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ABSTRACT

An analytical overview of the methods for solving problems in the field of electrical impedance tomography was
performed. Realization of natural and model experiment methodology in electrical impedance tomography was reviewed.
The structural installation diagram for natural and model experiment was shown. The use of conditionally well-posed
problems was suggested. The algorithm of natural and model experiment was introduced and functional test was
performed. Test results show relatively high accuracy and operation speed of the algorithm. It was traced the possibility of
image reconstruction and biological objects anomaly detection based on the natural and model experiment methodology.
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1. INTRODUCTION

Currently for diagnostics medicine and industry
use electrical impedance tomography (EIT) which is the
way to obtain tomography image based on the natural and
model experiment methodology.

Low-voltage currents (1-5 MA) of high-frequency
are carried to the study subject by a system of electrodes
attached to its surface. Electric potentials are measured on
the electrodes. Values of potentials and currents converted
to digits are input into computer. Its software has a
computer model that includes a mathematical model that
describes the potential distribution in the object,
techniques of modeling and functionals minimizing. By
solving the inverse problem an unknown distribution of
electrical conductance and shape of abnormal inclusions
inside the object are found, which can be used in medical
tomography, non-destructive inspection of industrial
products and processes. The problem relates to inverse
problems of mathematical physics. They are characterized
by several features: they are, in most cases, non-linear;
they may have more than one solution or no solutions at
all, they are not stable with respect to small changes in the
input data. For the inverse problems measurement error
can have a significant impact on the error in the
determination of any properties of the object. Such
problems are usually called ill-posed problems in the sense
of Hadamard.

2. RESULTS

A considerable amount of research is devoted to
problems of EIT. [1] describes the technology of the finite
element model of biological objects construction. As an
example the construction of a model of the human head. It
is suggested a criterion of optimizing the finite elements
and estimated the maximum amount of information
obtained by electrical impedance measurements. [2]

describes the experimental installation for EIT and the
method of inverse problem solution based on the use of
artificial neural network models.

In [3, 4] the electrical impedance tomography
uses famous iterative method for solving the system of
equations, the Newton-Raphson method which is as
follows. For the various configurations of the current
running to the object functionals like the following are
constructed.
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where Il is the norm in L2, i ; T is the
vector of potential values, which are determined by

solving the direct problem of EIT; %/ is the vector of the
measured values of potentials; i is the current
configuration index, n is the number of configurations
equal to the number of variables; j is the electrode index.

It is estimated that conductancesc have piecewise
constant distribution. The functional (1) is expanded in
Taylor's series without sacrificing linear components
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>+ where k is the index of the iteration step.
As a result we have a system with matrix of
Jacobi of the form
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After the system (2) is solved we find the
following initial guess

a(k”) — 6(k) + Aa(k)

Then we check if it is met the condition
Jik+1 <g
whereg is the functional minimum determination accuracy.

We shall note that a vector ?i can be obtained on
a physical model or by computer modeling. The variables
can be the conductance, currents, geometrical parameters
of internal abnormalities.

The approach described above has a significant
drawback: with increase of k the value of the Jacobi matrix
elements tends to zero. This increases the effect of
rounding errors. We have to apply the regularization.

A genetic algorithm is applied in [4] to solve the
problem of EIT. It is stated that this algorithm can
overcome the incorrectness of the inverse problem. The
drawback of this work is that the algorithm is verified on a
two-dimensional model that includes only one
nonhomogeneity.

The problem of the electrical impedance
tomography is solved using the circuit analysis in [5]. It is
supposed to use matrix inversion which complicates the
calculations. This approach may be useful for determining
the initial values of the desired conductance. It is proposed
in [6] to use method of conductivity band in circuit
analysis instead of the Newton-Raphson method, which
reduces the order of systems of equations. However,
disadvantages of this approach using the derivatives are
retained.

[7] Uses the final element analysis (FEA) to solve
the direct problem of EIT, the inverse problem is solved
by the Newton-Raphson method.

It is suggested in [8] to solve the problems of EIT
by modifying the finite difference method. Method
schemes are determined by the method of finite volumes.
The article compares the suggested method and FEA and
shows that the suggested method does not have any
advantages. The drawback of the method is the necessity
to build a new program to solve the direct problem of EIT.
The analysis of the sources [1 - 8] leads to the following
conclusions:

a) EIT has a number of advantages over other
types of tomography: compact equipment, devices
simplicity, low cost, relatively little time to gather
information, security for biological tissues. Disadvantage
of EIT is poor quality of the images. EIT could be a
promising direction provided hardware improvements and
computer models based on the use of natural and model
experiment method.

b) It is reasonable to solve the direct problems of
EIT by using the finite element method, which is
implemented in many commercial and non-commercial
software systems and provides acceptable accuracy.
However, the methods which significantly reduce the
direct problems order of EIT are not described. These

include boundary element methods, fundamental system of
solutions, and mixed methods.

¢) Application of the Taylor series method and
the Newton-Raphson method necessitates to solve the
system of «n» equations with ill-conditioned matrix (n is
the number of unknown quantities: conductance and
geometrical parameters of abnormal inclusions). In our
view, in order to minimize the functional (1) it is
reasonable to use gradient methods that would reduce the

number of operations in n’times. This is due to the fact

. . 3 .
that it is required ~ N operations to solve the system of
«n» equations with «n» unknowns. When using gradient
methods one uses «n» relations and follows ~ «n» steps.

d) The direct problem of EIT resolves into a
boundary value problem for the elliptic equation of the
second order.

e) It is noted that the inverse problem is ill-posed.
We further propose to use conditionally well-posed
problems. At the same time the existence and uniqueness
of solutions of the boundary value problems for elliptic
equations is proved. Stability of the problem is achieved
by finding solutions within the restricted class of functions
- the class of constrained functions. These functions are
used in the finite element method and other numerical
methods.

f) The natural and model experiment allows the
use of the physical models of the study subject instead of
the subject itself when checking-out measuring equipment
and computer model of the electrical impedance
tomography. It is convenient to use computer simulations
of the subject when testing a computer model of EIT.

