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spherical objects are put inside the sensor in a variety of
positions. Therefore, there will be obtained image with
different variations. The image data is then compared with the
original image to determine its correlation value. The resulting
image is scanned with two scanning method i.e. conventional
combinations and full combination scanning to compare which
scanning method is the preferable result.

Abstract— This paper describe process tomography based on
capacitance measurement namely Electrical Capacitance Volume
Tomography (ECVT). The capacitance tomography is used for
imaging object from capacitive sensor. The simulation has been
done by designing 64 channels capacitive sensor to reconstruct
three spheres of objects by applying conventional combination
and full combination scanning methods. Data were collected by
means of changing the position of three spherical phantoms
inside capacitive sensor in various positions. Then the image
reconstruction result is compared with actual object to obtain the
correlation of the image. Quantitative assessment shows that the
average value of correlation coefficient (CC) is 0.45 while the
average of mean absolute error (MAE) is 0.1. As visually seen,
the image reconstruction from simulation process of 64 channels
capacitive sensor has successfully reconstructed three object
spheres arranged in row. This work proves that image
reconstruction from full combination scanning has a good image
compared with conventional combination scanning, as shown
with higher mean absolute error (MAE) and lower coefficientcorrelation (CC).
Keywords—Electrical Capacitance
capacitive sensor; scanning method.

Volume

II. CAPACITIVE SENSOR DESIGN
In this research, 64 channels cylindrical capacitive sensor
has been designed. The sensor is divided into eight levels
which are each level consisting of eight electrodes. The size of
electrode is 3x3 cm while the sensor diameter is 9 cm as
shown in Fig. 1.

Tomography;

I. INTRODUCTION
Electrical Capacitance Volume Tomography (ECVT) is
volumetric tomography that can image the object in three
dimensions (3D) directly [1]. ECVT is extension from ECT
(Electrical Capacitance Tomography) whose the resulting
image is in two dimensions (2D) [1,2]. Principle of 3D
tomography in ECT is by means of scanning the capacitive
sensor in one slice, and then move to another slice and so on
until whole electrodes are scanned [3,4]. In ECVT, scanning
process of capacitive sensor can be performed thoroughly from
bottom electrode to the top of electrode directly, so as to obtain
the capacitance measurement data. Hence, the data could be
reconstructed into image directly.
The capacitive sensor that have been developed generally
for 16, 24, up to 32 electrodes which has limited applications
for short and small object [5,6,7,8]. For this reason, there are
needs to develop 64 channels capacitive sensor to
accommodate the application for long and many objects. To
observe the 64 channels capacitive sensor’s performance, three
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Fig. 1. Proposed 64 channels capacitive sensor with 8×8 electrode design
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Sensitivity in ECVT sensor design is variation of electric
field intensity in three dimensional volumetric domains (x,y,z).
This concept related to the sensitivity variance as difference
between maxima and minima of electrode pair and absolute
sensitivity strength of the total sensitivity values from all
electrode pairs with respect to a certain voxel [1]. The
sensitivity distribution in axial direction is shown in Fig. 3.
The convergence of image reconstruction process depends on
the difference variation between maximum and minimum
value in one layer, and smoothness of the slope of sensitivity
distribution curves along axial direction. If one layer has more
variation and the slope is smoother, it could be easily
converged.

Scanning is a way to obtain data from capacitive sensor,
where the amounts of data are depends on number of electrode
and the scanning method. This study applies conventional
combination and full combination methods. The electrode
arrangement and scanning process are depicted in Fig. 3. The
scanning method in ECVT generally uses a conventional
combination method to acquisition data, which is for one
measurement employ one electrode pair (one excitation and
one detection). In addition, a new scanning method is used i.e.
full combination scanning, while this method basically similar
with conventional combination, the difference is the
measurement data are taken twice on each electrode pair. The
method is activating one electrode pair and then measured the
capacitance signal. Subsequently, it will change polarity of the
electrode pair, excitation into detection, vice versa, and then
measure the capacitance signal.

