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Abstract —Electrical capacitance tomography is now used in many industrial
processes for visualizations. There are several types of sensor structures in using
in the tomographic systems. The knowledge of their three-dimensional effects of
these structures is important. In this paper the results of relevant analyses are
given by use of the numerical method Finite Element Method (FEM). At last images
with different sensor structures are reconstructed and the corresponding Spatial

Image Errors (SIE) are given.

Keywords: electrical capacitance tomography, guard electrode, sensing field,

three-dimension

1. INTRODUCTION

Electrical Capacitance Tomography (ECT)
systems are the first tomographic system being
developed and commercially used in industrial
processes for multi-phase-flow measurements. In
some occasions there is the need of visualizing
the density distributions of materials inside a
black object, such as a fluidized bed, a chemical
reactor, a fractional column and so on, therefore
sensors with multi-level structures are designed
[1-4]. When the two-dimensional images of cross-
sections from each level are reconstructed, the
three-dimensional images inside the black object
are obtained by piling up these 2D images. The
analyses of the capacitance electrode array are
important for mastering the properties of the
sensors. Finite element method (FEM) is proved
to be an effective manner to simulate the sensor
structures. For these multi-level sensor
structures, three-dimensional analyses must be
proceeded to obtain the sensors’ properties in
detail.

In this paper three types of sensor structures
which can be used in visualizing the three-
dimensional situation of a black object are
analyzed. The authors first analyzed the axial
sensitivity attenuation and the capacitance
changes of different sensor structures at certain
positions. From that the axial sensing fields are
drawn. Then the cross-sectional sensitivity
distributions at the measurement electrode level
are shown. In the end, images with these
structures are reconstructed toward a certain
physical phantom, and the corresponding Spatial
Image Error (SIE) are calculated.

2. SENSOR STRUCTURES

When ECT systems are used to visualizing a
black object, several sensor structures can be
chosen from. One is a multi-level electrode
sensor array with same electrode size evenly
mounted on the surface of the inner or outer wall
of the container.

In the multi-level electrode sensor types, as
one electrode level is acted as measurement
electrodes, the other electrodes other than the
measurement electrodes are acted as axial
guards. The guard electrodes usually have two
selectable potentials: zero potential or potential
applied the same as the active electrode. When
the corresponding electrodes being at the same
position as the active electrode of the
measurement level in the cross sections are
made the same potential with the active
electrode, this kind of sensor structure is called
driven axial guards. This is called sensor type 1.
When the guard electrodes are all at zero
potentials, this kind of sensor structure is called
earthed axial guard rings. This is called sensor
type 2 in this paper.

The another sensor structure is a one-level
electrode sensor array without any axial guard
which can measure different position’s 2D cross-
sectional distributions by moving the sensor array
along the axial direction. This is called sensor
type 3 in this paper.

The above three types of sensor structures
are schematically shown in Figure 1 in which
there are 8 electrodes in each measurement level
mounted on the inner wall of the container. And
the whole sensor unit is wrapped by an earthed
screen to prevent external noise. Where h is the
height of the electrodes, d is the distance
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Figure 1: Schematic diagram of three types of sensor structures

(a) Sensor with driven axial guards;
(b) Sensor with earthed axial guard rings;
(c) Sensor without any axial guard

between the two electrode levels. Z is axial
direction. R, and R, are the inner and the outer
radius of the container respectively. And R; the
radius of the earthed screen.

3. AXIAL SENSITIVITY DISTRIBUTION

The sensitivity attenuation curves along axial
direction at two positions, i.e. near the active
electrode and near the Z-axis, are drawn in
Figure 2. The Si5(e) denotes the sensitivity of the
capacitance of electrodes 1 and 5 to the changes
of high permittivity material near the active
electrode. And the S;5(m) is that of electrodes 1
and 5 to the material presented near the Z-axis.
In the simulations, the relative structure
parameters are: R; =0.125m, the permittivity of
the container wall 0,=8, and the subtended

angle of the electrodes [0=10°. In all these
figures, curve 1 is wunder the condition of
R2:1.1R1, R3:1.25Rl, curve 2 is R2:1.15Rl,

R;=1.2R;, and curve 3 is R,=1.05R;, R3=1.15R;.
By the analyses the sensitivity attenuation
along the axial direction of type 1 is the slowest
among these three types. This means the
sensing field of this kind of sensor structure is
much wider than the measurement electrode
area. On the contrast, the sensing field of type 2,
i.e. the sensor structure with earthed axial guard
rings, is narrowed to a smaller range. But it
should be noted that there are negative sensing
fields beside it in the axial direction when the
measurement electrode level is closer to the
earthed guard electrode levels. And the sensing

field of type 3 is nearly the same as that of type
2. Figure 3 shows the sensing fields of type 1 and
type 2 on axial section.