Image reconstruction in EIT depends on the
correct choice of the mathematical model of the study
subject, initial approximation of the unknown parameters,
measuring equipment error, the choice of minimizing the
target functional method. We suggest using the method of
the natural and model experiment to solve the problem.
The effectiveness of such an approach for determining the
magnetic parameters of electrical products is shown in [22,
23]. Its special feature is that the results of the experiment
are used as input data for the simulation of
electromagnetic field of the system the product is tested in,
and as a criterion for evaluating the accuracy of the
problem numerical solution.

Consider the implementation of the natural and
model experiment method in the EIT. In [24 - 28] a
hardware-software complex for electrical impedance
tomography of biological objects is developed.
Generalized structural installation diagram for the
experiment is shown in Figure-1.

Biological Is J ADE b P

olject

Figure-1.Structural installation diagram for the natural
and model experiment in EIT.
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The experimental information about the currents |
and potentials on electrodes ¢ attached to the surface of
the study subject is put in the personal computer (PC),
after it has been amplified in the input section (IS) and the
measuring signals have been digitized by analog-to-digital
converter (ADC). The software required for the solution of
the following inverse problem is installed. It is necessary
to reconstruct the structure of the subject, the distribution
of the specific electrical conductance and the geometry of
the anomalies based on the solution of an elliptic boundary
value problem for the differential equation of the second
order

3)
with the boundary conditions:
% _
on  out of the current electrodes; 4)
% _ 1
on oS on the current electrodes of S in area. )

Here ¢ is electric potential, o(%Y) s specific
electric conductance.

Electric induction currents are neglected.

The described problem belongs to the class of
Neumann inner models which solutions are defined up to a
constant. To obtain a unique solution set a potential of one

electrode is ®=0. As mentioned above, additional
information for the solution of the inverse problem are the

measured values of current
electrodes.

We propose the following algorithm of the
natural and model experiment in the EIT to solve the
problem:

1. Set the initial values of the specific electrical
0
i and

i and potential Pi of the

conductance of the subdomains of the object

0
geometric parameters 9i

G0 0 0 0 0 ~0 0
X 2(61,62,...,Gm1,gl,gz,...,gmz)

2. Solve the direct problem (3 - 5) by one of the
numerical methods (see clause 1.3). The result is a first
approximation to the distribution of potential on the

electrodes @i (i=12,.

measurements.

3. Calculate the square of the difference norm
— — % 2
P —

"N), where N is a number of

J=

4. Check the condition Ji SS, where ¢ is

determining accuracy of the functional Ji minimum,
g=5-10""

5.If the condition (4) is met, then the solution is
)—(-0

found and it is . Otherwise, by applying a gradient

method for minimizing the functional J (see clause 1.4),
ol

we find the following approximation X" The following

relation is used

g4 = g% —[a]gradd

where [o] is a diagonal matrix of steps.

6.Return to step 2, using the new values of X.

Computer simulations of the study subject was
used when testing the proposed computer model of EIT.

Set two-dimensional region (Figure-2) and the
values of current | (amplitude 1 mA, frequency 50 kHz),

electrical conductance of the subdomain 1 (% =290 sm/m)
u2 (°2 = 0.5sm/m).

Figure-2. Calculation area (number of electrodes 16).

Solve the direct problem (1.34-1.36) by the finite
element method. Figure-3 shows the finite element mesh
covering the calculation area and containing 8375
components.

Figure-3. Calculation area with the finite element mesh.

The electric field distribution in the subject is
shown in Figure-4.
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Figure-4. The electric field distribution in the subject.

We now turn to the problem of solving the

. . 0 — *_
inverse problem, setting © =180sm/m and ©:=%4sm/m

and using the proposed algorithm. The results of iterative
process for solving the inverse problem of EIT are shown
in Table-1.

Table-1.The results of iterative process for solving the
inverse problem of EIT.

Mensured | Caloulated vahse

value T ] F| 3 ] 5 ] 6
T Gnisssz |00 1 T

@y T | oo1%e1F |
T |ese2a0t | saesio JEEICICE
G

(1533107 |

| 200000 | 180.000 | 190.000 195504 | 199.696 | 200026 | 19996 | 200010 |
05000 | 04000 | 04500 | 04781 | 04963 | 0OABS0 | 04987 | 04996 |

J=1.11-10" e
G =200.010 1y 0, = 04996 ¢y

For the case received

Errors in the reconstruction of the conductance are:
S1701100% =510
%;

6(‘51 ) =

Oy

*

c,—C
5(02): -2
O,

-100% = 0.08
% .
Test results show relatively high accuracy and
operation speed of the algorithm.

3. CONCLUSIONS

Image reconstruction and biological objects
anomaly detection based on the natural and model
experiment methodology can be proved possible by the
following circumstances:

- an iterative process to determine the desired

image converges fair quickly, as experimentally

determined parameters (capacity, conductance), when
properly organized experiment, have a high degree of
correlation with the true object parameters because they
are, in fact, a display (projection) of the desired
parameters.

- mathematical modeling drawbacks, including
errors, appear significantly less as the calculation results
are verified at each step of the iterative process by
comparison with experimental results.
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