III. RESULTS AND ANALISYS
The performance of 64 channels capacitive sensor has been
simulated using three static spheres object with 3 cm diameter
arranged in a row (top, middle, and bottom). The result of
image reconstruction is evaluated by using image qualitative
observation, mean absolute error (MAE), and coefficientcorrelation (CC). Figure 4 shows the image reconstruction of
ECVT system using back-projection method. The algorithm
was described in previous work [9]. The pictures are divided
into four sections consisting of top-view object, actual image
used for comparison, conventional combination image, and
image with full combination scanning. The simulation is done
using 9 positions, i.e. in the middle of the sensor, position at
half pass ten, position at twelve o'clock, position at two thirty,
position at three o'clock, position at half pass five, position at
six o'clock, position at seven thirty, and position at nine
o'clock. All objects are compared one by one with the actual
object to obtain the value of coefficient correlation (CC) and
mean absolute error (MAE). The quantitative performance
measurements of the system are presented in Table 1 and
Figure 4.

Fig. 2. Axial distribution of normalized sensitivity for all electrode pairs (the
dead zones are indicated by the dashed line).

Based on Fig. 2, middle area of the sensor gives more
variations, while the area marked within dashed line is “dead
zone” area. This region is less varied, hence difficult to be
converged and the area is located in the edge of the sensor.
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TABLE I.

Position

1
Fig. 3. Electrode arrangement and scanning process in ECVT sensor
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QUANTITATIVE PERFORMANCE MEASUREMENTS

Scanning
method
Conventional
combination
Full combination
Conventional
combination

Mean
Absolute
Error
(MAE)

Coefficient
Correlation
(CC)

0.19

0.44

0.1

0.47

0.093

0.42

Full combination
Conventional
combination
Full combination
Conventional
combination
Full combination
Conventional
combination
Full combination
Conventional
combination
Full combination
Conventional
combination
Full combination
Conventional
combination
Full combination
Conventional
combination
Full combination

3
4
5
6
7
8
9

0.066

0.43

0.095

0.42

0.065

0.43

0.098

0.43

0.068

0.44

0.095

0.42

0.065

0.45

0.096

0.42

0.065

0.43

0.096

0.42

0.065

0.44

0.098

0.43

0.067

0.46

0.096

0.42

0.066

0.45

means the resulting of image reconstruction close to the actual
image and vice versa. The lower of MAE value means the error
of image reconstruction is smaller and vice versa. From the
simulation, it can be seen that the average value of CC is 0.45
and the average value of MAE is 0.1. The average of CC
obtained as 0.45 which indicates that the resulting of image
reconstruction does not quite resemble to the actual image due
to the characteristics of reconstruction algorithm that has
elongation error on the high contrast dielectric [1]. Based on
quantitative measurement, it can be seen that generally the
performance of the 64 channels capacitive sensor looks good,
except at object in the middle of the sensor (measurement
position number 1) showing MAE value is higher than the
others. Nevertheless, the object is still observable.
IV. CONCLUSION
We propose design of cylindrical 64 channels capacitive
sensor used for capacitance tomography application namely
ECVT. Based on the sensitivity simulation of the sensor, it
gives electric field intensity variation in three dimensional
volumes. The most sensitive areas are at the center of the
sensor due to many variations of the electric field, while at the
end of the sensor gives less sensitive results due to slight
electric field variation. This is proved by the results of image
reconstruction which gives a better image in the middle of the
sensor instead of the edge of sensor. According to the
quantitative assessment, the average value of the coefficient
correlation (CC) is 0.45 while the average of mean absolute
error (MAE) is 0.1. The simulation on the 64-channel cylinder
sensor gives good results. It shows that image reconstruction is
good enough so that the pattern is observable, although still
with some obscurities. According to the quantitative
measurement, the image reconstruction from full combination
scanning has a good image compared with conventional
combination scanning which is also supported by higher mean
absolute error (MAE) and lower coefficient-correlation (CC).
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Fig. 4. Performance comparisons of object with MAE and coefficient
correlation (CC)

As visually seen, the image reconstruction from simulation
process of 64 channels capacitive sensor has successfully
reconstructed three spheres object arranged in row. However,
at the edge of the sensor, image looks attracted towards outside
of the sensor. And also the object in the center adjacent to other
objects produces a slightly oval and upward image. According
to the quantitative measurement, the image reconstruction from
full combination scanning has a good image compared with
conventional combination scanning (Fig. 5 in the last page)
which is also supported by higher mean absolute error (MAE)
and lower coefficient-correlation (CC) in Table 1. Performance
comparison of the system is shown in Figure 4, which is MAE
value at bottom of chart and CC value at top of chart. The CC
and MAE has values between 0 to 1, which the higher value
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Fig. 5. Image reconstruction for three spheres object
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