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Abstract
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Electrical resistance tomography (ERT) is an effective method for monitoring electrical
conductivity distribution in the field using boundary measurement information. In applications
with a large pipe diameter and large load variation, voltage-driven ERT (ERTvV) can overcome
the limitations of current-driven ERT (ERTc). A voltage source is used in ERTv to apply an
excitation signal to the electrode, and can provide a large output signal. Meanwhile, saturation
will not occur when the load of the field shows large fluctuations. However, the main
disadvantage of an ERTv system is that the parasitic resistance in the system has an influence
on the measurement results which cannot be ignored. The existence of parasitic resistance

can cause measurement errors and reduce the reliability of ERTv systems. In this paper,

the influence of parasitic resistance was evaluated and the trend of variation of this effect

with different background conductivities was studied. The index k, was defined to find the
relationship between parasitic resistance and background conductivity. When k, < 3 x 1072,
the reconstructed image can better reflect the actual conductivity distribution. At the same
time, the applicable background conductivity range of the system can be acquired according to
k,, when the value of parasitic resistance in the system is known in advance.

Keywords: electrical resistance tomography, voltage excitation, conductivity distribution,

parasitic resistance, reconstructed image
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1. Introduction

Electrical resistance tomography (ERT) is an effective tool for
online visualization of aqueous-based multi-phase flows. It
has the advantages of being non-radioactive and non-intrusive
with a rapid response and is economical for extended use.
ERT can be applied in a variety of industrial processes [1-4].

Generally, an ERT system employs a current source and
strategy for trans-impedance measurement, denoted as cur-
rent-driven ERT (ERTc) [5-7]. ERTc can be implemented
with different exciting modes, including the neighboring
method, cross method and opposite method [8—10]. ERTc
systems are immune to parasitic resistance [11], namely

1361-6501/20/055901+14$33.00

contact impedance between the electrodes and liquid, the
ON-resistance of analog switches and the resistance of the
wire. However, the performance of an ERTc system is greatly
affected by the quality of current source [12]. It is usually dif-
ficult to implement an ideal current source, i.e. one that can
maintain a steady current output for a fast-changing load [13].
Secondly, ERTc measurements are very likely to be saturated
when performed in a low-conductivity fluid. Thirdly, the
small-sized electrodes that are widely adopted in ERTc sen-
sors can cause significant fringe effects and image distortion
[14, 15].

In order to improve the limitations of ERT, Jia et al pro-
posed an ERT system using a voltage source [16]. In this
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system, the maximum current output could be nearly four
times greater than with an ERTc system, but the saturation
phenomenon remained. Frias and Yang then proposed the
voltage-driven ERT (ERTv) system that utilizes a voltage
source and current-sensing circuit to achieve impedance meas-
urement [17]. In this system, an AC voltage signal is applied
to one electrode and the currents flowing out of the other elec-
trodes are measured—this was actually developed from the
AC-based electrical capacitance tomography (ECT) system.
Yang and colleagues then compared the ERTv system with
the ECT system [18]. In this research, the ERTv system was
good for measuring a high-moisture gas—solid flow and a gas—
liquid flow with low or moderate background conductivity.
Considering the advantages of the ERTv system, Cui et al
developed a twin-plane system using ERTv with the aim of
avoiding the measurement saturation phenomenon that exists
in ERTc systems [19]. In addition, ERTv can achieve more
independent measurements than ERTc for a sensor with the
same number of electrodes [20, 21]. These advantages con-
tribute to the improved image quality of ERTv systems [22].

ERTv measurement systems have been rarely employed
before. This is because most ERT systems are applied in
aqueous-based processes, wherein high-conductivity chemical
solutions can be expected [23]. In these cases, inter-electrode
resistances are very low [8—10]. In other cases, however, this
condition cannot be satisfied [17-19]. The load of the signal
source can be tens of kilohms and the output signal of the
current source can be easily saturated. Therefore, the ERTv
system has been proposed to handle this large resistance load.
In fact, ERTV systems have recently undergone rapid develop-
ment and are considered suitable for many applications, for
example processes in large-diameter vessels.

