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Electrical Capacitance Tomography (ECT) is used to obtain the
permittivity distribution of material, measuring capacitances
between electrodes, placed around material. ECT is fast, non-
invasive and low cost imaging system. A particular difficulty with
capacitance measurement of ECT hardware is to measure small
capacitance changes between electrodes of sensors having large
stray and standing capacitances. The paper consists of two main
parts: Improvement of AC — based ECT new a compact ECT
hardware. Improved AC-based ECT hardware is more stable,
flexible, effective and suitable for electrical conductance
tomography,; new concepts for hardware design and measurement
algorithm are presented and proved by simulation. A new
generation, completely different from classical ECT hardware is
presented as a Compact ECT. The main advantages of compact ECT
hardware are compact size, low power consumption and low price;
these advantages achieved using new method of stray capacitance
compensation.
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1. INTRODUCTION

Electrical Capacitance Tomography (ECT) is a method to obtain permittivity
distribution of mixture by measuring capacitances between electrodes placed
around the sensing area. ECT systems (Fig. 1) are used for multiphase flow
detection in the oil industry [1], chemistry [2], agriculture [3] and in research.
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Fig. 1. Electrical capacitance tomography system
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In the last two decades AC-based ECT techniques have made a big progress
in terms of software for image reconstruction [4, 5] and hardware, especially
digital electronics parts [6-7]. On the other hand analog electronics has known
only few improvements and the main principle remains the same, i.e. the use of
charge amplifier [8] or so called auto-balancing bridge [9].

Sexi 1 o /8\ |||,
\CJUex |
a
Csw
Q Rf
= L&
8 1LCf
o 1T

Sm 2
j 64 oouT
Csw

Fig. 2. Electronic circuit for one electrode in ECT hardware

Use of charge amplifier (Fig. 2) makes the tomograph stray capacitance
immune by allowing voltage excitation and current measurement principle for
capacitance measurement [10]. One of the most significant changes in analog
part of electronics was the use of three switches to connect excitation voltage to
excitation electrode [11]. This change has the main benefit of increasing
capacitance measurement range to lower values by eliminating the influence
from capacitance of the switches in OFF mode (C;,) which acts in parallel to the
measurement capacitances. Meanwhile, the noise created by non-linear
capacitance of the switch is also removed.
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With the design described above, the input measurement circuit is working
properly, even if it encounters some limitations. The first problem concerns the
measurement of capacitances which are much smaller than Ci,,. It has been found
that the input circuit has a too large input signal and the output voltage goes into
saturation when the electrodes are switched into excitation mode because of the
C,,, coupling. The capacitance Cj, depends on the chosen switch and varies from
one to hundreds of pF while capacitances between electrodes in ECT sensors can
be less than 10 fF. Non linear distortions appear because of signal saturation,
temperature increases [12] and hardware becomes instable.

Another problem concerns the sensitivity of the input circuit which usually
lacks of flexibility. Indeed, the sensitivity of the input circuit depends on the
feedback of the charge amplifier. Impedance of tenths of kilo Ohms is used as a
feedback to make the input circuit sensitive enough. This generates an impedance
of feedback (parallel junction of R; and C;in Fig. 2) which is larger than the
impedance of switch in OFF mode because of a too large C;,. Therefore, the
switch cannot be used normally. Hardware is not flexible and cannot be switched
to resistance or conductance mode where the sensitivity of the input circuit
should be decreased up to a thousands times.
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Fig. 3. Principle of measurement signal acquisition

The last limitation concerns the standard protocol to calibrate ECT hardware
in order to normalize the capacitance measurement. The first calibration is made
for the sensing area being empty in order to eliminate the standing capacitances
by setting offset values in DAC (Fig. 3). The second calibration point is made for
the sensing area filled with high permittivity mixture and DC gains (in Fig. 3) are
calibrated by setting them as high as possible. Non flexible algorithm of
AC gains is used [11].

