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Abstract: Electrical impedance tomography (EIT) is an imaging tool for clinical and
process applications, in which maps of the electric conductivity (or, more generally
admittivity) distribution inside a body are formed from the current-to-voltage map of the
body's surface. EIT is usually a three-dimensional problem, as the current lines in practical
problems do not remain localized in a plane. The transposition of two-dimensional (2-D) EIT
to three-dimensional (3-D) EIT is a challenging task and imposes significant increase in
computational power demands and storage requirements. This work demonstrates most
advance techniques, which are used in EIT. Described is 3-D image reconstruction algorithm
based on the Newton method in which optimal results are obtained for the reconstruction
process. More importantly, the algorithm incorporates 3-D forward modeling, based on the
finite element method (FEM), in which is proposed accurate modeling of current fed and
voltage collecting electrodes. Two programs as well as experimental vessel with objects of
different conductivity are being developed.

Keywords: Electrical impedance tomography, Three-dimensional problem, Inverse
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1 Introduction

EIT is a new imaging technique based on the evaluation of internal
distribution of the conductivity inside conductive objects. An array of electrodes
is attached on the boundary of the object and small alternating currents are
injected through the selected pairs of electrades. The resulting voltages are
measured between the other adjacent pairs of electrodes according to Fig. 1 and
sometimes even between the current electrodes. The volume conductivity y
distribution or it inverse p is evaluated from the potentials measured on the
boundary, forming vector U, There are many methods how to solve the
problem from fast and less accurate to more sophisticated and time consumable.
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In this work we use for the conductivity modelling the FEM and for the inverse
method the generalized Tichonov regularization.
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Fig. 1. Principle of EIT apparature

Compared with techniques like positron emission or x-ray tomography,
EIT is at least thousand times cheaper and smaller. The method is very fast and
so it can also be applied to partially moving objects.

2-D EIT problems are discussed in some books, e.g. [1], [2] and in a lot of
papers. Thousands of references can be found on different web sites. Only few
3-D EIT problems are discussed, for example, in [3] to [6].

In this paper we discuss the estimation of difference and static 3-D
conductivity distribution. We use, according to [6], simplified complete
electrode model to describe the EIT measurements. FEM is used to obtain a
discretization of the governing equations. Moreover, we use accurate models of
both current and voltage electrodes using the Galerkin method.

2 The forward problem

The field in the forward model is supposed to satisfy the Laplace equation
for potential u in a region £2 of unknown conductivity y (see Fig. 1)

V- (yVu)=0. (1)
The boundary 7/ consists of three parts, namely of a pair of current source
electrodes 77, , a set of voltage electrodes /v, j =1, ... N,, and the free surface

I, among electrodes. The following boundary conditions hold

0 ou
I;Va—:dlej on /7, a:o onl/ . (2a,b)
Iy

i

Further u; 1s the measured floating potential of an unloaded j-th voltage
electrode, forming vector Ug. Usually only two electrodes are fed from a current
source, so that holds the law of conservation of the charge. Voltage set is
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measured between adjacent pairs of other electrodes. It is unusual to make
voltage measurement from electrodes that are carrying current, since the voltage
drop across the electrode-skin resistance is unknown. The EIT system then
switches the current to another pair of electrodes, and measures a second set of
voltages and so on. At least one point or an electrode is set to zero to preserve
the existence and the uniqueness of the solution.

2.1 FEM implementation

The FEM is used to turn the continuous problem into a discrete
formulation. The solution domain (2 is discretized into 3-D finite elements. An
example of meshing of a cylindrical tank under development is in Fig. 2. The
mesh consists of 336 linear prismatic elements with 7 vertical element layers.

The number of nodes is 216. From totally 40 electrodes are darkened two in the
bottom layer.
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Fig. 2. 3-D mesh of a cylindrical tank using upright linear prismatic
elements

The Galerkin method is used to transform (1) using approximation
u=ZuJ.Wj(x,y,z) (3)
Jj=l1
Here u, and W, are nodal potential and weighting functions. We obtain a system
of equations, which can be written in the matrix form as
G, +U,) =1 (4)
where U, ,U, is vector of internal and electrode nodal potentials, respectively.

From the last equation vector Uy is calculated. Procedure described in [8], [9] is
used to model current supplied and voltage electrodes with minimal error.
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3 The inverse problem
EIT image reconstruction is a non-linear ill-posed inverse problem for
which reason we have to use regularization techniques. We use the Tikhonov
regularization, such as in [5], [6] which can be written in the form

min{|U, = Uy (o) +3p =30, +[L(0 =, | )

where J is the Jacobian of Ug(p) with respect to p, (p is the vector of the
clement resistivities, L is a regularization matrix). The regularization matrix is
usually chosen so that it approximates the directional derivatives in three
dimensions. The solution of (5) is

Sp=(I"3+L"L)" (376U) (6)
where 8p =p —p, is estimated small resistivity change and 6U=U _ -U, is the

measured voltage change. This is so called difference model. Also a static model
for the large resisitivity changes can be obtained from (6) ([S]).

4 Conclusion
Two independent programs are written in FORTRAN and MATLAB -
FEMLAB environment to solve the above formulated problem. The simple
system of a saline filled tank according to Fig. 2 is chosen for its easy FEM
model generation when a triangular grid on the circle is translated in the z — axis
direction. This form of the tested body is classical and the results can be
compared with the results published previously.
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