In ERTv systems, the parasitic resistance that shunts with
the measured impedance constitutes a major drawback, and
the presence of parasitic resistance prevents the excitation
voltage from being applied directly to the measured medium.
When the parasitic resistance is comparable with the meas-
ured resistance its influence becomes even more significant.

In order to evaluate the influence of parasitic resistance,
Yang et al designed a four-terminal sensor for ERTv [24].
In this sensor, a rectangular plate with a large area was used
as the excitation plate, and a circular point electrode with
a small area was removed from the plate as the detection
electrode. At the same time, the voltage at both ends of the
measured object field was obtained. The conductance of the
channel was calculated from these two parameters. With this
method, the partial voltage generated by the contact imped-
ance in series can be ignored. This reduces the impact of con-
tact impedance to a great extent. In addition, Rodriguez-Frias
and Yang proposed a new electrode structure, extending the
point electrodes to a connected rectangular box [25]. In this
way, the average voltage within this rectangular area was cal-
culated instead of the voltage at a specific point. This method
can reduce randomness and ensure that an average voltage
can be measured.

These sensor structures are an effective way to reduce the
effect of contact impedance. However, there has been little
research on other parasitic resistances and the influence of

parasitic resistance on measurement under different back-
ground conductivities has rarely been reported. From this
perspective, this paper focuses on the influence of parasitic
resistance on the measurement and imaging of ERTv with
background conductivity changes. Using an ERTv system, the
measurements and the sensitivity distribution of the system
with parasitic resistance were first obtained. Then, a study for
different values of parasitic resistance was performed to find
out how measurement results vary under different background
conductivities. With this information, the range of background
conductivity applicable to the system can be determined with
fixed parasitic resistance. Finally, experiments were done to
verify the simulation results.

2. Method

2.1. Sensing strategies

As mentioned above, the ERTv system is developed from the
ECT system. An AC voltage signal is applied and the currents
flowing out of the other electrodes are collected to calculate
the conductances between electrodes. In order to obtain the
conductivity distribution of the sensing field, a mathematical
model of ERTv needs to be established. The sensing field is
analyzed in a two-dimensional plane and the fringe effect
caused by finite electrode length is neglected. Usually the
electrical field can be regarded as a quasi-static electric field,
which is determined by Maxwell function as follows [26, 27]:

VxH=J=0E

0. 0.
VxE:—g:—uﬁ? 1
V-B=0 M
V-D=0

where H is the magnetic field intensity, J is the electric cur-
rent density, E is the electric field intensity, B is the magnetic
induction intensity, D is the electric flux density, o is the con-
ductivity and p is the magnetoconductivity.

The quasi-static electric field follows the law of static
fields. It can be calculated by

V2¢p = 0. )

Under these conditions, the mathematical model of ERTv
can be described by

V2 (x,y) = 0, (x,y) €
¢i(x.y) = Ue, (x,y) €T, 3)
¢i(x,y) =0, (x,y) €Ty

where ¢(x,y) is the potential distribution, U, is the excitation
voltage applied to the field, i and j are the indices of excitation
and detection electrodes, respectively, €2 is the sensing field,
I', is the excitation electrode and I'y is the other electrodes.

Equation (3) is the mathematical model of the ERTv, and
can be analyzed by the finite-element method. In this work, the
simulation process is performed by COMSOL Multiphysics.
The simulation area of the ERTv is meshed by triangle ele-
ments. Based on the simulation program, the potential of the
element nodes can be obtained.
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Figure 2. Equivalent circuit of parasitic resistance.

As shown in figure 1(a), a voltage signal is applied to the
excitation electrode, while a measurement electrode is con-
nected to the current sensing circuit. At the same time, the
remaining electrodes are connected to ground. Figure 1(b)
shows the equivalent circuit of the sensing strategies, where
U, is the excitation voltage and /, is the measurement current.
Then the conductance between the excitation electrode and
the measurement electrode can be calculated by G = I,/ U,

2.2. Parasitic resistance

Figure 2 shows the equivalent circuit of parasitic resistance in
the measurement. Here, R, is the resistance under test, R, and
R; represent the parasitic resistance in the excitation channel
and measurement channel, respectively, Ry is the resistance
of the analog switches in each channel and R,, and C,, stand for
the wire resistance and the wire capacitance respectively. R,
and Cj, in parallel represent the contact impedance, in which
R, is the charge transfer resistance and Cj is the double-layer
capacitance [28].

