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Minimization of Objective Function in Electrical Impedance
Tomography by Topological Derivative

Abstract. The article presents the reconstruction of 2D objects studied using the topological derivative and level set function in electrical impedance
tomography, which is a non-invasive imaging method in which an unknown physical object is examined using measurements on its edge. The
internal distribution of conductivity is obtained on the basis of the measurements. The solution to the optimization problem is obtained by combining
finite element methods and topological algorithms. The presented solution can be effectively used in applications based on electrical tomography.

Streszczenie. W artykule przedstawiono rekonstrukcje badanych obiektow 2D z wykorzystaniem pochodnej topologicznej i funkcji zbioréw
poziomicowych w elektrycznej tomografii impedancyjnej, ktéra jest nieinwazyjng metodg obrazowania, w ktérej nieznany obiekt fizyczny jest badany
za pomocg pomiar6w na jego krawedzi. Wewnetrzny rozktad konduktywno$ci jest otrzymywany na podstawie pomiaréw. Rozwigzanie problemu
optymalizacji uzyskuje sie przez potgczenie metody elementéw skoriczonych i algorytméw topologicznych. Prezentowane rozwigzanie moze byc
skutecznie wykorzystywane w aplikacjach opartych na tomografii elektrycznej (Minimalizacja funkcji celu w elektrycznej tomografii

impedancyjnej za pomocg pochodnej topologicznej).
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Introduction

Electrical impedance tomography (EIT) is a non-invasive
problem of image reconstruction in which the distribution of
conductivity in an object domain can be reconstructed using
external voltage measurements. EIT is an imaging
technique with existing and potential uses in engineering
and medical problems. In this method, electric currents are
injected into a conductive object through electrodes placed
on its surface, and the resulting electrical potential on the
electrodes is determined. In the opposite case, the objective
function is minimized in an iterative procedure, using the
measured and modeled data, the internal conductivity
profile is calculated. Electric tomography can be used in
industrial, medical and geophysical applications. Recently,
there has been a dramatic increase in the field of chest
imaging, with an emphasis on lung ventilation and heart
rhythm monitoring. The finite element method was applied
to domain modeling, and topological algorithms were used
to solve the inverse problem [21]. The problem of topology
optimization applied in the EIT is to find the conductivity
distribution of the object, which minimizes the difference
between electrical potentials obtained from measurements
of electrodes at the boundary of the object and numerically
simulated electrical potentials [3,4,8,14-16].

Topological Derivative

The optimization problem is usually defined as the
minimization of a given activity [2,6,9-11,13,22]. Shape
derivatives and topological derivatives have been included
in the level determination methods to investigate problems
related to shape optimization [17, 18]. The basic method of
shape optimization is a topological derivative evaluated for
a given functional shape defined in the geometric field and
dependent on the classical solution of the elliptical problem
of the limit of value. The topological derivative is defined as
the first term of asymptotic expansion of a given functional
shape with respect to a small parameter that measures the
magnitude of single domain perturbation. Represents the
variation of the functional shape when the domain is
disturbed by openings, inclusions, defects or cracks.
Topological methods are based on the differentiation of
variational inequalities in relation to the operator's
differential operator coefficients. This is sufficient to obtain a

directional differentiation of variation inequalities in relation
to limit variations in relation to changes in topology. When
applying the inverse problems, partial differential equations
are solved, which model the probing fields and which
depend in one way or another on the shape. The shape
functional can be written as an integral over the domain Q
or on the boundary 0Q.

Suppose that the function u(Q;x) € H1(Q), x € Q is a
solution:

—Au(x)=f(x), x€EQ
) u(x) =gx), x €I coQ
O u(x) =h(x), x €Iy € dQ

where f € LX(Q), g € H"*(p), h € L%(y) and 8Q = Ty U b
boundary of Q. Consider the shape functional

(2 3I(@) = [, ) (x, u(@x)) dx

where J : Q xR—R is a function of class C' defined in Q xR
and depending on u(Q;x) to the boundary value problem (1).
The shape optimization is following:

(3)  Find Q" € U,q such, that 3(Q°) = infaey, , I(Q)

In order to decrease the values of the shape functional
3(Q) wit can possibilities to change the shape of the domain
Q, changing of the boundary are governed by shape
derivative and topological derivative.

