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ABSTRACT

An Electrical capacitance tomography system has beeﬁ developed. The system
consists of data collection system and reconstruction algorithm. The data collection
system consists of sine wave generator circuit, amplifier circuit, detector circuit, filter
circuit, RMS-to-DC converter circuit and A/D converter circuit. Capacitance data from
data collection system used for reconstruction cross-section image of object by linear
back projection algorithm. An iterative method has been also used to improve the
image quality. In experiments the minimum and maximum capacitance between the
electrode pairs was found about 0.1245 pF and 2.6760 pF respectively. The
reconstructed images of the large size of object closely resemble the cross-section of

the specific test phantom more than small one.
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INPUT LOGIC LOW MIN =-0.5 VOLTS , MAX =0.8 VOLTS
INPUT LOGIC HIGH | MIN =2.0 VOLTS ,MAX =5 VOLTS
OUTPUT LOW VOLTAGE PORTS (I-SINK = 1.7 mA) 0.45 VOLTS

OUTPUT HIGH VOLTAGE PORTS (I-SOUCE =200 uA) 2.4 VOLTS

POWER CONSUMPTION 300 mA

SIZE HALF SLOT (13X 11 CM).

PORT 3 (8255 /0 PORT 3 X 8 BIT)
CONNECTOR 3 (34 PIN)

DECODE PORT

8 POSITION DIP SW.




20

T

i

P

ﬂﬂﬂﬂﬂﬂﬂﬂﬂ%ﬁﬂﬂﬂﬂ%ﬂﬂﬂﬂJﬂﬂﬂ=m=-H4==»

T

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

_____________ o
2223328 25483885 OUUDDLLD| |2xERI227 ESERERBRE QUDODDBD| (25523227 S5oBIssE Jooopose

1 o — - -
22y = 85883885 Ia;<<:]‘" %ol BEERA8E_E Izl?<<§u
=" £

il S B 255 B

8255

ul

BO

B1

B2

B3

B4

BS

B6

B7
7415245

|—}_U
1 A

nnnnnnnn
<L llﬂg

SENRIL8E l¥
"
]
o TEI2TIIT wE|d o cEmDIcer 838335
ol WajE g

IO
MM

|
=] &
nnnnnn e= 4

DIP SWITCH

-PACI

DO
DI
D2
D3
D4
Ds
D6
D7
g
N
Al
A2
Al
RES
AEN

A

A

A

A

Al

Al

A

A

vceh

SLOTPQ +5v ——{VCC
aNDTL
L3

514 3.8 29958 luvesnIfa ET—8255

9 [ $ -7 é 1
ﬁTﬁi‘Uz‘l’ﬁ 3.8 meaﬂymmwmmm{ﬂ ET—8255 “ﬁﬁ%%ﬂi%ﬂ@'ﬂ@s{?ﬂ 299U
A ' o 2 o Y A a s e 7 ' ad
nlﬁiy‘]ﬂ't] ’ﬁ'ﬁu‘ll@@ll't]“]i 8255 cmmﬁmmﬂuauwwwaimmzmwwmwm*n Lmzﬁ’mmm"lew

° Y o A Jd A = a s  J
'mﬁum°lumsmammmmﬁmmwe51/1 19 ll@"l)’ 74LS688 , 74L.S139 UAZANTAINY



21

H
= d J

TudTuvesled 8255 Hazfiwesnldau 3 nefnuaywesnaruaudn 1 wesnlas

t o

1 i [ Jd 8, J
enfies1danled 8255 is1zdesdedyguniuguldfmeinarunuites mualinesy

[2e0] a

=) g

& ¢ o Y A& a ? ¢ & S

e 3 wosnimihdudunnwesnusewynwein Tasluszuumudeyailszivua
¢ o o 4 )

wosnnanua ltiiueniunnesy Fa9z1d Tnualunisaiuguilulnua o uaznealnsa

A s dl
TAA(Control Code) 80H $aaunsouansseazideadaglii 3.9

D7 D6 D5 D4 D3 D2 DI DO

DLl [ [o]e] —» sm

A —F—»
8255
4

+>
INPUT —> C { 4 OUTPUT

——>

B%

317 3.9 Anvmzwesnvedled 8255 uavdaygnunugy

. A 5 ¢ 4 qy
ludiuvesmsiaenuaamsalunisldauvsensa ET—8255 Saz dieaase 3008

4 . ;
§430BH #nwazidunlumsldeuneamsamuisouaasdemsei 3.3

A157199 3.3 M3 lFnuLeaRTEYeINISA ET — 8255

msumsldnesnluniodluInsnoufiunefueenida ET-8255
wuoaunesnluniedluTnsneniiunes m3ldaunesnvesmsa ET-8255
300H PORT A 8255#1
301H PORT B 8255#1
302H PORT C 8255#1
303H CONTROL PORT 8255#1
304H PORT A 825542
305H PORT B 8255#2
306H PORT C 825542
307H CONTROL PORT 825542
308H PORT A 825543
309H PORT B 8255#3
30AH PORT C 825543
30BH CONTROL PORT 825543