In contact impedance, the capacitive reactance can be cal-
culated by 1/jwCy. In ERTv, Cy is usually large due to the
large area of the electrode. Under the application of a high
excitation frequency, the contact impedance can be neglected.

Consideringthe parasiticresistance, the current that flows out
of the electrode can be calculated as I = U,/(R; + R, + R,).
Under the excitation of U,, I is determined not only by the

resistance of the field R, but also by the parasitic resistances
R, and R,.

2.3. Image reconstruction

For ERT, the relationship between the measurements and the
conductivity distribution can be approximated by a linear
function [29], i.e.

A =SG 4)
where A is the measurement vector, G is the conductivity dis-
tribution vector and § is the sensitivity matrix of ERT [30],
formulated by

Sij(xy) = —/Q( )
Xy

Here S;;(x, y) is the sensitivity at (x,y), ¢;(x,y) and @;(x,y)
are the potential distributions due to electrodes i and j, respec-
tively, at an applied voltage U,.

In ERTv the linear back projection (LBP) algorithm
has been widely used for online image reconstruction due
to its simplicity and fast speed [31]. There are also more
accurate algorithms, such as regularization methods and
iterative algorithms, which need more parameters [32]. To
perform objective image comparisons, image reconstruction
is accomplished by the LBP algorithm, which can be calcu-
lated by [33]

Vpi(x,y)
U.

Veilxy)
U

dxdy. (5)
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Figure 3. Simulation models of the ERTv sensors: (a) sensor without R,,, (b) sensor with R,,.

G— ST
- STy
) e ©)
where G is the image representing the conductivity distribu-
tion, ST is the transpose of the sensitivity matrix and uy is a
vector of ones with the same dimension as A.

3. Results and discussions

3.1. Numerical simulations

In order to achieve greater accuracy, the multi-physical cou-
pling software COMSOL Multiphysics is used to build the
model for the simulation experiments. Figure 3 shows the
simulation models for ERTv sensors, with part (a) showing
the 16-electrode ERTv sensor without considering parasitic
resistances. The excitation voltage signal is directly applied to
one of the electrodes and the current flowing out of each ter-
minal is determined by calculating the line integral of normal
current density on the boundaries of each measurement elec-
trode, i.e.

I = / Tudi 7
L
where I, is the measurement current and J,, is the normal cur-
rent density on the boundary of the measurement electrode
| R

Correspondingly, figure 3(b) demonstrates the ERTv
sensor with parasitic resistances. The resistances R,,; are the
parasitic resistances. Instead of directly applying an excita-
tion signal to the electrodes, i.e. terminals 1-16, the excitation
voltage is applied to terminals 1’~16’. The currents flowing out
of the other measurement electrodes are also collected from
terminals 1’ to 16’. The main parameters of the sensor models
are as follows:

e diameter of sensing field: 100 mm
e total number of electrodes: 16

e width of electrode: 11 mm

e thickness of the electrode: 2 mm
e clectrode material: copper

e excitation voltage: U, =1 V.

3.1.1. Forward problem. Figure 4 shows the measurement
currents when the sensing field is filled with water (conductiv-
ity 1 x 1072S m™"). It can be seen that the parasitic resistance
has a significant influence on the ERTv measurement. When
considering the existence of parasitic resistance, the dynamic
range of the measurement currents becomes smaller.

The presence of parasitic resistance also influences the
voltage between the excitation electrode and the measurement
electrode, which can be calculated by

AU, = U, — I(Ry; + Ry)) 8)

where I, is the measurement current and R, and R,; are the
parasitic resistances related to electrodes i and j, respectively.

