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Abstract: Basically, Electrical impedance tomography is a new technique in monitoring and imaging cross
sectional images and physical state of objects by measuring the internal impedance distribution. This paper
presents the design of a microscopic electrical impedance tomography system, which is a non-destructive approach
that has the capability to interpret and analyze the internal impedance distribution of a medium (the system) and
reconstruct its image as a tomogram, where any object inside the system can be shown in a 2D (two-dimension)
image. A current source circuit was constructed and studied by injecting 5 mA of current to an array of electrodes
(3*3 array). Moreover, the conditional measurement circuit is going to receive voltage from measurement
electrodes array of 8*16 in each plane. The data was obtained from both planes as a matrix of 8*16 electrodes
using multiplexers which was transferred serially to the PC to be analyzed and to reconstruct the image/tomogram.
The image reconstruction process and algorithms were engaged in the calculation to reconstruct the image based
on the voltage collected. Finally, interpolation is conducted to improve the quality and increase the resolution of

the image.
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1.0 Introduction

With the rapid development and the revolution of
technologies in science, materials and biotechnologies in
the last decade. Electrical Impedance tomography (EIT)
is seen to be playing a big role to improve and establish a
modern approach of supervision and imagining
physiological state of materials that depends on internal
impedance distribution. The impedance of a conducting
domain may include physical objects, tissue samples or
human bodies. Currents are injected directly into the
domain that resulting a current-voltage boundary [1].
Thus, the data acquisition is conducted sequentially with
time and the data sets are measured to determine the
values of transfer impedance, from which the internal
impedance distribution is reconstructed as a cross-
sectional image. Electrical characteristic imagining of
diverse materials have been investigated for a few years
in order to reconstruct or form the image of impedance

changes. The EIT is able to visualize the internal
distribution of a conducting domain. Microscopic
impedance imaging methods using conventional EIT
techniques have been established in order to investigate
the evolution and growing of cells during cultivation [13-
16].

IET refers to the process of injecting current/voltage
to a system and measuring the voltage/current in order to
reconstruct a cross sectional image of an object [1]. EIT
is one of the most important methods for imaging the
distribution of electrical conductivity of an object. EIT
has been effectively used in several applications since the
1960s. For instance, resistive components of the internal
impedance is considered and estimated where this
approach is called Electrical Resistance Tomography
(ERT) which is applicable in geological applications [4].
However, when a reactive component of impedance is
estimated, the approach is known as Electrical
Capacitance Tomography (ECT).
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Generally, the electrodes are used as connectors to
measure voltages. The voltage measurement will be
collected from receiving electrodes, where all the data is
converted to the distribution of conductivity of an object,
which is used to create a tomographic image by solving a
regularized inverse model [2]. The advantage of this
imaging system technique compared to the traditional
imaging methods (PET, CT, MRI and ect.) is that it is
non-invasive and non-distractive.

According to previous research, EIT has the potential
to replace the conventional medical imaging techniques.
Commonly, there are a few approaches of imaging
techniques such as the following:

1.  Computed Tomography (CT)
Mammography

Magnetic Resonance Imaging (MRI)
Positron Emission tomography (PET)
Ultrasound and Thermal imaging

Nk v

Typical hardware of an EIT microscopic system
has three major parts, which are EIT electrodes, electrical
instruments, and a PC with reconstruction algorithm
software. Electrodes are used to transmit the current
inside the phantom / system from one to another. They
also collect the observable signals that will be transferred
to a measurement device. Electrical instruments are
devices that are used to transmit and receive the
measurement from the electrodes. Therefore, a current
source circuit has been designed and built to transmit
current through the electrodes. At the same time, a
receiver circuit is designed to collect the voltage
measurement and then the data is transferred serially to
the PC for analysis and image reconstruction. Finally, the
received analogue signals will be converted to digital via
data conversion (ADC) to measure the boundary voltage
potential. This basic block diagram as shown in Fig. 1.

Current hizction
Eslatmdes
Aray 373

Fig. 1 System block digram

2.0 Methodology

Comsol software is the virtual environment to build
and investigate a system in order to compare the result
with hardware outputs. Comsol design has been
constructed to meet the specifications and fulfil the
objectives of a system. Therefore, the design in Fig. 2.0
shows the two arrays of electrodes imaging planes to
measure the voltage potential. At the other side is the
current injection source array. Fig. 2.0 illustrates the full
system, which has been implemented in Comsol software
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design. Currents will be injected from current source
array (source plane) to the sink plane tangentially with
imagining planes. At the same time, the imaging planes
will measure the voltage potential between both planes.
This can be changed proportionally whenever the
impedance of the system is changed. The sensor
configuration of the sensor is shown in Fig. 2.

