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Design of Multi-channel Brain Magnetic Stimulator and ANSYS Simulation
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Abstract—A multi-channel magnetic stimulation system
which can simultaneously stimulate different regions of the
brain was developed. The distribution of magnetic field was
calculated using the finite-element analysis software-ANSYS
and compared to real measurement. The error was less than
6%. The results demonstrated that with increased number of
stimulation coils the intensity of magnetic field at the same
location increased and the stimulation depth was significantly
improved. This study indicates that a multi-channel magnetic
stimulator may stimulate the brain more efficiently than the
conventional stimulator such as a single-channel stimulator.
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I. INTRODUCTION

MAGNETIC stimulation is used increasing as
noninvasive tools for the diagnosis, therapeutic treatment,
and clinical investigation of brain functions [1]-[5].
Magnetic field is generated using a coil, through which a
pulse or time varying current is injected. In general, the
magnetic stimulation coil is a circular coil or a figure-of-
eight shaped coil. These conventional stimulation coils are
easy to design and to use in practical applications. However,
their disadvantages are also obvious. It is difficult to focus
magnetic field to the desired location. To stimulate different
region, magnetic stimulation coil has to be moved manually.
Moreover, it cannot implement simultaneous stimulation of
different location, which may be required in some clinical
applications. Therefore, multi-channel magnetic stimulation
was proposed [6], [7]. A magnetic brain stimulator using
multiple coils may improve the focusing of magnetic field
and can be used to stimulate the desired locations
simultaneously.

In this paper, a 119-channel brain magnetic stimulator
was proposed. The distribution of magnetic field in the
spherical brain was calculated and compared to the real
measurement.

II. THEORY AND METHODS

A. Design of the Multi-channel Magnetic Stimulator

The stimulating part of the magnetic stimulator is
composed of 119 coils. Each coil has the diameter of 20mm
and the length of 20mm. The coils are supported by springs
which are placed on the inner side of a spherical cap. The
cap is positioned on a bracket which height can be adjusted.
The coils’ distribution is according to the regions of brain
that is to be stimulated. In Fig.1(a), the distribution of
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Fig.1 Placement of the coils

coils is shown and Fig.l(b) is the real
correspondingly .

Each coil is connected to an independent driving circuit,
so all the coils can be controlled independently. The
schematic of the circuit is shown in Fig.2. C2 is the charge
and discharge capacitor. C1. D1 and D2 constitute the
voltage doubling rectifying part, which supplies DC to C2.
The silicon controlled rectifier (SCR) acts as switching
devices to control the working state of C2.
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Fig.2 Schematic diagram of driving circuit
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The SCR is connected to the I/O port of computer through
a photocoupler, and it is controlled by the signal output from
the I/0 port. When the SCR is ON, the electric energy stored
in C2 will be transferred to the magnetic energy in the coil
between A and B. When the current in the coil reaches zero,
SCR will become OFF.

A DIO-144 card is used to expand the I/O port of
computer. It is programmed by VC++, and the resolution of
the timing control is 7ms. The stimulation mode can be
programmed before experiment, after then, the magnetic
stimulation will proceed automatically.

B. Magnetic Field Simulation Using ANSYS
Each coil is a solenoid actually, which can be thought as
an integration of N turns of one-layer circle coils. The

magnetic field B induced by the solenoid at the point 7 is
given by
B=N- & . w (1)
4 r
where [ is the current in the coil, and N is the turns of the
coil.

In order to calculate the magnetic field of the multi-
channel magnetic stimulator, a coil array of five coils has
been modeled by using the finite-element analysis software
ANSYS, version 7.0. These coils are positioned on a sphere
surface. The sphere has the radius of 80mm. Each coil is 320
turns and has the diameter of 20mm. The placement of coils
is shown in Fig.3. Coil 1 is placed at the center of the array,
so we call it “central coil” here.

C. Testing Magnetic Field by Director Coil

Magnetic field can be tested by a small director coil.
When putting a director coil in the magnetic field,
electromotive force will be induced in the coil because the
magnetic flux crossing through the coil has altered. An
oscillograph is used to measure the induced electromotive
force of the director coil. The relation between magnetic
induction intensity and induced electromotive can be written
as

B=—"_ Q)

Coil 1 (Central Coil)
Coil 3

Fig.3 Placement of the coils
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Where B is the magnetic induction intensity, £ is the
induced electromotive force, 7 is the turns of the director
coil, s is the coil’s cross-sectional area, and @ is the
angular frequency of the alternating current.