Numerical algorithms

The forward problem was solved by the finite element
method. The objective function is defined as the difference
between the potential due to the current applied and the
potential measured. The numerical iterative algorithm is a
combination of level determination methods to track the
evolution of stepped edges and finite element methods for
speed calculation. Representation of the shape of the border
and its evolution during the iterative process of
reconstruction is achieved with the use of a fixed level
method. In addition, various zero-level setting functions have
been selected.

Numerical experiments
In the numerical part we consider a rectangular initial
domain with a given applied current with 16 electrodes.
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The point where the value of the topological derivatives is
minimal stands for the location of a hidden object inside the
domain. In the first example we consider the domain with
one hidden inclusion placed at different points in the
domain.

a)

b)

Fig.1. Two inclusions at points (-0.6,-0.2) and (0.2,0.6). (a)
Reference domain, (b) Values of the topological derivative, (c) Re-
sulting domain.

In the Fig.1(a) we have the reference domain (target), in
(b) the values of the topological derivative and in (c) the
result given by the algorithm. In this example we consider
the domain with three hidden inclusion placed inside of the
. In the Fig. 2(a) we have the reference domain (target), in
(b) the values of the topological derivative and in (c) the
result given by the algorithm.

In the second example we suppose that the current um
is applied only on two opposite boundaries as in Fig. 3

In this case we suppose that m = 8 and we reaped the
procedure as previously. The result are presented for one,
two and tree inclusions in the rectangular domain.

Example 1. In the first example we consider the domain
with one hidden inclusion placed at point (0.4,0) in the
domain . In the Fig. 4(a) we have the reference domain

(target), in (b) the values of the topological derivative and in
(c) the result given by the algorithm.

a)

b)

c)

Fig. 2. Three inclusions at points (-0.6,0), (0,0.6) and (0.4,-0.4). (a)
Reference domain, (b) Values of the topological derivative, (c)
Resulting domain.
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Fig. 3. Backgroud domain with an object inside. The
electrodes are placed at opposite boundarys,
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a)

b)

c)

Fig. 4. One inclusion at point (0.4,0). (a) Reference domain, (b)
Values of the topological derivative, (c) Resulting domain.

a)

Fig.5. Two inclusions at points (-0.6,-0.6), (0.6,0.6). (a) Reference
domain, (b) Values of the topological derivative, (c) Resulting
domain.

Fig.6. Inclusions in a rectangular model.

Example 2. In this example we consider the domain with
two hidden inclusion placed inside of the . In the Fig.5(a) we
have the reference domain (target), in (b) the values of the
topological derivative and in (c) the result given by the
algorithm. Figure 6 shows inclusions in a rectangular model.

Conclusion

This article proposes algorithms based on topological
methods, improved methods of setting levels for more
accurate and more stable results of reconstruction in solving
the problem of reverse electrical impedance tomography.
Numerical simulations and measurement experiments show
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that the proposed algorithm ensures stability and greater
accuracy of reconstruction results compared to an algorithm
based solely on deterministic methods. Topological
algorithms were used to obtain images. It has been shown
that the results depend on the initial values of the design
variables. However, when certain properties of the plate
being tested are known, the images are consistently better.

Authors: Tomasz Rymarczyk, Ph.D. Eng., University of Economics
and Innovation, Projektowa 4, Lublin, Poland / Research &
Development Centre Netrix S.A. E-mail: tomasz@rymarczyk.com;
Katarzyna Szulc, Ph.D., Systems Research Institute Polish
Academy of Sciences, Warsaw, Poland, kszulc@gmail.com.

REFERENCES

[11 Rymarczyk T. and Szulc K., Mathematical Analysis of
Topological Derivative for Electrical Impedance Tomography,
PTZE — 2018 Applications of Electromagnetic in Modern
Techniques and Medicine, 09-12 September 2018, Ractawice,
Poland.

[2] Bartusek K., Fiala J., Mikulka J., Numerical Modeling of
Magnetic Field Deformation as Related to Susceptibility
Measured with an MR System, Radioengineering, 17 (2008),
No. 14, 113-118.

[3] Borcea L, Electrical impedance
Problems, 18, 2002, 99-136.

[4] Filipowicz S.F., Rymarczyk T., The Shape Reconstruction of
Unknown Objects for Inverse Problems, Przeglad
Elektrotechniczny, 88 (2012), No. 3A, 55-57.

