/passive electrodes. They are modelled
as point electrodes, i.e. the value of the mesh points corresponding to the electrodes
M and N are set to the given current flux and all the others are equal to zero. The
corresponding measure is the potential difference between the electrodes M and N.

4. Source Code. The software ”EIT2D” was written by Andreas Helfrich- Schkar-
banenko and Tim Kreutzmann at University of Karlsruhe, GERMANY, 2009. It
consists of four functions with the main function EIT2D.m. To start it you need
MATLAB and its PDE Tool Box.

Name function
EIT2D.m main program; here you can initialise some parameters like

model, number of ekectrodes, background admittance, fi-
nite element mesh parameters

createGrid2D.m creates a finite element grid for the admittance function
forwCalc2D.m generates the measurement data; a (local regularly) refined

finite element mesh is used
invCalc2D.m reconstructs iteratively the admittance for a set of regular-

isation parameters; it contains own forward solver
Table 1. Functions

5. Numerical Examples. The software ”EIT2D” offers experiments with three
different domains Ω ⊂ R2, where the user may introduce his own geometry analo-
gous to the written code. The number of electrodes is arbitrary for the models 1
and 2. For the model 3 it must be a multiple of four. In general case the synthetic
admittance function is complex-valued. So we reconstruct the real and imaginary
part of it, as well.
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Figure 1. Model 1: circle with a kite as a complex valued anom-
aly; 1st line: given admittance; 2nd line: reconstructed admittance

Figure 2. Model 3: square with a kite as anomaly

Figure 3. Model 2: a two dimensional model for human thorax
including lungs, heart and backbone
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