Image plane (2)
16X8) Veltage sensing
electrodes

Fig. 2: System structure and design
2.1 Sensor Current Injection

In EIT, the current source is the essential part of EIT
Microscopic. Many studies have been carried out using
multiple constant current sources and alternative current
sources to be excited through the electrodes [6]. In order
to reconstruct the cross-sectional images, the measuring
boundary voltage data is collected, processed and
analyzed to obtain the image of the conductivity
distribution. One of the limitations faced previously is
the current source performance of the EIT system, where
this factor determines the accuracy of the measurement.
When several current sources are applied, calibration is
very important to make the sum of all currents is always
at zero. In this paper, we propose using multiple current
sources to maximize the accuracy of the system and fast
multi-channel voltmeters have been suggested in order to
reduce the time of data acquisition. Usually, the current
source consists of a voltage-to-current converter.

Therefore, we describe the design and implementation
of the current source using LT3092 instrumentation
amplifier. There are few approaches of injecting current
used in previous designs such MarK1 Micro-EIT system
and MarK2 [4-6]. One approach has been carried out in
this project as shown in Fig. 4 which has the following
features:

1. Injecting current from lower electrodes to upper
current as positive terminal and lower current
electrodes row at the other side as ground.

2. Injecting current from medium current electrodes
(electrode number 5) as positive terminal and lower
current electrodes at the other side as ground.
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Fig. 4 (a) Current electrodes Dimensions in mm, (b)
Hardware design structure , (c) 9 electrodes current
injection , (d) lower row Current injection

Differential equations that governs the current flows
in the medium is the Poisson’s Equation (1),

Volg-V =1 (D

Where U is voltage, / is current and o is the resistivity. It
relates the dependency between conductivity distribution
and the boundary voltages where the voltage is produced
by injecting current across the object is governed by
equation (2),

V-(o+wms)Vp=10 2)

The sample o is the electric impedance of the
surrounding medium, ¢ is the electric potential, @ is the
Frequency, and ¢ is the electric permittivity. Equation (1)
is reduced to the standard. For injecting low frequency
or direct current to the EIT system consequently, =0 [9].

3.0 Data Acquisition of voltage Measurement

There are four methods for voltage measurement,
which are opposite approach, Trigonometric method,
adjacent and cross method that has been applied in
tomography and tangential approach. The tangential
approach measurement has been used in this project to
measure the voltage between the two planes. The project
basic concept is to apply current through the current
source to the electrodes inside the container and measure
the voltage using differential voltmeters. The idea behind
the differential voltage measurement is to measure the
voltage between pairs of electrodes. Therefore, a
voltmeter can be multiplexed to the PIC in order to
measure continuously all the electrodes. The hardware
implementation is a little complex. Thus, one of the
project objectives is to minimize the complexity of the

hardware. The number of electrodes is an array consisting
16 columns and 8 rows of microscopic EIT system
electrodes designed as shown in Fig. 5 using Altium
circuit design software and fabricated as PCB.
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Fig. 5 Array of Receiving Electrodes in mm

The data transmission process collects data
through a serial port communication between the
controller and the PC. Here, MATLAB is used to
interface with the microcontroller in order to arrange the
measured value into a matrix form more easily.

4.0 Sensitivity map and Generation

algorithm

There are three algorithms that could be applied in
order to obtain the sensitivity map named as the
following: Finite Element Method (FEM), Tikhonov
regularization algorithm, Algorithms of Forward and
inverse problems and the expectation maximization (EM)
algorithm. These algorithms have been applied in
tomography. Data has been obtained from the probes in
both sides of the container (256 receivers) where the
voltage potential between both sides is measured and the
difference is calculated and normalized using equation
(3). The percentage of average reading of the object is
calculated as:

. Caliberated data — measurement data
= ]

caliberated data

5.0 Result And Discussion

Data has been acquired from a Comsol design using
boundary probes of a total number of 256 (128 for each
plane) in order to obtain the precise voltage measurement.
Laterally, the global variable definition has been created
to get the voltage potential (average) between both
planes. The data has been acquired and recorded to be
sampled and analysed. The method that has been
followed in this project is getting data from plane (1) and
plane (2) which acts as reference points where the data is
to be arranged as a matrix from both planes and sampled
as showed in the data in Tables 1, 2, and 3.
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Table 1: Calibrated Da%t;% (No Object)

04058 0065514 076429 0657066 05956 0 03472 Q519077 020015 08988
L0504 0512758 0784712 DSTSITL 0568775 S2FSS5 9 007219 Q558977 036147 0.7066 05T LIS,
L0660 0935552 OS0067E DSEHI DSOLLEE OSTI2 051853 Q570533 0549558 07556 0850405 LOSHIGY
07554 (0879 0010669 DESILT 060949 DSHTS34 OSI8 0573123 Q560875 0765364 0303603 LOG3GPS L
L0618 DMS06 OS1AE7 0SB OS1SH8 0SL 051 0SS5 033006 03E5H55 57146 006D 091383 LA A5
108608 0351501 0.821907 073666 020785 055635 OIS DSO5884 0534534 033014 0670485 0776384 0916377 LOBLT L5
L0928 0954527 OB 0776 U2EISE USSTULA OSIEISE 006787 0535058 091118 0572483 QTELL5 QSIS 10848

