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Implementing deterministic methods to solve the inverse
problem for the model with lungs and heart in the EIT

Abstract. The article presents the implementation of deterministic methods to solve the inverse problem for a human chest model with lungs and
heart in electrical impedance tomography (EIT). It is a non-invasive imaging method involving the examination of an unknown physical object using
electric currents and appropriate measurements of voltage drops at its edge. The solution is part of an advanced biomedical application system. The
gathering of tomographic data must be fairly fast and reliable so that the algorithms can reconstruct the images in real time. The presented
algorithms allow lung and heart monitoring.

Streszczenie. W artykule przedstawiono wdrozenie deterministycznych metod do rozwigzania zagadnienia odwrotnego dla modelu klatki piersiowej
cziowieka z ptucami i sercem w tomografii impedancji elektrycznej. Jest to nieinwazyjna metoda obrazowania polegajgca na badaniu nieznanego
obiektu fizycznego za pomocg pradéw elektrycznych i odpowiednich pomiaréw spadkéw napiecia na jego brzegu. Rozwigzanie jest czescig
zaawansowanego systemu aplikacji biomedycznej. Gromadzenie danych tomograficznych musi by¢ dosy¢ szybkie i niezawodne, aby algorytmy
mogty rekonstruowac obrazy w czasie rzeczywistym. Przedstawione algorytmy umoZliwiajg monitorowanie ptuc i serca. (Implementacja metod

deterministycznych do rozwigzania zagadnienia odwrotnego dla modelu z ptucami i sercem w ETI).
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Numerical model

There are many methods for solving optimization
problems [1-13]. The article presents and implements
deterministic methods [14-19]. Monitoring lungs in
unconscious intensive care patients, collecting data across
the entire body border is impractical. The boundary area
available for electrical tomography measurements is limited.
Physiological processes that cause changes in the electrical
conductivity of the body can be monitored using algorithms
[20-24]. The proposed approach is to solve the problem of
non-linear reconstruction of the inverse image [25-31].

Regularization methods
Methods based on the SVD distribution
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In the case of EIT, it can consider the sensitivity matrix as
A, x the searched permittivity distribution, a b as a
measurement vector. In regularization methods, the SVD or
GSVD distribution can be used.

We are considering the decomposition SVD (4 = UzVT) for
L =1, and decomposition GSVD
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The case considered L = I.

Methods based on the SVD distribution
e Tikhonov regularization

For x* = 0 a character solution is got
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e DSVD method
For x* = 0 a solution is got
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e TSVD method
We use matrix submatrices U — U; = U(:,1: 1) and for the
matrix V =V, =V (,1: 1).

For x* = 0 a solution is got
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Reconstructions

For the presented methods, the values shown in Fig. 1
for heart and lungs as a linear combination of the inverse of
the absolute value and the logarithm of the value.. Figure 1
shows the reconstruction of the image by Tikhonov method.
Algorithms based on SVD distribution of the sensitivity
matrix lead to similar reconstructions. However, the TSVD
method leads to the worst reconstruction. Promising
reconstructions were obtained by maximum entropy and
conjugate gradient methods, the lungs and heart are clearly
visible, but the difference between the permeability of these
organs is also visible.
For the given model, the parameters for each of its parts
have been adopted:
. heart - 0.3332,

. lungs - 0.2844,
. skin - 0.1,
. the zone between organs and the skin - 1.

Several reconstruction methods have been considered. For
everyone it appeared that the heart is connected to the
lungs. There was no such situation for a model without a
skin layer. For the methods discussed, the following
reconstructions as shown in Fig. 2-5 were obtained. For the
TSVD method with the determined cut-off threshold, the L
or quasi curve method optimally does not obtain acceptable
reconstructions. The TSVD method with a threshold
determined as fitting two straight lines, a parabola for
standard deviations of the solution vectors, we obtain a
reconstruction (Fig. 5). The methods described above
resulted in similar reconstructions.

A function generating an environment with a "diameter"
of k for triangular elements was calculated. Examples of
designated neighbourhoods for selected elements for
"diameters" k = 1,2 (Fig. 6).

Based on neighbourhoods, one can define base vectors
([0,11, [1,1], 1,01, [1, -1]) as a rope combination of selected
vectors from the set of generated vectors (the method of
generating them is presented in Fig 7).
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Fig. 1. Image reconstruction: a) 2D model of the lungs and heart,

b) Tikhonov method,

, d) DSVD method,

c) TSVD method

e) maximum entropy method, f) conjugate gradient method.
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heart and intervals on the armpits.

Fig. 2. Model with lungs

Fig.3. Image reconstruction - the Tikhonov method.
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Fig. 4. Image reconstruction - DSVD method.
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Fig. 6. Examples of designated neighbourhoods for selected
elements for diameters k = 1,2.

Fig. 7. Basic vectors.

V Vectors are generated as vectors with their origin in
the centre of the circle entered for the central element and
the end in the centre of the circle entered for each
neighbouring element. These operations generate the L
matrix (N x N, N- number of elements in the grid) filtering
the filter (F 3 x 3) where the elements of this matrix are
responsible for the values of the coefficients of linear
combinations of vectors generated representing base
vectors.

)1 = { 2ver a7 - F([4,7,8,9,6,3,2,1])

®1 7 |0, when element i is not adjacent to j’
where: B — set of base vectors
B =
{{o,1],[1,1],[1,0], [1,-1], [0, —1], [-1, 1], [-1,0], [-1,1]}.
a}fj = J9j- b}Jy v= ngesibz “Yks Ik —
one of the vectors generated, §; - is a set of all vectors
generated for an element i (central element Fig. 7).
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reconstruction R was obtained

(9)R = (28TS+ a?-LTL)"'- (287h),
where: S — sensitivity matrix, « = 2e — 4, b —
measurements.
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Fig. 8. Reconstruction with the L matrix is a method with GSVD
distribution for the S and L matrices.

Reconstruction with the L matrix is a method with the
GSVD distribution for the S and L matrices (Fig. 8).
Recursive methods such as CAV (Component-averaging),
Cimmino, drop (Diagonally Relaxed Orthogonal Projections)
and Landwerberg lead to similar reconstructions as the
Tikhonov, TSVD and DSVD methods, due to this fact their
results have not been presented.

Conclusion

The article presents algorithms for image reconstruction
for a human chest model with lungs and heart. Electrical
impedance tomography was used for this purpose. It is a
non-invasive imaging method involving the examination of
an unknown object using electric currents and appropriate
measurements of voltage drops at its edge. In medical
clinical trials and practice, imaging has become an important
part of diagnosing and studying the anatomy and function of
the human body. The proposed methods were used to
obtain real reconstructions. Data acquisition must be as fast
as reliable. The solution is part of an advanced biomedical
application system.
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