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Abstract. Because of the need for rapid detection and location of diseases in clinical applications, this work proposes a
composite measurement of magnetic induction tomography (MIT) and electrical impedance tomography (EIT). This paper is
composed of the following aspects: portable and integral hardware design, stable dual constant-current sources, the
composite detection method, cross-plane data acquirement, 3-dimensional image reconstruction and so on. A qualitative
evaluation of conductivity, resolution and relative position error were taken by combining the EIT and MIT methods via the
experiment model. The sensitivities of both methods were analyzed to improve the imaging results. The reconstruction results
reveal that the system is capable of obtaining better physiological measurements, which is very useful in clinical monitoring,
quick medical diagnosing and preliminary screening of community health.
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1. Introduction

Although traditional detection technology such as X-rays, CT scans, Magnetic Resonance Imaging
(MRI), Positron Emission Tomography (PET) and ultrasounds can accurately determine the critical
nature, range and degree of a disease, they are incapable of continuous imaging for monitoring and
rapid detection. Electrical impedance tomography (EIT) [1] and magnetic induction tomography (MIT)
[2] are based on the physical principle that different human tissue figures have different conductivities.
We could measurement the useful information of the body to extract the conductive properties of
internal information and reconstruct the image distribution of electrical parameters inside the body or
its change, providing useful information for medical diagnosis [3-6].
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Fig. 1. Composing of the imaging system.

MIT is a noninvasive and contactless medical functional imaging technique that is not affected by
the shield effect of the human skull. However, MIT has difficulty obtaining useful signals deep in the
brain, and the number of measuring is restricted by the relatively large coil. EIT is often used in
models of fixed size and fixed electrode locations, which are usually applied in a certain part of the
human body. Nevertheless, the fixed electrodes do not fit individual structural differences [7].

Combining MIT with EIT introduces a system that takes multi-frequency and dual-detection
terminals with a flexible imaging strategy at any time. By this means, we can conduct cross validation
based on multi characters, including the change electrical characteristics of human tissue (such as
cancer, brain glioma preliminary detection, etc.) and the dynamic monitoring of physiological
activities (such as breathing and heart beat).

2. Method and realization
2.1. System features

The imaging system is flexible and well combined. As shown in Figure 1, the sensor coils of MIT
are fixed as the front probe, and the excitation and detection electrodes of EIT are led out through
wires. When taking measurements, the magnetic signals are picked first to judge the position and state
of the illness, and then electrical signals are picked to get encryption measurement and imaging. This
well supports the follow-up algorithm and image reconstruction and overcomes the model error
produced by individual differences and the different medical treatments [8, 9].

2.2. Measurement example analysis

For the hemisphere detection model, the model of 8-16 sensors pick up the MIT signals in Figure
2(a). As the sensors' coils are relatively large compared to the imaging area, accuracy is insufficient
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Fig. 2. (a) MIT Projection Diagram and (b) EIT Measurement Position Diagram.
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Fig. 3. System configuration diagram.
for three-dimensional imaging. In order to increase sampling density, the EIT is introduced, as in

Figure 2(b).
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The measurement points are distributed in four different layers, and each layer has sixteen
electrodes, which are spaced equidistantly and annularly on the edge of the horizontal hemisphere. At
the vertical hemisphere, these electrodes are distributed on eight group tangent planes, which cross the
vertex of the hemisphere and intersect with the mentioned four different horizontal layers at right
angles. By such division, each tangent plane includes nine electrodes; the angle between the electrodes
is unequal, but they are axially symmetrical, which greatly increases the combination of independent
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measurement data and makes space imaging possible [10].
2.3. System implementation

In order to realize the detection needs of the two measurement methods, the system designed an
independent excitation source to generate the alternating primary magnetic field, as shown in Figure 3.
The sinusoidal current injected in the excitation coil is 20 mA at 10 MHz [11]. The source of the
sinusoidal signal is the highly stable and temperature-compensated crystal oscillator.

The MIT method uses phase-sensitive detection. To minimize the influence of the primary magnetic
field signal, an axial gradiometer is used as the sensor in our system. The axial gradiometer consists of
two detection coils and one shield coil. The shield coil is very important in rejecting capacitive
coupling, and the two detection coils are located on both sides of the shield coil. The outside detection
coil is the recalled signal coil, and the other detection coil is the recalled reference coil.

3. Simulation analysis of the composite measurement

The EIT numerical simulation study was carried out using COMSOL Multiphysics 4.1 for 3-D
model establishment and forward problem simulation. Voltage analysis, parameters evaluation and
image reconstruction took place in Matlab (Ver: 7.11.0).

3.1. Simulation model construction

As shown in Figure 4(a), this paper constructs a hemisphere with a radius of 10 cm. The
conductivity of the liquid in the hemisphere is 0.2 Sm™!. The other sphere has a hemisphere radius of 2
cm, and the conductivity of the sphere is 0.2 Sm™'. The sphere was placed in b0 (x=0 cm, y=2.5 cm),
bl(x=0 cm, y=5 cm), b2(x=0 cm, y=7.5 cm), c0(x=2.5 cm, y=2.5 cm), c1(x=5 cm, y=2.5 cm) and c2
(x=7.5 cm, y=2.5 cm), shown in Figure 4(b) to have simulation. For MIT measurement, a sinusoidal
current of 20 mA at 1 MHz flowed in the excitation coil and detection coil positioned on the model
surface. For EIT measurement, an excitation current of 5 mA at 100 KHz flowed in the electrode of
radius 2 cm and height 4 mm, which insert partly in the hemisphere.