III. RESULTS

The values of magnetic induction intensity-B in four
cases have been simulated by using ANSYS: only coil 1
working, coil 1, 2 working, coil 1, 2, 3 working, and coil 1,
2, 3, 4, 5 working simultaneously. The positions of the coils
are shown in Fig.3. The four cases can be described as
“m=1", “m=2", “m=3" and “m=5", where m represents the
total amount of stimulation coils.

Each coil has the same driving current, and we only
analyze the value of B when the current in the working coils
reaches the maximum. The maximum current is 49.5 A in
the real measurement. In the following text, we will discuss
the value of B at some points on the central coil axis. The
marker of the points is shown in Fig.4. Point A is the center
point of the central coil, C is the endpoint of the central coil
and B is the center point of the sphere. ANSYS meshes the
sphere with a step of 2mm along the radius. So, we get 41
points on the axis of central coil from peint C to B.

According to the calculation results of the ANSYS, we
get the values of B at each point which shown in Fig.5,
where B;. B;. B; and Bsrepresent the values of B in four
cases of m=1, 2, 3 and 5 respectively.

There are four curves in Fig.5. The value of B decreases
with the distance away from the coil’s center increasing. We
can see that value of Bhas fallen to 0.1T when the distance
is 10mm away from the coil’s endpoint.

We can compare the value of B at the same point in
different cases. At the points which are very close to the
coil’s endpoint, By is the largest, Bs is the least. The relation
of these cases is given by

B,>B,>B;>Bs (3)

But for the points which are more than 6mm far away
from the endpoint, the tendency of the four cases becomes
different, and the relation of B values at the same points is

Bs>B:>B;>B, @

We also show the values of Bs/B;+ Bi/B;~ B./B; at these
41 points in Fig.6. The vertical-axis represents relative ratio
and the horizontal-axis represents the distance along
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Fig.4 Marker at the coil axis
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Fig.6 Relative ratio of B among multi-coil stimulation and
single coil stimulation

coil axis. The point where x=6mm is the transition point of
these curves. After it, the relative ratios are greater than 1,
and hold rising. It shows that, when the points are very close
to the coil’s endpoint, increasing the number of the
stimulation coils will result in decreasing the value of B.
The reason is that counteracting effect of the magnetic
induction intensity created by coils is greater than promoting
effect at these points. The value of B will grow by
increasing the number of stimulation coils after the
transition point, which is varied by changing the relative
position of the coils.

In order to discuss how deep the stimulator can
stimulating, we also compared the different distance-x
corresponding to the same B in four cases in Table I. The
comparison shows that the depth of magnetic stimulation is
improved by increasing the number of working coils.
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Fig.7 Experiment results of B on the central coil axis

TABLE I
Distance at the Central Coil Axis According to the Same B
B(T) X (mm)
m=1 m=2 m=3 m=35
0.024233 16-18 20-22 22-24 30
0.014593 20-22 26-28 30-32 40
0.009207 26-28 32-34 38-40 50
0.006086 30-32 40-42 48-50 60
0.004196 36-38 48-50 56-58 70
0.002998 42-44 54-56 64-66 80

A small director coil is used to test the magnetic induction
intensity at the points on the central coil axis. The results are
shown in Fig.7, where B;’, B;’, B;'and Bs’ represent the
four cases of m=1, 2, 3 and 5 respectively. The curves in
Fig.7 have the same tendency as the ones in Fig.6. The
calculation results show that the error between simulation
and experiment is less than 6%. So, the magnetic field
calculated by ANSYS is reliable, and the simulation results
can replace the real magnetic field to be analyzed.

IV. CONCLUSION

A 119-channel brain magnetic stimulator was developed.
The device can be conveniently used for precise deep brain
stimulation and simultaneous stimulation of multiple
locations. The distribution of magnetic field with a coil
array of five coils was calculated and compared to the real
measurements. The simulation results were consistent with
the real measurements, with an error less than 6%. The
results showed that with increased number of stimulation
coils, the value of B at the same points on the central coil
axis can be enhanced and the depth of magnetic stimulation
can be increased.

This study indicates that a multi-channel magnetic
stimulator may be used to stimulate the brain more
efficiently than the conventional stimulator.
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