Figure 5 shows the variation of AU, in the different chan-
nels. In this paper the excitation voltage is 1V and the meas-
urement electrodes are connected to the actual ground or
measurement circuit (virtual ground), so AU, of the sensor
without R, is 1V. It can be seen that AU, becomes smaller
when considering R, especially in channels 1 and 15. Here,
channels 1 and 15 represent measurement electrodes 2 and 16,
respectively, while 1V is applied to electrode 1. Both these
channels are adjacent to excitation electrode 1. In these cases,
the outflow current from the measurement electrodes are
larger, which results in a greater voltage drop. Consequently,
AU, of these two channels is smaller than that of other
channels.

The existence of parasitic resistance means that the exci-
tation voltage cannot be applied directly to the electrodes.
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Figure 5. Voltage difference between the excitation electrode and measurement electrode.

Table 1. Sensitivity maps.

Electrode pair 1-5

1-7 1-9

Sensor without R,
P =0.9499

Sensor with R,
P =1.5601

= i

Consequently, the voltages applied to the sensing field are usu-
ally smaller than under normal situations. The lower excitation
voltage will result in a lower sensitivity in the sensing field.

3.1.2. Sensitivity map. The sensitivity is usually defined
as the change in channel measurements due to conductiv-
ity perturbation within a pixel inside the sensing field. In the
16-electrode ERTV sensor, there are 120 independent mea-
surement channels. In this research, the number of image

pixels is 812. Consequently, the size of the sensitivity matrix
is 120 x 812. In the ERTYV sensor, the sensitivity distribution
also depends on AU,. As shown in figure 5, the voltage can
be kept at AU, when there is no parasitic resistance, but the
situation changes when there is parasitic resistance. Thus, it is
necessary to consider the specific distribution of sensitivity in
the presence of parasitic resistance.

Table 1 shows the sensitivity distribution of different channels.
The sensitivity distributions in each case are similar, i.e. low at the
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Table 2. The trend of measurement current under different background conductivities.
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center of the field and high near the electrodes. It can be seen that
the distribution under the sensor with R, is lower than that without
R, in the center of the sensing field. In order to quantitatively eval-
uate the uniformity of the sensitivity matrix, a uniformity index
has been proposed [34], which can be calculated by
15 16
p— Zi:l Zj:i ‘Pl}i| )
M

where M is the number of independent measurements (here,
for a 16-electrode system, M = 120). P;; is the uniformity
index of the sensitive field between electrodes i and j, which
can be calculated by

S5 = LIS
. 2 1/2
i = (7 2emt Sigle) = S5%) (10)
sdev
Pij = g

where 577 and S{5" are the mean and standard deviation of the
sensitivity matrix, respectively. i and j represent the number
of excitation electrodes and measurement electrodes, respec-
tively, n is the total number of pixels in the sensitive field and
e is one of the pixels.

A smaller uniformity index P usually suggests better uni-
formity in the distribution of the sensitive field.

In this system, the value of index P is 0.9499 when there is
no parasitic resistance. In contrast, the value of index P rises
to 1.5601 for the sensor with R, = 30 Q. It is suggested that
the uniformity of the sensitivity field also decreases when par-
asitic resistance is present.

3.1.3. Evaluation of parasitic resistance under different
background conductivities. The above analysis show that
parasitic resistance influences the measurement current and
sensitivity distribution to a certain degree. Therefore, the
influence of parasitic resistance with respect to different back-
ground conductivities was quantitatively evaluated.
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Table 3. Value of CD under different models.

Model I: R, 1x107'Sm™! 1x1072S m™! 1x1073S m™! 1x107*S m™! 1x107°Sm™!
300 Q 80.46% 79.16% 25.63% 6.11% 4.27%
30 Q 74.44% 25.16% 3.51% 0.63% 0.43%
30 24.81% 3.45% 0.36% 0.17% 0.043%
0.3 Q 3.12% 0.33% 0.033% 0.0057% 0.0042%
Model 2: R, 1 x 107!'Sm™! 1x1072S m™! 1x1073S m™! 1x1074S m! 1x1075S m™!
300 Q 104.85% 147.13% 65.39% 14.30% 9.49%
30 Q 158.38% 63.93% 8.78% 1.42% 0.93%
30 69.45% 8.60% 0.89% 0.14% 0.097%
0.3 Q 8.56% 0.81% 0.093% 0.0013% 0.0098%
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Figure 6. Simulation model: (a) phantom 3, (b) phantom 4.

