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Abstract:
RBF-MREIT, for Magnetic Resonance Electrical
Impedance Tomography (MREIT) by applying the

We have developed a new algorithm,

radial basis function (RBF) network and Simplex
method. RBF-MREIT uses only one component of the
measured magnetic flux density to reconstruct the
conductivity images, and provides a solution to the
rotation problem in MREIT. The proposed algorithm is
and the
simulation results suggest that the proposed algorithm

tested on a three-spheres head model

can reconstruct conductivity distribution images with
high accuracy.
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I. INTRODUCTION

Accurate knowledge of the electrical properties of
head tissues is important to three-dimensional (3-D) spatial
analysis of electroencephalography (EEG) [1,2]. Magnetic
Resonance Electrical Impedance Tomography (MREIT)
has been proposed to obtain conductivities of biological
tissues [3-5]. However, many MREIT algorithms use
current density estimates to reconstruct conductivity
distribution images [3,4]. This presents a rotation problem
which limits the development of MREIT technique.

In the present study, we have developed a new
MREIT algorithm, which uses only one component of the
measured magnetic flux density to reconstruct the
conductivity distribution without rotation. The proposed
in a

algorithm is tested by computer simulations

three-spheres head model to reconstruct human head
conductivity images.
Il. METHOD

The goal of the proposed RBF-MREIT algorithm is to
estimate the inner conductivity distribution using the
measured magnetic flux density and the known boundary
conditions.

By means of segmentation of MRI images, different
regions of the head can be determined, within each of
which the conductivity values maybe considered to be
approximately the same. So a piece-wise inhomogeneous
head model can be constructed from the MRI images. The
goal of the proposed algorithm is therefore reduced to
determining the conductivity value of each region. When,
for instance, the head is assumed to consist of 3 regions of
different conductivities, the scalp, skull and the brain, only
3 parameters need to be estimated.

A current of low frequency is injected into a human
head through a pair of surface electrodes [6]. Then one
component of the induced magnetic flux density was
measured by a MRI scanner. In the present study, the

measured magnetic flux density, B:, was simulated with
noise being added to the target magnetic flux density to
simulate the noise-contaminated “measured” B, .

We first made an initial guess of the conductivity
distribution. Then we solved the relevant Poisson’s
equation and obtained the corresponding magnetic flux

density B, . After that, we computed the dissimilarity
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between B, and B, as a function of conductivity

distribution. At last,
conductivity distribution by minimizing this dissimilarity

we can estimate the optimal

function.

In the present study, we used radial basis function
network (RBF) [7,8] to construct the dissimilarity function,
and Simplex method to find the optimal conductivity
distribution. The dissimilarity is defined as:

f () =RE(B;,B,)’ @)

where RE(B,,B,) is the relative error (RE) between B,

and B,.
IV. SIMULATION STUDY

Simulation parameters

A three-spheres head model was used in the present
study to test the RBF-MREIT algorithm. The parameters of
the head model are listed in table 1. We assume that only
the skull’s conductivity value is unknown. To test the noise
tolerance of the proposed algorithm, noise with different
levels was added to computed B, to simulate the

“measured” B, . The SNR of added GWN was set to

infinite, 80, 60, 40, 20, 15, and 10.

Simulation results
Tables 2 and 3 illustrate the results when the skull
conductivity is 1/15 S/m [9] and 1/25 S/m [10],
respectively.
Table 1 Head model parameters

brain  skull scalp
R(cm) 8.7 9.2 10
o(s/m) 1 1/15 1
o(s/m) 1 1/25 1

The listed results in tables 2 and 3 suggest that the
head
conductivity distribution with high accuracy. When the
SNR of added GWN is 10 and the target skull conductivity
is 1/155/m and 1/255/m, the RE between the target
and estimated skull conductivity is only 0.0077+0.0057 and
0.0053+0.0047, respectively.

proposed algorithm can reconstruct human

V. DISCUSSION

We have developed a new, noninvasive conductivity
imaging algorithm, RBF-MREIT algorithm. This new
algorithm uses only one component of the measured
magnetic flux density to reconstruct the 3-D subject
conductivity distribution. Therefore it provides one
solution for the rotating problem in MREIT.

Piece-wise homogeneous head models are widely used
in the EEG forward and inverse problems [11] and the
accurate determination of the conductivity values is of
importance. We have demonstrated by numerical
simulations that the proposed algorithm can estimate the
conductivity values of the piece-wise homogeneous head
model with high accuracy. The present promising results
suggest that MREIT may provide an excellent means of
determining the conductivity values for the piece-wise

homogeneous head models.

Table 2 Estimation results when the skull conductivity is

1/15s/m.
SNR of added Estimated RE

GWN conductivity

Infinite 1/(15.0013+0.0000)  0.0001+0.0000
80 1/(15.0013+0.0000)  0.0001+0.0000
60 1/(15.0016+0.0004)  0.0001+0.0000
40 1/(15.0001+0.0049)  0.0002+0.0002
20 1/(15.0078+0.0441)  0.0024+0.0018
15 1/(15.0121+0.0870)  0.0046+0.0035
10 1/(15.0353+0.1400)  0.0077+0.0057
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Table 3 Estimation results when the skull conductivity is

1/25 s/m.
SNR of added Estimated RE

GWN conductivity
Infinite 1/(25.0043+0.0000)  0.0002+0.0000
80 1/(25.0079+0.0000)  0.0003%0.0000
60 1/(25.0077+0.0005)  0.0003+0.0000
40 1/(25.0206+0.0047)  0.0008+0.0002
20 1/(25.00994+0.0519)  0.0017+0.0012
15 1/(25.0495+0.1273)  0.0044+0.0031
10 1/(24.9742+0.1757)  0.0053%0.0047
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