[5] Garbaa H., Jackowska-Strumitto L., Grudzien K., Romanowski
A., Application of electrical capacitance tomography and
artificial neural networks to rapid estimation of cylindrical
shape parameters of industrial flow structure, Archives of
Electrical Engineering 65 (2016), No. 4, 657-669

[6] Gola A. and Nieoczym A., Application of OEE Coefficient for
Manufacturing Lines Reliability Improvement, in Proceedings
of the 2017 International Conference on Management Science
and Management Innovation (MSMI 2017), 2017.

[71 Hamilton S. and Siltanen S., Nonlinear inversion from partial
EIT data: computational experiments, Contemporary
Mathematics, 615, 2014, 105-129.

[8] Hintermiller M., Laurain A., A. Novotny, Second-order
topological expansion for electrical impedance tomography,
Advances in Computational Mathematics 36 (2012), No. 2,
235-265.

[9] Kosicka E., Koztowski E., and Mazurkiewicz D., Intelligent
Systems of Forecasting the Failure of Machinery Park and
Supporting Fulfilment of Orders of Spare Parts, 2018, 54—63.

tomography, Inverse

140

[10]

(1]

[12]

[13]

(14]

(18]

[16]

(7]

(18]

[19]

(20]

[21]

Korzeniewska E., Gatgzka-Czarnecka |., Czarnecki A,
Piekarska A., Krawczyk A., Influence of PEF on antocyjans in
wine Przeglad Elektrotechniczny, 94 (2018), No. 1, 57-60.

Goclawski J., Sekulska-Nalewajko J., Korzeniewska E.,
Piekarska A., The use of optical coherence tomography for the
evaluation of textural changes of grapes exposed to pulsed
electric field, Computers and Electronics in Agriculture, 142,
2017, 29-40.S. Osher, J.A. Sethian, Fronts Propagating with
Curvature Dependent Speed: Algorithms Based on Hamilton-
Jacobi Formulations, J. Comput. Phys. 79 (1988), 12-49.

Polakowski K., Filipowicz S.F., Sikora J., Rymarczyk T.,
Quality of imaging in multipath tomography, Przeglad
Elektrotechniczny, 85 (2009), No. 12, 134-136.

Rymarczyk T., Sikora J., Applying industrial tomography to
control and optimization flow systems, Open Physics, 16,
(2018);  332-345, DOI: https://doi.org/10.1515/phys-2018-
0046

Rymarczyk T., Klosowski G., Application of neural
reconstruction of tomographic images in the problem of
reliability of flood protection facilities, Eksploatacja i
Niezawodnosc — Maintenance and Reliability 20 (2018), No.
3, 425-434, http://dx.doi.org/10.17531/ein.2018.3.11
Rymarczyk T., Ktosowski G., Koztowski E., Non-Destructive
System Based on Electrical Tomography and Machine
Learning to Analyze Moisture of Buildings, Sensors, 7 (2018),
2285.

Sokotowski J., Zolesio J., Introduction to shape optimization.
Series in Computationnal Mathematics, Springer Verlag 16,
1992.

Sokolowski J., Zochowski A., On the topological derivative in
shape optimization, SIAM Journal on Control and Optim. 37
(1999), 1251-1272.

Soleimani M., Dorn O., Lionheart O. W., A narrow-band level
set method applied to EIT in brain for cryosurgery monitoring.
IEEE Transactions on Biomedical Engineering, 53 (2006), No.
11. 2257-2264.

Smolik W., Kryszyn J., Olszewski T., Szabatin R., Methods of
small capacitance measurement in electrical capacitance
tomography, Informatyka, = Automatyka, @ Pomiary w
Gospodarce i Ochronie Srodowiska (IAPGOS) , 7 (2017), No.
1, 105-110; DOI: 10.5604/01.3001.0010.4596

Rymarczyk T., Szulc K., Solving Inverse Problem for Electrical
Impedance Tomography Using Topological Derivative and
Level Set Method, International Interdisciplinary PhD
Workshop 2018, IIPhDW 2018, 09 - 12 May 2018,
Swinoujécie, Poland.

Ziolkowski M., Gratkowski S., and Zywica A. R., Analytical and
numerical models of the magnetoacoustic tomography with
magnetic induction, COMPEL - Int. J. Comput. Math. Electr.
Electron. Eng., 37 (2018), No. 2, 538-548.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 95 NR 6/2019