As shown in table 2, the plastic rods (diameter 20 mm, con-
ductivity 1 x 10728 m~!) were placed in the sensing field
(diameter 100mm) and the measurement currents were col-
lected. In each figure, the y-coordinate of the curve is the dif-
ference in the measurement current calculated by

Al = (Ix*le)/le (11)

where I, is the measurement current when the sensing field is
filled with background conductive material and I, is the mea-
sured current when a conductivity perturbation, i.e. a plastic
rod, is inserted in the sensing field.

In order to quantitatively describe the influence of parasitic
resistance on the measurement results, the value of the crite-
rion CD was proposed, which was calculated by

||Algy — AL
|| AL

where Alg, and Al are the normalized measurement cur-
rents under the model with and without parasitic resistance,
respectively.

The criterion CD represents the influence of parasitic resist-
ance on the measurement results. The influence decreases as
CD becomes small.

The results in table 2 show that the influence of background
conductivity on the measurement current varies with the dif-
ferent parasitic resistances. In these figures, the black curve

CD = x 100% (12)

indicates the case of Rp = 0 2. As the background conduc-
tivity decreases, the measurement current curve approximates
to the black curve, indicating that the parasitic resistance has
less influence on the measurement current. Table 3 lists the
quantitative results. Moreover, it can be seen that the sensor
with R, = 0.3 Q is very similar to that with R, = 0 €2, thus
the condition of R, = 0.3 © will not be considered in the fol-
lowing studies.

In order to evaluate the quality of the reconstructed images,
the correlation coefficient (CC) [35] between the actual con-
ductivity distribution and the reconstructed distribution was
calculated, i.e.

coo X (& —8)E -2
VEY (-2 T (6 -2

where g is the conductivity vector of the real distribution, g is the
conductivity vector of the reconstructed image, g and g are the
mean values of g and g, respectively, and N, is the number the
pixels in the imaging area.

The reconstructed images of the model shown in figure 6
using the LBP algorithm are listed in tables 4 and 5.

It can be found from tables 4 and 5 that the reconstructed
image clearly reflects the actual distribution as parasitic resist-
ance decreases. Moreover, the influence of parasitic resistance

(13)
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Table 4. The reconstructed image of phantom 3 under different background conductivities.

Ow
R, 1x107'Sm™1  1x102Sm~1  1x107°Sm™  1x107*Sm~'  1x1075Sm""!
300 © @ @ A A, A
CC=02727  €C=03239  CC=0485%9  CC=05584  CC=0.5666 |
30 Q2 13
na
ik
atd
CC=02716  CC=0458  CC=05633  CC=05780  CC=05795 o5
30 5
HEE]
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00
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O

CC =0.5519

CC = 0.5537

O
O
O

CC=0.5839

CC =0.5839

CC=0.5839

becomes smaller as the background conductivity decreases
when parasitic resistance remains unchanged.

In order to quantitatively evaluate the results, the index re
is introduced:

cc

max

re = x 100% (14)
where CCpax 1s the maximum correlation coefficient under
different background conductivities with R, = 0.

The index re indicates that relationship of correlation coef-
ficients between the two cases. The influence of parasitic
resistance on the reconstructed images becomes smaller with
increase in the index re. In this paper, the influence of para-
sitic resistance on reconstructed images can be ignored when
re is greater than 90%. The re values calculated with the two
models are listed in tables 6 and 7 and images of the values
are shown in figure 7.

It can be seen from figure 7 that the value of re increases
as the background conductivity decreases, suggesting that the
parasitic resistance has less influence on the reconstructed
image as the conductivity decreases. The different curves show
different values of background conductivity when re = 90%.
It has been suggested that this critical value of background
conductivity decreases as the parasitic resistance increases.

