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Abstract— Biomedical magnetic induction tomography (MIT)
aims to reconstruct the passive electrical properties within
biological tissues, especially the electrical conductivity. A weak
perturbation inside a conducting object is put in the improved
MIT coil system which uses the two-arm Archimedean spiral coil
as the excitation coil and the circular coil as the receiver coil. The
forward problem for this model is calculated by three-dimension
electromagnetic simulation experiments. Under the different
simulation conditions, the phase shift of voltage induced in the
receiver coil is compared with that for the common model using
the circular coil as the excitation and receiver coil. The results
show that the sensitivity to the improved model is much higher
than that to the common model except for the case that the
perturbation appears in y-axis, which effectively confirms the
previous conclusions and indicates that the improved coil system
has the potential advantage for MIT image reconstruction.

I. INTRODUCTION

Biological tissues have three important electromagnetic
parameters called the passive electrical property (PEP) which
could reflect their physiological states, namely the dielectric
permittivity, the magnetic permeability and the electrical
conductivity. Changes of the PEP in biological tissues are the
natural concomitants of many pathological processes. For
instance, for the patients who are suffering from the brain
edema or the hemorrhagic cerebral stroke, the values of
electrical conductivity of the lesion are often larger than those
of the surrounding normal tissues [1, 2].

Biomedical magnetic induction tomography (MIT) is an
emerging kind of functional and dynamic imaging modality
aiming at mapping the internal electrical conductivity of
biological tissues. It is an attractive technique due to its
non-invasive and contactless feature [3, 4]. The imaging could
be realized by rotating a pair of excitation and receiver coils
around the object under investigation to measure a set of
signals (e.g., voltages) induced in the receiver coil and then
applying several reconstructed algorithms to map the
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electrical conductivity distribution of the object from the
received data. In MIT the coil system plays a vital role,
because the reconstructed image quality is greatly influenced
by its sensitivity [5—8]. In order to improve the coil system
sensitivity, the two-arm Archimedean spiral coil (TAASC) is
introduced into MIT as the excitation coil [9]. The TAASC is
constructed with two Archimedean planar spirals which are
connected in the opposite direction. This anti-symmetric
configuration helps to counteract the primary excitation
magnetic fields emitted by itself [9-11]. Fig. 1 shows the
TAASCs with different numbers of turns.
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Figure 1. TAASCs with different numbers of turns (n = 1, 5, 10).

The performance for the improved MIT coil system with a
conducting perturbation in the empty space has been studied,
and shows that it is better in sensitivity than that for the
common coil system which uses the circular coil as the
excitation and receiver coil [9]. In this paper, the weak
perturbation in the conducting background is considered. The
forward problems for the improved and common coil systems
are calculated by three-dimension electromagnetic simulation
software CST EM STUDIO (CST AG). The phase shifts of
received voltage for the improved and common coil systems
are simulated when the position, size and -electrical
conductivity of the perturbation are changed.

II. METHODS

A. Forward Problem in MIT

Solving the MIT forward problem is a precondition for the
image reconstruction. Actually, the forward problem in MIT
is an eddy-current problem, which follows the time-harmonic
Maxwell equations in frequency domain:
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where E and B are the electric field intensity and magnetic
induction intensity respectively, J; and @ are the electric
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current density and angular frequency of the excitation source
respectively, &, u, o and p are the dielectric permittivity, the
magnetic permeability, the electrical conductivity and the
electric charge density respectively, and j is the imaginary
unit.

The displacement current could be neglected in the
condition of low frequency due to its small magnitude in
comparison with that of the conduction current. When the
excitation frequency is up to 10 MHz, however, the
displacement current is significant and non-ignorable [12].

The finite element method [12, 13] or the finite difference
method [14, 15] could be used to solve the forward problem in
MIT. After obtaining E, the voltage V induced in the receiver
coil could be evaluated by:

V=§Edl )

where dl is the vector length element of the receiver coil.

Changes Ao of the electrical conductivity in the region of
interest would lead to a perturbation A¢g in phase of the signal
induced in the receiver coil. This makes an approximately
linear relationship as below [3]:

A¢ x wAo 3)

In this paper, the forward problem in MIT is solved by
three-dimension electromagnetic simulation software CST
EM STUDIO. The computation is in frequency domain and
the fullwave solver equation is used.

B. Simulation Model

The sketch map for the improved coil system is shown in
Fig. 2. The excitation coil is a TAASC and the receiver coil is
a circular coil, and they are placed coaxially. The conducting
object which contains the electrical conductivity perturbation
could be put in the space between the two coils.

excitation coil

conducting object

perturbation
receiver coil

Figure 2. Sketch map for improved coil system.