Based on above limitations, an improved AC-based ECT hardware is
described in this paper. The hardware developed by Yongbo He et al. [7] was
modified and corresponding improvement are described in the three following
sections. The first section describes the method to improve switch combination
for electrode connection to charge amplifier in order to obtain a more stable
hardware. The following section presents the new feedback switching circuit that
allows changing sensitivity of input circuit. The last section, before the
conclusion, is devoted to the methodology used for the obtaining of an additional
calibration step for AC gains in order to improve the flexibility of the hardware
in order to accommodate any kind of 2D or 3D ECT sensor layouts.
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Above mentioned virtual ground circuit is suitable for “voltage excitation —
current measurement” systems, with the excitation usually being sine [11], square
[13] or triangle voltage signal [14]. In general, the classical ECT hardware is
designed using 19” Euro case and PCBs contain a lot of components which
makes the price relatively expensive and power consumption relatively high.
Kjaersgaard-Rasmussen and Yang [15] have designed a charge/discharge unit that
can hold in a smaller case in order to provide a more portable system. However,
it is not easy to use ECT systems, even for the latter compact one, for on-site
installation with very limited access and restrictive access to power supply. In
that context, a new generation of ECT hardware, based on stray capacitance
compensation, is presented. The methodology that is used for the capacitance
measurement makes the system completely different from a classical ECT
hardware concept. The capacitance discharge time measurement will be used for
capacitance measurement. The main advantages of the new system are compact
size, low power consumption and low price. The paper is structured as follows.
Section 2 presents the general theory of stray capacitance compensation for non-
stray immune system. Experimental results to validate the approach are presented
in section 3. The new ECT system hardware is presented in section 4 before final
conclusions and perspectives of work are mentioned.

The paper consists of two main parts. Improvement of AC — based ECT
system described in first part and total new compact ECT hardware with new
stray capacitance compensation is described in second part.

2. IMPROVEMENT OF AC-BASED ECT HARDWARE

This section describes improvement of AC-based ECT system in the three
following sections. The 2.1 section describes the method to improve switch
combination for electrode connection to charge amplifier in order to obtain a
more stable hardware. The following section 2.2 presents the new feedback
switching circuit that allows changing sensitivity of input circuit. The last section
2.3 is devoted to the methodology used for the obtaining of an additional
calibration step for AC gains in order to improve the flexibility of the hardware
in order to accommodate any kind of 2D or 3D ECT sensor layouts.

This part of paper is based on paper “Improvement of AC-based Electrical
Capacitance Tomography Hardware” [16].

2.1. Electronics connection to sensor electrodes

Nowadays, ECT system can handle from 6 to 32 electrodes. Each electrode
operates either in excitation or in measurement mode. The mode is changed by
connecting the electrode to excitation or measurement circuit using switches.
Switch in OFF mode has capacitance Ci,. Electronics with switch combination
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shown in Fig. 2 is suitable only for ECT sensors with interelectrode capacitance
much higher than Ci,.

Simulation results have shown that using of one switch S,,; for electrode
connection to measurement circuit is not enough in some cases. Problem appears
when the hardware is used for ECT sensor having capacitance between electrodes
much smaller than Cj,. In that case the sensitivity of the input circuit should be as
high as possible by setting feedback impedance (see parallel combination of C;
and R, in Fig. 2) as high as possible. However, the increase of feedback
impedance is limited not only by the smallest inter-electrode impedance but also
by the impedance of §,,; in OFF mode. The input current in the charge amplifier
resulting from the capacitance C;,, of S,,; may be too large when the impedance
of measurement switch in OFF mode is smaller than the feedback impedance
while electrode is working in excitation mode. Consequently, the output voltage
presents saturation, harmonic distortions and additional harmonics with high
frequency forms. This has direct impact on the system instability and serious
damage of the ECT hardware can occur because of the sudden rise of
components temperature.
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Fig. 4. Input circuit with additional switches S,,, and S,,; for charge amplifier connection

The new circuit shown in Fig. 4 works as follows. Switches S,,; and S,,; are
in OFF position and switch S, is in ON position while electrode is set to
excitation mode. In the case when electrode is working in measurement mode,
the above switches are set to the opposite mode. The decrease of the output
voltage in comparison to the standard circuit shown in Fig. 2 is presented
in Fig. 5. This comparison has been performed using PSpice simulation.
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Fig. 5. Frequency dependence of t output voltage U, while input circuit is
in excitation mode

One can see from the simulation results that the additional switches S,,, and
Sz (T-switch) allow decreasing significantly the output voltage by minimizing
the parasite current flow to input of the charge amplifier. Output voltage and
parasite current were minimized 1820 times at the excitation frequency f,,
of 500 kHz.