3.2. Simulation data analysis

Reconstruction is performed using finite element grids, with horizontal sections including 10728
elements and 4787 nodes and vertical sections including 5461 elements and 2476 nodes.

Resolution is used to evaluate the concentration of the reconstructed image. When the value of the
finite element exceeds half of the maximum imaging range, this point is defined as the half-amplitude
value set. Resolution is defined as the root of the ratio of the half-amplitude value set to the sum of the
imaging range. As from the definition, a smaller resolution represents clearer imaging identification of
the reconstruction image. The resolution is calculated as a square root of the ratio between the area of
the HA set (4#4) and the domain area (4y), as in the following equation:

Res=./4,,/ 4, (1
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Fig. 4. (a) Diagram of the simulation model and (b) EIT Measurement Position Diagram.
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Fig. 5. Comparison of resolution simulation.

As in Figure 5, MIT has the lowest resolution when the measured object is near the center of the
model. As the measured object moves toward the edge, the secondary magnetic field gets stronger, and
the location of the object gets clearer. For EIT, we can see that the resolutions of the entire imaging
area are much more stable, because of better current penetration. While the measured object approach
the edge, the current field fluctuates due to boundary effects, which leads to imaging variations.

Position error can directly reflect the accuracy of the imaging result. The position of the measured
object in the imaging area is defined as the following relationship:

Pos = Zam D,/ ZO'm 2)

P 1s the position of the measured object in the finite element (x,,,y»), and o, is the conductivity of the
measured object.

Relative position error is defined as the ratio of the position center of the reconstructed image to the
position center of the foreign body. A smaller position error indicates that the foreign body position of
the reconstructed image is close to the actual position center of the foreign body.

The characteristics of the two imaging methods can be seen from Figure 6. The detection coils are
on the object surface for the MIT method, so the locating effect is better when the conductivity
disturbance is located near the object surface, such as the position of b2 and c¢2. For the EIT method,
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Fig. 6. Comparison of position error simulation.

Fig. 7. (a) Schematic of Physics Experiments and (b) Plane Projection of MIT.

high current density corresponds to high system sensitivity in the middle of the current field, so the
object position is located more accurately. As the distribution of current changes near the edge, the
position error gets larger.

4. Physical experiment analysis

To obtain the actual image, we built a hemispherical agar model, which chooses agar with a
conductivity of 0.1 S/m as the background material in Figure 7(a). In order to achieve accurate
measurements, 65 basic measurement points mentioned above were marked on the model surface, and
the 16 basic measurement points were used for the measurement of MIT. In the middle of the second
layer and the third layer (see Figure 2(b)), a spherical agar block with a radius of 2.5 cm and a volume
of 65 mm® was placed to simulate anomalous human tissue, and the conductivity of this agar block
was 0.6 S/m.

The imaging result of the plane projection of MIT is shown in Figure 7(b). This method provides
roughly the position of the foreign body, but cannot accurately estimate the size and volume of foreign
body, and also cannot recognize it in space. After EIT measurements were applied, it offers more
useful information. The extracted results of different conductivity from the surface are shown in
Figure 8, and these results consist of the measured results of the horizontal section and the measured
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results of the vertical section.

The reconstructed images of the sections located in x=-3, -4, -5 and z=3, 4, 5 are shown in Figure 8.
In the reconstructed images, the foreign body is not a regular sphere. The images located on the x
section seem to have a trend toward two sides. The size of the foreign body in the images located on
the z section is smaller than the actual foreign body. The reconstructed results of the foreign body in
different sections are all close to the surface of the hemisphere, but there is poor sensitivity near the
center of hemisphere. So in actuality, the algorithm should be analyzed and improved according to the
characteristics of the measured object.

Figure 9 shows the three-dimensional and reconstructed images after the interpolation algorithm
dealt with the multi-group data of sections. Different colors are used to distinguish the curved surface
of different conductivities. The conductivity from one curved surface relates to the difference between
background and foreign body and the system error, so it should be a number in 0.5~0.6. From the
images, we can conclude that the achieved information is limited, and the reconstructed images feature
few anomalies [12]. However, compared with the MIT method, the EIT method improves the
reconstructed results, locates the foreign body more accurately, reconstructs the three-dimensional
images and can provide much useful information, such as the depth and volume of the foreign body. It
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Fig. 8. Sectional results of electrical impedance imaging.
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Fig. 9. The results of 3D reconstruction of the electrical impedance imaging system.
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produces improved reconstructed results with better positions. Through the suitable conductivity from
one curved surface, the size of the foreign body can generally be estimated.

5. Conclusion

In this paper, the composite system and measurement strategy were introduced. From the above
experiments, we could conclude that EIT and MIT complement each other in measurement. On one
hand, the MIT method achieves rapid measurement and accurately locates foreign bodies in
measurement. On the other hand, the EIT method gets more useful information and improves the
effect of reconstructed images. This system showed efficiency and high accuracy, which complements
both the detections of edge and deep sections, greatly satisfies the clinical requirements.
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