For the sake of simplification, the conducting object
model is treated as a cylinder and the perturbation model is
treated as a small sphere. The wire diameters for the excitation
coil and the receiver coil are ignored. Fig. 3 describes the
simulation model of electromagnetic calculation. The
magnitude and frequency of the sinusoidal excitation current
are I and f, respectively. The receiver coil is a circular coil and
its radius is #,. When the excitation coil is a TAASC, its
maximum outer radius and number of turns are 7, and 2 x n,
respectively. When the excitation coil is the circular coil, its
radius is 7y as well. The spherical perturbation is positioned at

(x, v, z), with the radius of ». The electrical conductivities of
the conducting object and perturbation are oy and o,
respectively. The values of simulated parameters are listed in
Table 1.

conducting object

TABLE L. VALUES OF SIMULATED PARAMETERS
Parameters I f n 70
Values 1A 10 MHz 1 50 mm
Parameters r R h d
Values 5 mm 60 mm 120 mm 220 mm
Parameters o o) - -
Values 1 S/m 2 S/m - -
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Figure 3. Simulation model for electromagnetic calculation.

III. RESULTS

A. Coil System Sensitivity versus Position of Perturbation

The phase shifts of voltage induced in the receiver coil
versus the positions of perturbation for the improved and
common coil systems are shown respectively in Fig. 4. The
perturbation is limited to move on the coordinate axis. The
variation ranges for x, y, z are all 40 mm to 40 mm. The phase
shift is expressed as Ag.
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Figure 4. Phase shifts of the received voltage versus x, y and z position of
the perturbation for the improved and common coil systems.

B. Coil System Sensitivity versus Size of Perturbation

Fig. 5 shows the phase shifts of voltage induced in the
receiver coil versus the sizes of perturbation for the improved
and common coil systems, respectively. Three kinds of
spherical perturbation with different radius are chosen,
namely » =5 mm, 10 mm and 15mm. The volumes of the
perturbation are approximately 0.5 ml, 4 ml and 14 ml
accordingly. The perturbation is positioned at the point (x = 0,
v =0, z=0) and the point (x =30 mm, y = 30 mm, z =30 mm)
which is treated as an arbitrary point.
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Figure 5. Phase shifts of the received voltage versus sizes of the

perturbation for the improved and common coil systems when locations of
perturbation are (x =0,y =0, z=0) and (x =30 mm, y = 30 mm, z = 30 mm).

C. Coil System Sensitivity versus Electrical Conductivity of
Perturbation

Fig. 5 shows the phase shifts of voltage induced in the
receiver coil versus the electrical conductivities of
perturbation for the improved and common coil systems,
respectively. The locations of the small spherical perturbation
are at the points (x=0,y =0, z=230 mm), (x=£30 mm, y =0,
z=0), x=0,y=230mm, z=0), (x=0,y =0, z=0) in the
coordinate axis and the point (x = 30 mm, y = 30 mm, z = 30
mm). The electrical conductivity of perturbation changes from
1 S/mto5 S/m.
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Figure 6. Phase shifts of the received voltage versus electrical
conductivities of the perturbation for the improved and common coil systems
when the locations of perturbation are at (x =0,y =0, z=%30 mm), (x =0,
=1+30mm, z=0), (x=430mm, y=0,z=0), (x=0,y=0,z=0) and (x =30

mm, y = 30 mm, z =30 mm).

IV. DISCUSSIONS AND CONCLUSIONS

It could be seen from Fig. 4 that the sensitivity to the
improved coil system is much higher than that to the common
coil system in x and z directions, and the sensitivity for the
improved coil system is modified approximately two orders
compared with that for the common coil system. However, the
sensitivity in y direction to the improved coil system is
unsatisfactory. Theoretically, the response shape in y direction
for the improved coil system should be anti-symmetric to the
zero. Due to the calculation errors of software, this shape
simulated is slight deformation. In addition, the variation
trend for the simulated curves is mainly in agreement with the
previous studies which only take into account the conducting
perturbation in the empty space [9].

In Fig. 5 the phase shift of voltage induced in the receiver
coil would become large with the increasing of the
perturbation size. The sensitivity to the improved coil system
is a bit higher than that to the common coil system in the
position of original point, while dramatically at the point
chosen as an arbitrary point (x = 30 mm, y = 30 mm, z = 30
mm).

Fig. 6 further verifies the results of Fig. 4. It demonstrates
that the performance for the improved coil system is superior
to that for the common coil system in the x and z directions no
matter how the position and electrical conductivity of the
perturbation change. In the y direction the sensitivity versus
electrical conductivity for the improved is approximately one
magnitude lower than that for the common coil system. To the
arbitrary position which is not chosen in the coordinate axis,
the sensitivity for the improved coil system exceeds that for
the common coil system by more than an order of magnitude.
Fig. 6 also confirms the validity of (3), showing linearity
basically.

According to above results of simulation, the improved
MIT coil system could well improve the sensitivity in most
situations except for the case that conducting perturbation
appears in y-axis. Therefore, this new type of coil system has
the potential application for MIT. The study of this paper are
ideal and simplified. More accurate and practical calculation
experiments are needed to further research.
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