2.2. Flexible sensitivity of input circuit

AC-based ECT hardware has input circuit based on charge amplifier (Fig. 2)
and sensitivity of input circuit is dependent on its feedback [17]. In the case
where it is desired that the tomograph works in other modes than for capacitance
measurement, ie. to allow resistance or conductance measurement to be done,
there is the need to significantly decrease the sensitivity of the input circuit.

One standard way to achieve such requirement is to use additional amplifier
with programmable gain [7]. Another way is to use switching feedback as it is
shown in Fig. 6. However, using simple switching feedback can have some
drawbacks.
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Fig. 6. Charge amplifier with switchable feedback

The PSpice simulation of the switchable feedback circuit shown in Fig. 6 has
shown that the sensitivity can be changed to high only for low frequencies.
However, standard AC-based ECT hardware uses high frequencies up to 10 MHz
[18] and simple feedback switching is therefore not suitable because of the
parasite effect from the C;, coupling. Indeed, switch in OFF position has too low
isolation and signal passes through the C,,, of S; which inevitably decreases the
sensitivity.

One solution that has been already proposed is to use additional switches
[19] in order to annihilate the coupling effect from the C;,. This is illustrated in
Fig. 7 with the use of switches S and Sp.
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Fig. 7. Switchable feedback for high frequency applications

The comparison between the input circuits in high sensitivity mode shown in
Fig. 6 and Fig. 7 was again carried out using PSpice simulation presented in
Fig. 8. The corresponding Figure also presents the case with the input circuit
having only one feedback resistance Ry;.
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Fig. 8. Frequency dependence of charge amplifier sensitivity S, using different feedback
switching circuits: Ry: 33 kQ, Rp=51 Q, C= 1.2 pF, R,,= 35 Q, C,,=9 pF, C,= 1 pF

The simulation results given in Fig. 8 has shown that the simple feedback
switching circuit presented in Fig. 6 allows switching only up to 100 kHz while
the new circuit presented in Fig. 7 can be used to switch feedback up to 14 MHz.
The suggested feedback switching made hardware able to change sensitivity of
input circuit in all the frequencies used in ECT.

2.3. Algorithm for flexible calibration of hardware

Standard calibration algorithm is optimized only for special sensor or group
of sensors [11].

Hardware calibration was improved by adding the AC gains calibration step
which’s block diagram is shown in Fig. 9a. Calibration of AC gains was made
before Offset and DC gains calibration and with the same material like for DC
gains calibration inside the sensor.

Before measuring signals DC gains were set to 1 and the offsets for standing
capacitances were set to 0 as it is presented in the block diagram in Fig. 9b.
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Fig. 9. Calibration algorithms: a — three steps calibration; b — AC gains calibration

AC gains should be set not larger than the division of maximum ADC value
by the measured ADC value as it is shown in the equation below.

ADC
ACPGA< K—™*, (1)
ADC
here ADC,,,. and ADC,;,. are the — maximal and measured ADC values, respectively;
ACPGA is the AC programmable gain, K is a safety coefficient.

value

It is suggested to use safety coefficient K = 0,7 for AC gains. It is difficult to
fill sensor in some cases [20] so this coefficient should be used to protect
hardware against signal saturation.

Calibration of AC gains by adding additional calibration step allowed
compensation of wider range of standing capacitances, allowed to set sensitivity
more accurate, made hardware flexible and suitable for any kind of 2D or 3D
ECT sensors.