L0353 0357123 083673 00730 0.6205% DSS6039 DSISHS9 0499836 MSOSUB L534761 0563973 C.67863 078057 O.90867, L0g

Table 2: Measured Data (with object)

OSSTH O7I59 06678 QABRESS DAGRSRA (506530 0365500 054048 0733067 366043 L00M8G6:
DSB8 0754 0365759 DARae 7 0485901 DSIE0TT 0384513 06672 076078 04108 055174
087621 071504 05104 04T O4ER 9 (4596 030079 0S8 0AS6 O.7E737 78161 0135 10
Q874871 0T 057543 OAGGant DAGTIE DATIGHN 0510755 0556407 DGL30S4 DASERI5 0765302 0908067 1088850
Q574004 0TIBY 0788 0478306 DSITE 0558 052192 0TS DAISASS 957778
LS9 0TI 057456 Q478365 DSISEIE 055574 065 OUGGED DAI0SSH 90850
QATISOL DSITET) 055529 024 OMACIB DALISED OS4TE0 11090
QAT 0I5 0363381 0SS0 QUG AL Q8597 L4151

4.1 Data Interpolation

Interpolation is a mathematical and statistical
approach to estimate and construct new data between two
known data values in sequence of values. During the
measurement process that has been discussed before, we
have found that some data has been taken with low
accuracy and it is not easy to obtain. This implies that it is
affected by an unknown contact impedance. Therefore,
interpolation method is used to predict the missing values
and to increase the resolution of the image. There are a
few types of interpolation, which are cubic, cosine, linear
and nearest, where the quality of the methods starts from
the best to the worst. Fig. 6 (a), shows the object position
and Fig. 6 (b) is the Tomogram without Interpolation.
After the tomogram image visualization is being
interpolated, the image is clearer and can be easily
recognized as shown in the Fig. 7.

Fig. 6 Tomogram without Interpolation
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Fig. 7 Tomogram image with Interpolation

One example is provided to show the importance of
interpolation as shown Fig. 8. By comparing both results
in Fig. 8 (a) and Fig. 8 (b), the shape of the object can be
clearly recognized. Fig. 8.0(a) is the sample system in 3D
while Fig. 8 (b) is the side view of the system to show the
position of the object. Interpolation result in Fig. 8 (d) is
the visualization with interpolation, which has the clearer
image of the sphere object in high intensity of impedance.

(a) (b)

Sphare Visualization HSV-Colommap
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() (d)
Fig. 8 Sphere object Visualization

When we put a sphere object of an acrylic plastic, the
image (Tomogram) where the sensor loose error applied
to get full and precise image shows the internal
impedance distribution.
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Fig. 9 Cylindrical Shape Visualization

Impedance, which illustrates the sensor loose error in
this area, is high and the resistivity of the current flow
increased based on the object that acted as resistance
inside the container. Both images have been obtained by
the same color map and interpolation. We have
investigated two shapes with different sizes to prove the
ability of the system:

1. A sphere shape which has a radius of 7 mm, placed
near to the injecting corner as shown in Fig. 8 (b),
position near to the corner in Fig. 8 (a) from different
views in 3D, and the image tomogram in Fig. 8.0(d).

2. A cylindrical shape has been designed and tested to be
included in this investigation, to fulfill the objectives
of the project. The cylindrical size is 3mm radius,
with 10mm height. Fig. 9 (a) with a 3D view shows
the dimensions of the cylindrical shape. The image in
Fig. 9 (d) shows the shape, size and position of the
object after image reconstruction.

6.0 Conclusion

Referring to the experiment, the measurement
voltages of each electrode have been collected and tabled
as matrixes for each plane. The data have been transferred
into tomograms. Tables 3 shows the value of voltage of a
potential difference between the planes (plane 1 and plane
2) of the Comsol simulation and hardware. The data is
then further processed by a set of MATLAB image
reconstruction algorithm to visualise the internal
impedance and conductivity. Based on images in Fig. 7, it
can be easily observed that each of the tomogram for
different shapes has the same characteristics as the
original shape. Colours of the object has been put
between two planes and measuring the voltage potential.

For example, red colour in the image implies the high
impedance of the object position. Thus, it indicates that
different position of object can be recognized and
detected by using this approach. The colour intensity of a
tomogram represents the conductivity distribution of the
object. It is scaled from dark red to dark blue. Dark red
means high resistivity, while dark blue indicates low
resistivity. From the experiment, the system has been
tested. With different colour intensity, we are able to
inspect and recognise the shape, size of the object.
Finally, the sensitivity of the tomogram may be also
affected by the complexity of the system, due to number
of electrodes. It would indirectly lead to poor
connectivity and hence influence the final result which
leads to low resolution of the image. The final
reconstructed image will be subjected to noise.
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