In order to further evaluate the influence of R, on the recon-
structed images under different background conductivities, the
parameter k, has been proposed, which can be calculated by

kr = R,0y,. (15)

The value of &, under different parasitic resistances and back-
ground conductivities is shown in table 8.

As can be seen from figure 8, the values of k, in the two
phantoms are both smaller than 3 x 1072 when re = 90%.
That is, in the above simulation, the parasitic resistance has
little impact on the reconstructed image when the value of &, is
smaller than 3 x 10~2. From this result, the applicable range
of background conductivity can be found according to table 8
when the parasitic resistance is known.

However, the above study was only established under a
fixed sensor structure, without considering the influence of
other structural parameters on the results. Therefore, we pro-
pose a parameter Sp, which is defined by

width x number

Sp=— ——— = 16
P diameter (16)

where width and number stand for the width and the number
of electrodes, respectively, and diameter stands for the diam-
eter of the sensing field.

The purpose of the following study is to find out the rela-
tionship between k, and re under different values of Sp, as
shown in table 9.

The simulation model is established according to different
structural parameters shown in table 9. Then the curves for the
relationship between kr and re in the simulation models are
drawn as shown in figure 9.
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Table 5. The reconstructed image of phantom 4 under different background conductivities.
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Ow
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Table 7. The value of re in phantom 4.
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-=-Phantom 3 Rp=3OQ
—~Phantom 3 Rp=3Q
—Phantom 4 Rp=3OOQ
—Phantom 4 Rp=3OQ
Phantom 4 Rp=3Q

1x1071

1x107

1x107

Background conductivity

1x107*

1107 (S/m)

Figure 7. The value of re in phantom 3 and 4.
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Table 8. The value of k,.

Tw
R, 1x107!'S m™! 1x 10728 m™! 1x1073S m™! 1x1074S m™! 1x1075S m™!
300 © 30 3 3x 107! 3 x 1072 3x 1073
30Q 3 3% 107! 3% 1072 3% 1073 3x 1074
30 3% 107! 3x 1072 3x 1073 3x 1074 3x 1073
1001
90r
80+
—_
=3
= 70+
(0]
S
60r
50r
40 1 | 1 I 1 1 1
30 3 3x1070 3x107 3x10® 3x107* 3x107
The value of kr(Q S/m)

Figure 8. The relationship between k, and re in phantoms 3 and 4.

It can be seen from figure 9 that all the values of &, fluctuate
around 3 x 1072 when re = 90%, under different values of
Sp. These results are similar to those of the previous study.
It can be suggested that the influence of structural param-
eters Sp on the value of k, is small and can be ignored when
studying the relationship between k. and the background con-
ductivity. Therefore, the above results can be generalized to
different structures. That is, when the value of k, is smaller
than 3 x 1072 the parasitic resistance has little impact on the
reconstructed image. Moreover, the applicable range of back-
ground conductivity can be found according to table 8§ when
the parasitic resistance of the system is known.

3.2. Experiments

3.2.1. Measurement system. The measurement system
is implemented using a commercial LCR meter (Keysight
E4980AL) and a custom-built analog switch array, which is
controlled by an Arduino Nano MCU as shown in figure 10.

The switch array was implemented by a CMOS analog
switch device (DG413). Figure 11 shows the equivalent cir-
cuit for each channel.

Prior to the experiments, the parasitic resistances in each
channel, including the ON-resistance and wire resistance,
were collected by the LCR meter; these are listed in table 10.
The results show that the parasitic resistance in each channel
fluctuates around 31 €Q.

3.2.2. Current measurements and image reconstruction.
Preliminary measurements were collected with the ERTv

10

Table 9. Parameters for different values of Sp.

Sp Diameter (mm) Number Width (mm)
0.80 300 12 20
1.00 80 8 10
1.60 500 16 50
2.88 100 8 36

measurement system to verify the simulation results. It is
known that the parasitic resistance of this system is 31 €.
The parasitic resistance has little impact on the reconstructed
image when k, is smaller than 3 x 1072, At this point, the
conductivity should be less than 1 x 1073 S m~!, according
to table 8. The effect on the reconstructed images in this range
is verified below.