3. COMPACT ECT HARDWARE WITH STRAY CAPACITANCE
COMPENSATION

This part describes total new ECT hardware with new stray capacitance
compensation method. The section is three following sections. The section 3.1.
describes the theory of stray capacitance compensation for non stray immune
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systems. The following section 3.2. presents the experimental results obtained
with new stray capacitance compensation method. The last section 3.3. is devoted
to prototype of compact size and low power ECT hardware stray capacitance
compensation method.

This part of paper is based on paper “Stray Capacitance Compensation for
Non — Stray Immune ECT Systems™ which is published in 6™ World Congress on
Industrial Process Tomography.

3.1. Theory of stray capacitance compensation for non-stray
immune systems

ECT sensor is equivalent to multi-electrode system. In that context, the
capacitance measurement between two electrodes is influenced by counterparts.
Let assume that we have a sensor equipped with 4 electrodes and electrode 5 is
ground as schematized in Fig. 10.

Fig. 10. Multi-electrode capacitance system

The measured capacitance between first and second electrodes C,, ;>
expressed as:

C,in=Cpyh+ Cp.12 2

here Cj; is the real capacitance between both electrodes and C,,;, is a parasitic
capacitance generated by the other electrodes.

3.1.1. Equation solving method

The first method to calculate the real capacitance C;, (and the other
capacitances) is to express analytically the parasitic capacitance with the other
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capacitances and solve the set of equations. In the case of a sensor with 5
electrodes, 10 independent measurements are necessary to rebuild the image
(N(N-1)/2 with N=5 in the present case) which, therefore corresponds to a set of
10 equations with the same number of unknowns. One of these 10 equations
corresponding to C,, ;»1s presented below:

(Cy + C23C34 ] (CM + C]3C34]
+ C13C23 + CAA CAA

Cas CyCyy + €3Gy + €4, G5

Con=Cy

+C,+C,+C,yy

(C24 + C23C34 j (C45 + C34C35 ] (CH + CI3C34 ] (C_ﬁ + C34C35 j
C.. + C2‘4C15 + CA/\ C/\A C.+ C13C‘45 + C/\A CA/\
25 15
CAA CZ3C34 + CECM + C34C35 + CM + C_ﬁ + Cv24 CAA C23C34 + Cgcﬂ + C34C35 + CM + C_ﬁ + C24
N AA AA
C23C34 + CI3C34

CyCys j

AA

+Cy, +C24] [C45 +
CyCys +C5Css +[ Cun
CCyy +C3Cy + € G

CAA

3)

Cys+Cps +

AA

+C, +Cys+C,,
here Ciy=C3+Cp+ Gy + G5

The analytical solution for such system of 10 equations is difficult to obtain,
but the solution can be solved using minimal error method.

3.1.2. Neglecting method

Some assumptions can be done to simplify the expression of C, ; Indeed,
capacitances with smallest influence can be neglected. For instance, in the case of
C), the smallest influence is generated by capacitances Cs,, Css and Cys. These
capacitances can be neglected by setting them to zero in equation (3) results in
the following simplification:

C13 'C23 + C24 'C14 + C25 'C15
C13 + Czs C24 + C14 Czs + C15

“)

miz = Cp t

The set of equations based on the above formula is simpler to solve, but the
range of error is larger. Moreover, the solving becomes more and more
complicated as the number of electrodes increase (e.g. ECT system with 32
electrodes requires 496 equations to be solved). Therefore there is a need of
simpler capacitance measurement method for multi-electrode systems. This is
what is presented below with the so-called short-circuiting method.
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3.1.3. Short-circuiting method

In this second method, it is assumed that each electrode can be connected to
the other electrodes during capacitance measurement and each electrode can be
short-circuited independently or simultaneously. For each capacitance Cj;
between electrodes i and j, 3 measurements needs to be performed for this
method:

1. Capacitance between electrode i and all other short-circuited electrodes:

C,.= Zci,k (&)

(ki)

2. Capacitance between electrode j and all other short-circuited electrodes:

C.j= ch,k ©)

(k#j)

3. Capacitance between connected electrodes j with i and all other short-circuited
electrodes:

Cm.i,j = zci,k"" ZCM @)

(ki j) (k#i,j)
The real capacitance C;; is simply expressed as:

ij 2

()