4. CAPACITANCE CHANGES

When the absolute capacitance changes
related to the capacitance measurement circuit
are observed, it can be found that (C(k)-C,) of
sensor type 2 is several times smaller than that of
the other two types. Among them, the (C(k)-Co)
of sensor type 3 is the biggest when k is not at
the position near the detecting electrode (this will
be stated in the following section). This should be
taken into account when the resolution of the
capacitance measurement circuit is limited.

5. CROSS SECTIONAL SENSITIVITY
DISTRIBUTIONS

The cross sectional sensitivity distributions of
these three types are calculated by use of 3D
FEM, only two groups of them are given in Figure
4. And the distributions of type 3 are the same as
them of type 2. From the results of simulations,
the distributions of type 1 are special. In this
driven guard structure, the sensitivities at
symmetrical positions of the active electrode and
detecting electrode are not equal. The values
near the detecting electrode are nearly 10 times
larger than that near the active electrode.
Therefore, the sensitivity attenuation along the
axial direction near the detecting electrode is
different from that of active electrode. The
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attenuation curve is like that of type 2, also with
negative sensing fields beside it in the axial
direction when the measurement electrode level
is closer to the guard electrode levels. The
results imply that although the electric flux lines
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Figure 2: Sensitivities at positions near the active electrode and near the Z-axis along axial direction

(a) Sensor structure tvpe 1; (b) Type 2: (c) Tvpe 3
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6. IMAGE RECONSTRUCTION

To compare the properties of these sensor
structures, a roping flow regime is used as
physical phantom. The flow is moving around
the Z-axis, and the distance between the centre
of the rope and the certre of the flow (i.e. the Z-
axis) is Ry/2. In the measurement electrode
level, the centre of the rope is located at (x,
y)=(R/2102, R4/2/02). The cross-sectional area
of the rope is about 4.7% ofR,°. The improved
LBP reconstruction algorithm is employed and
three images at the measurement electrode
level are plotted in Figure 5. The boundaries are
not clear because of the inherent shortage of the
algorithm. The SIEs are given without and with a
threshold applied to the reconstructed images
[5]. As there is no threshold being used, the SIE
of sensor structure type 1 (see Figure 5(a)) is
6.88, and the SIEs of type 2 (Figure 5(b)) and
type 3 (Figure 5(c)) are 5.2land 4.99
respectively. While a threshold of(0=0.8 is
employed to reduce the low grey-level artefacts
presented in the images, the SIEs corresponding
to these three sensor structures are 0.53, 0.82
and 0.52.

z
! h=201
| I =20mm | (mm)
i d=10mm
i 280
|
I 240
!
200
i
i 1160
- driven guard.sensingfield 4120
- ! 480
!
earthed guard sensing field 40
|
s NN AR AN N
(] y 2125mm

Figure 3: Sensing field of two sensor types

(b)

Figure 4: Sensitivity distributions of type 1 and type 2 on the measurement cross section

(a) S12, S13, S14 and Sys of type 1; (b) Siz, Sis, S14 and S5 of type 2

7. CONCLUSIONS

It can be concluded from the 3D FEM
simulations that: (1) the widest range of
sensitivity in axial direction is from the sensor
structure with driven axial guards; (2) the
smallest absolute change of capacitance (C(Kk)-
Co) is from the sensor structure with earthed axial
guard rings; (3) the largest ratio of the absolute

change (C(k)-Cy) at the positions near the axis to
the positions near the active electrode on the
measurement cross-section (i.e. the XY plane) is
from the sensor structure without any axial guard
electrodes. And the results from the images
reconstructed show that the sensor structure
without any axial guard can present a similar
image with the original phantom.

351



1st World Congress on Industrial Process Tomography, Buxton, Greater Manchester, April 14-17, 1999

22

AN
‘7//; : \
i

il
AN

1
I/f/lll

()

Figure 5: Images reconstructed with sensor
structure type 1, type 2 and type 3

(a) With type 1; (b) With type 2; (c) With type 3
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