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Abstract

Electrical impedance tomography (EIT) is a functional imaging
technique, which may reveal the physiological and pathological
information by human body’s impedance properties. The advantages
such as the non-invasive modality and the relative low cost make
EIT become a research hot in medical imaging. However, the image
reconstruction in EIT is a high ill-posed, non-linear, inverse problem,
and it becomes a key and difficult point in EIT. In the dissertation,
the mathematical and physical models of the image reconstruction in
EIT is firstly discussed, meanwhile, the analysis of the forward
problem of EIT based on the finite element method (FEM) is studied,
and then we provide an algorithm for automatic mesh generation.
Later, we design a data collection experimental system of EIT, and
analyze its measurement precision by experiments. Finally, the four
novel image reconstruction methods for the dynamic and static EIT
are proposed, and their good performances are testified by the theory
analysis and the experimental results.

The achievements of the dissertation include:

(1) In the analysis of the forward problem of EIT based on
FEM, an algorithm for automatic mesh generation is provided. It can
not only discrete a round area into numbers of triangle elements non-
uniformly, but also further fine-mesh any element into 4 triangle
parts. The algorithm implementation provides a foundation for

v
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solving the inverse problem of EIT, and a guarantee for increasing
the local spatial resolution of the image reconstruction in EIT.

(2) Due to their linear reconstruction models, the reconstruction
error is very large when the back-projection method between equi-
potential lines and the sensitivity method are used in the image
reconstruction in EIT. A new image reconstruction method for
dynamic EIT based on the improved BP neural network is proposed
in this dissertation. In the new method a neural network based on the
improved BP algorithm is used to express the non-linear relation
between the impedance change position and the voltage variation
measured at the object’s boundary. When our new method used in
dynamic EIT, the impedance change position can be determined by
the measured data at the electrodes and then the dynamic image can
be reconstructed precisely with the linear approximation method.
The experimental results indicate that our new method is better than
the traditional method in increasing the precision and local spatial
resolution of dynamic EIT.

(3) A regularized image reconstruction method for static EIT
based on the spatial filtering theory is proposed. In the new method,
the low-pass filtering operator is designed according to the spatial
correlation character of the impedance distribution images, and then
the regularization operator is computed by the low-pass filtering
operator. In our regularization method, the regularization operator is
needed to compute only once, as to one reconstruction model of the
EIT problem, so it achieves a lower implementation complexity than
maximum a posteriori (MAP) regularization method. The

\Y
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reconstruction error with our regularization method is smaller than
with the method based on the truncated singular value
decomposition (SVD) and the standard Tikhonov regularization
method. The good performance of our regularization method is also
testified by the experimental results.

(4) An iterative image reconstruction method for static EIT
based on neural network is presented in this dissertation, in which it
need not make a mathematical expression for the non-linear relation
between the impedance changes inside the object and the voltage
changes at the boundary of the object. The BP neural network is
used to express the non-linear relation in our new method. The
training set of the neural network is chosen from the solutions of the
forward problem of EIT. In order to make the neural network
converge quickly, we need to add a priori knowledge to the training
process. The experimental results indicate that the precision of the
reconstructed images in static EIT with our new method is much
higher than with the regularized Newton-Raphson method with a
priori knowledge.

(5) A new static image reconstruction method for EIT based on
genetic algorithm (GA-EIT) is proposed in this dissertation. It is
quite different from the traditional modified Newton-Raphson (MNR)
iterative method based on minimizing the object function. The
global optimized solution will be converged with high possibility,
because genetic algorithm searches the solution among the
population of the possible solutions iﬁ multi-directions and refreshes
the possible solution by the probability rule independent on the

VI



HLRE LR AR o B R R 5T

problem. The experimental results also indicate that the precision
and the spatial resolution in reconstructing images of static EIT with
the GA-EIT method are higher than with the MNR method.

(6) We implement the total image reconstruction algorithms for
dynamic and static EIT in our data collection experimental platform.
The good performances of our four image reconstruction methods
for EIT are verified by experiments in our hardware system, when
they are compared with the other traditional methods. Furthermore,
the reliability of our hardware system is validated by the comparing
experiments with the computer simulation results.

Key words electrical impedance tomography, image reconstruction, finite

element method, neural network, genetic algorithm, regularization
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