In the case of the real hardware, the capacitance measurement unit is
connected to multi-electrode ECT sensor using electronic switches and wires like
coaxial cable. Each electrode has capacitance to the shield also. All these
components or connection influence the capacitance measurement between each
pair of electrodes since they present or generate stray capacitance. Indeed,
switches have an influence on the capacitance measurement since switch in OFF
mode has capacitance Cj, and switch in ON mode has resistance R,,. However,
these influences can be eliminated using the short-circuit method as presented
below in the case of a sensor with 4 electrodes. The corresponding circuit
diagram is presented in Fig. 11 with the different stray capacitances C;, , C,, and
C,. of the switches and wires and shield, respectively.
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Fig. 11. Circuit diagram for 4 électrode ECT system v:/ith capacitances of wires (C,,),
switches (Cy,,) and screen (Cj.)

The switch A is used for capacitance measurement: switching to DC voltage
source for charging and switching to discharge resistor R, for discharging and
discharge time measurement.

In the case of the real capacitance C;;, the new set of measurements which
takes into account the stray capacitances can be expressed using equations (5) to

(7):

1. Capacitance between electrode 1 and all the other short-circuited electrodes:

C +C

m.1 = C12 + C13 + C14 + Cwl + Csw2 + C + Cscl (9)

sw3 swa

2. Capacitance between electrode 2 and all the other short-circuited electrodes:

+C

swé

c.,=C,+C,,+C,+C ,+C,  +C +C,., (10

swl sw3
3. Capacitance between connected electrodes 1 with 2 and all other short-

circuited electrodes:
Cm.lZ = Cl3 + C14 + C23 + C24 + Cwl + Cw2 + Csw3 + Csw4 + Cscl + Cch (1 1)

The calculation of real capacitance C;; can therefore be expressed as follows using
(8):
+C

sw3

+C

sw2

2

_2C,+C

swl

+ Csw4

C, (12)

As it can be seen from equation (12), influences of C,, and C;, are eliminated
and only capacitances of all the switches in OFF mode have influence on the real
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capacitance measurement, resulting in error. The error is the same in all the
calculations of C;; and equal to sum of all the switch capacitances in OFF mode
Cx,- In order to compensate this error, and therefore to have a correct expression
of equation (12), equation (8) has to be modified as follows:

GG, =Gy =G
L] 2

SW

(13)

Equation (13) illustrates how the method of short-circuiting for
compensation of stray capacitances is easy to apply and is independent on the
number of electrodes. The capacitance Cyy, is measured when all the electrodes
are switched to the ground.

3.1.4. Measurement speed of short-circuiting method

As it has been stated in previous section, the short-circuiting method for the
stay compensation is normally independent on the number of electrodes. This is
actually an assumption that can be verified by estimating the measurement speed
and comparing it with classical stray immune capacitance measurement method.
Image reconstruction in ECT is done by using all the independent capacitances
between all the electrodes.

Number of single measurements for getting all the independent capacitances
using electrode short circuit method is bigger than using stray immune system.
There is need to measure all the capacitances C,,;, all the capacitances C,,;; and
sum of all the switch capacitances Cy,,. Total sum of single measurements
number M is dependent on number of electrodes N

+N(N—1)

M=N +1 (14

The difference ration D of single measurements number in stray immune and
in non-stray immune systems needed to get all the independent capacitances is
dependent on the electrode number N (Table 1).

Table 1. Difference in single measurement numbers using stray immune
and non-stray immune methods
Single measurement number

Electrode number N 6 8 10 12 16 32
Stray immune M 15 28 45 66 120 496
Stray compensated M 22 37 56 79 137 529
Difference D 1.467 1.321 1.244 1.197 1.142 1.067
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The calculation result given in table.1 has shown that difference ratio D
between single measurements numbers is smaller when electrode number is
greater. The measurement speed can be increased by using rapid measurement
methods, i.e. a capacitance discharge time measurement. In the following section,
experimental comparison of different methods is presented.