The conductivity of water, from 6.23 x 107* Sm! to
1.24 S m~!, was controlled by the addition of salt. Table 11
shows the curves of current measurements under different back-
ground conductivities. It shows the same variational trend as the
simulation results. The dynamic range of the measurement cur-
rents becomes larger as the background conductivity decreases.

Table 12 shows image reconstruction of data sets under
different conductivity distributions. The black rings in each
reconstructed image indicate the location of the non-conduc-
tive rods. Image reconstruction was performed with the LBP
algorithm.

As indicated in the numerical simulations, when the con-
ductivity of the water increases the effect of parasitic resist-
ance becomes more significant. The impact of measurement
errors is increased for water with a high conductivity. This
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Figure 9. The relationship between k, and re under different Sp.
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Figure 10. ERTv system with an LCR meter.

Electrodes
\ : Ron
B o
OSC
Ron
Ron

A4 o

7
Low

Figure 11. Switch connection of each electrode.

Table 10. The actual measurement of parasitic resistance.

Excitation channel

Measuring channel

Ground channel

parasitic resistance Maximum Minimum Mean Variance
Ry 312 Q 30.6 Q 30.9938 0.0273
Ry 313 Q 308 Q 31.0062 Q 0.0206
Rp3 312 Q 30.8 Q 31.0250 Q 0.0220

is because the values of inter-electrode resistance are compa-
rable in the magnitude to the parasitic resistance.

The experimental results are consistent with the simula-
tions. As can be seen from the reconstructed images, the gaps
between the rods can be better observed when the background

conductivity is less than 6.7 x 1073S m~!. Under this cir-
cumstance, the reconstructed images can better represent the
actual distribution according to the parameters CC, re and kr.
The conductivity range is very close to that deduced from &r,
which verifies the feasibility of the method.
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Table 11. The current curves under different background conductivities.

Phantom

-6 _=1.24S/m 0.6 25
~6,=7.71x 10"'$/m 0.4 2
~0_=3.26 x 102S/m 15

W s 0.2
=0, =6.7x 107S/m > 2 i

o 4 0
6,=6.23 x 107°S/m 05
-0.2 0
-0.4 -0.5

5 10
Measurement channel

5 10
Measurement channel

Table 12. The experiment results under different background conductivities.

1.24S m™! 771 x 107'S m~!

Saline water

326 x 10728 m™!

Tap water

6.7x1073Sm™" 623 x107*Sm™!

Distilled water

®

O

©0

A -
® ® Q.@

© O

4. Conclusions

In the ERTv system, the presence of parasitic resistance in
each measurement channel will inevitably affect the measure-
ments and image results. In order to evaluate this effect, the
measurements and the sensitivity distributions of an ERTv
system have been analyzed and compared, taking the para-
sitic resistance into consideration. Generally, the impact of
parasitic resistance depends on the background conductivity
to a great extent. Therefore, a series of numerical and exper-
imental studies were carried out to quantitatively evaluate the
effect of parasitic resistance. The parasitic resistance is gener-
ally in the range between 0.1 and 100 €.

In the case of parasitic resistance no greater than 30 §2, the
ERTYv system can be directly applied to fluids dominated by
tap water (typical conductivity 1 x 1072 S m~!). However, if
the background conductivity of investigated fluids is greater
than 1 x 10728 m~!, i.e. sea water, the parasitic resistance
should be limited to less than 3 €. In addition, a criterion for
determining the applicable background conductivity for dif-
ferent parasitic resistances has been suggested. If the value of
parasitic resistance R, of the ERTv system is given, the back-
ground conductivity of investigated fluids should be within

the range listed in table 8. It is recommended that the criterion
k, should be no greater than 3 x 1072,

In this research, the average parasitic resistance of the ERTv
system is 31.0083 . Therefore, the background conductivity
applicable to this system is less than1 x 1073 S m~. It can be
found in the experiments that the reconstructed image can better
reflect the conductivity distribution of the phantom when the
background conductivity is less than 6.7 x 1073S m~!. It can
be concluded that parasitic resistance can be readily neglected
when the criterion k, < 3 x 1072 can be satisfied.
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