3.2. Experimental results
3.2.1. Comparison of methods

This sub-section focuses on the comparison of the above methods to
compensate stray capacitances. The experimental comparison was done on a
sensor equipped with 5 electrodes. Measurements between electrodes #1 and #2
and electrodes #4 and #5 were considered and the calculation of the real
capacitances and measurements were performed based on the consideration
described in the previous section, i.e. equation solving method, method with
neglected some stray capacitances (called hereafter neglecting method), the
short-circuiting method, the direct method (without stray capacitance
compensation) and method that only consider two electrodes without surrounding
ones (isolated method). The latter case was obtained by separating the multi-
electrode system into two sets of 2 electrodes after measurements for the other
methods were done, as it is schematized in Fig. 12.

- +

Fig. 12. Conversion from multi-electrode sensor to 2 sets of 2 electrodes

The two capacitances for the isolated method were measured with the
assumption that these capacitances are real since there is normally no interaction
with other electrodes or capacitance influence from any surrounding device. The
results for all measurement methods are presented in Table 2. Calculation of
errors made assuming that the real capacitances are the measurement results of
isolated method.
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Table 2. Comparison of measurement methods

Method Cpo pF |Cys, PF Error Relative error
Ci2, pF_|Cys, pE [Cio, % Cys, %
1. Equation solving 2.259 12.046 |-0.015 |-0.024 0.66% 1.16%
2. Neglecting 2.079 11920 ]-0.195 |-0.15 8.58% 7.25%
3. Short-circuiting 2.258 12.072 ]-0.016 [0.002 0.70% 0.10%
4. Without compensation |2.563 |2.382 ]0.289 |0.312 12.711% | 15.1%
5. Isolated 2.274 12.070 ]0.000 ]0.000 0.00% 0.00%

One can see from experimental results that the largest error obtained using
the neglecting method, and the small error is obtained using the short-circuiting
method. The method of direct measurement gives error larger than 15%.

3.2.2. Stray capacitance compensation for ECT sensor

Method of short-circuiting tested on the two different 12 electrode ECT
sensors. Agilent E4980A precision RLC meter with Option001 used for
capacitance measurement. Capacitances between adjacent electrodes (1 and 2)
and opposite electrodes (1 and 7) were measured using stray capacitance immune
and stray capacitance compensation methods. Table 3 presents measurement
results.

Table 3. Capacitance between electrodes measurement results

Sensor | electrodes | method C, fF U*, U*, diff*, | diff*,
fF % fF %

1*, empty 1-2 Stray 424.058 | 0.562 | 0.133
immune

1*, empty 1-2 Stray 424.062 | 0.311 | 0.073 0.004 1 0.00
compensated

1*, empty 1-7 Stray 4.158 0.169 | 4.069
immune - 138

1*, empty 1-7 Stray 4.101 0.093 | 2.268 | 0.057
compensated

2%, full 1-2 Stray 2249514 | 0.566 | 0.025
immune

2%, full 1-2 Stray 2249.867 | 0.313 | 0.014 0.353 1 0.02
compensated

2%, full 1-7 Stray 30.821 0.433 | 1.016
immune

2%, full 1-7 Stray 31.315 0.238 | 0.760 0.494 | 1.59
compensated
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U* - uncertainty type A, p=95%; diff* - difference between measurement results;
1* - sensor with 160 mm diameter, electrode length 160mm and 25 mm electrode width;
2* - sensor with 45 mm diameter, electrode length 100mm and 9.5 mm electrode width.

One can see from experimental results that the measurement results using

both methods are almost the same for the capacitance between adjacent
electrodes and not exceeding 1.6% for capacitance between opposite electrodes.

3.3. Prototype of compact size and low power ECT hardware

The block diagram of the hardware prototype is presented in Fig. 13.

Cref
S
§ 16 16 channel
b Y. SPDT ACAM
g < 7 » Switches g PicoCAP <> Data
% y PS021 Acquisition
© Board

Fig. 13. Block diagram of compact size low power ECT hardware

Microchip PS021 is used for capacitance measurement. This microchip is
based on capacitance discharge time measurement and allows measurement rate
up to 50 kHz, resolution up to 6 aF, wide range of capacitances (OfF — 10nF) and
has extremely low current consumptions (down to 10nA), but this microchip is
not stray capacitance immune. Above described stray capacitance compensation
method and capacitance measurement microchip PS021 allows to design new,
compact size, stray immune and powered by battery ECT hardware.

Each electrode should be connected either to ground or to measurement
circuit. It is enough only one SPDT switch per electrode while using classical
stray immune system at least 4 switches are needed 11. The one switch per
electrode allows switch mounting directly on electrode and minimizes the biggest
stray capacitance — capacitance of coaxial cable C, 21. The design of compact
size, low power and low price ECT hardware prototype is shown in Fig. 14.
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‘ Fig. 14. Prototype of compact size, low power and low price ECT hardware

The prototype of hardware designed for up to 16 electrode sensors and can
be easily extended by adding additional switch circuits. Switch circuits and the
capacitance measurement circuit are controlled by data acquisition board. Data
acquisition board with the high-performance microcontroller (AT91SAM7X) is
used for high speed applications and ultra-low-power microcontroller (MSP430)
is used for powered by battery data acquisition board.

4. EXPERIMENT AND CONCLUSIONS

Using the described ECT measurement unit and a 8 electrodes sensor some
measurements with the mixture of oil and air were performed. In the figure 15
below two images are shown. The images were reconstructed from ECT
measurements performed for mixtures containing respectively 20% and 50% of
oil. As an image reconstruction algorithm the common Landweber iterational
method was chosen. 100 iterations were calculated with the relaxation parameter
equal to 0.5. Red color on the images points the regions where the oil appeared
during the experiment.
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Fig. 15. Reconstructed images of mixture oil and air

The following conclusion can be drawn concerning the improvement
of AC-based ECT hardware:

e Additional switches for electrodes connection to measurement
circuits prevent hardware from signal saturation, which is
accompanied by a significant drop of the hardware temperature and
therefore minimization of power dissipation.

e Suggested feedback switching for charge amplifier makes ECT
hardware more flexible and suitable for ERT measurements.

e Additional calibration point allows calibration of AC gains to be
made which results in a more flexible system that can be more
suitable for any kind of 2D or 3D sensors, especially when the
distance between electrodes located in different planes need to be
compensated.

The following conclusion can be drawn concerning a new concept of ECT
hardware based on a new method for stray capacitance compensation. The new
method allows using of all known capacitance measurement methods for ECT.
Designed compact size, low power and low price ECT hardware can be powered
by battery. The system can be used in deep sub sea oil wells near by end of pipes.
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MODYFIKACJA UKLADU POMIAROWEGO
W ELEKTRYXCZNYM TOMOGRAFIE
POJEMNOSCIOWYM

Streszczenie

Elektryczna tomografia pojemnosciowa (ECT) jest stosowana w celu
pozyskania rozktadu przenikalnosci elektrycznej badanego materiatu
umieszczonego pomigdzy elektrodami. Technika ECT jest szybkim,
nieinwazyjnym i tanim system diagnostycznym. Prawdziwym wyzwaniem dla
konstruktoréw systeméw ECT jest opracowanie sprzgtu elektronicznego do
pomiaru bardzo matych zmian pojemnosci migdzy elektrodami czujnika
dodatkowo obarczonych duzymi warto$ciami pojemnosci rozproszonych i
pasozytniczych. Biezaca praca rozwiazuje dwa problemy: poprawa obwodéw
pomiarowych AC systemu ECT o nowy kompaktowy sprzet przez co pomiar jest
bardziej stabilny i doktadny. Nowa koncepcja w zakresie projektowania sprzgtu
oraz algorytm pomiaru zostala potwierdzona poprzez symulacj¢. Dodatkowo
autorzy przedstawiaja nowe rozwiazanie w wersji mobilnej - kompaktowe;j.
Gtéwne zalety kompaktowych tomograféw ECT sa ich niewielkie rozmiary,
niski pobér mocy oraz niska cena.

Politechnika F.6dzka
Katedra Informatyki Stosowane;j
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