22
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3.8 2993vENBA YWY (Amplifier Circuit )
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(Capacitance Simulation)
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a I x y .
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wnu (4.9) adlu (4.7) 214
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w, =5225¢d [LVa,. -Vajds];éej

=l j=I
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y W ! J
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4.16)
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CY = [Va, Va,ds
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Medium 1

Medium 2
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Q, = Z(Ccﬁ)n,. (4.25)
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Electrical Capacitance Tomography System For
Industrial Applications

Apinai Rerkratn, Chanrit Yossontiku, Thanakom Lertpakdee, Kitiphol Chitsakul and Manas Sangworasil

Abstraci— An electrical capacitance tomography system (ECT)
has been developed. The system consists of a circular sensor with
8 electrodes. A charge generator injects charges into the sensor
filled with objects different dielectric constants. The charges, in
the form of potential dropped, on another electrode are measured
and acquired digitally to a PC for calculating the capacitance and
estimating the dielectric distribution. Linear back-projection
algorithin (LBP) with iferations is applied for reconstructing
cross sectional images of the sensor. Some experiments as the
sensor filled with vegetable oil and a Teflon bar placed on a
specified area was carried on. We have found that the minimum
and maximuwn capacitance between the electrode pairs is about
0.1245 pF and 2.6760 pF respectively. These very low capacitance
values suggested that the measuring circuit being implemented
should have high sensitivity and also be insensitive to noise. The
reconstructed images of the object closely resemble the
cross-section of the specific test phanlom. The low gray level
artifacts, however often present in the reconstructed image
because of the limitation o( the LBP nlgomlun. This may be
unprowd by using image thresholding or using suitabl
of iterations.

Index Terms— ECT, Capacitance Measurement, Process
Monitoring, Process Tomography.

1. INTRODUCTION

Electrical Capacitance Tomography is a modality used to
visualize a cross section of an object filled in a defined sensor.
Based on detection of electric charges on an electrode as
another one used to inject the electric charges into the object,
the method has been developed for visualizing the dielectric
distribution in industrial two-component flow processes
[11-[3], such as oil/gas or water/oil flow in pipelines. It has
advantages of being noninvasive, inexpensive, simple to
implement and enabling high-speed image reconstruction. We
propose in this paper a simple and inexpensive system by which
validity has been shown promising results.
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I1. CALCULATION OF POTENTIAL DISTRIBUTIONS AND THE
CAPACITANCE

Review Stage Our problems involve electrostatic fields and
can be characterized by Laplace's equation,

Ve (v, ¥)Vx,»)]=0 o)

where g is the permittivity of free space.

&,(x,p) is the relative permittivity of medinm in
two dimensions.

¢(x,y) is the potentinl distributions in two
dimensions.

Due to the physical model, the finite element method is
employed to caleulate numerically the poteatial distributions in
the objects filled in the sensor. The capacitance used for
developing the sensitivity distribution are estimated from the
number of charges on the detecting electrodes using the
cbtained potential distributions and done through Gauss’s law
in two dil ions. The capacit are given by,

c=4 @
.

where V¢ is the potential difference betweea the source
electrode and the detecting electrodes.
qare the charges distributed oa the detecting electrodes.

III. IMAGE RECONSTRUCTION

Linear back-projection algorithm (LBP) [4] is used for
approximating the dielectric distribution in cross-sectional
image. To improve the image quality, the iteration is applied. In
reconstructing process, the image area is divided into 3025
pixels with gray levels represented by (G(p)). The gray level for
the pd‘ pixel can be calculated from the following equation,

L@ ®

31
gM-

G)="5%
2 XS

=y}

where p is the sequence number of pixels.
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1 15 the sequence number of the source electrode.
3 15 the sequence number of the detecting electrode
(4 is the normalized capacitance given by,

c G -G~ ;1=1.7,j=i+1.8 (4)

> - -C,""'""

where : 15 the measured capacitance.
& ;“"""‘" and C ;‘“""""' are the capacitance when the

sensor 1s filled with different substances,
S,(®) is the relative capacitance change between

electrode pair 1-j and given by,

- 1
[ ot 5 _ o~ Sbdswonei 7| 5
5‘,,,;=C- _ < —1 2 4y | ©
C -Gy {h..—..; l Pow—
where C, : WHanEl 7 s the capacitance benween electrode

pair 1-3 when only the pixel p is assigned to has the relauve
permittivity of sub e2 and the ining pixels have that of
substancel

Eupzonace 1 208 Egpinace 215 the relative permuttivity
of filled substance no.1 and substance no.2 respectively.
A, is the cross-sectional image area.

.4,,, 1s the area of pixel p.

Linear back-projection based on iterative algorithm can be
written as

G,., =G, +aS(C - 5G,) (6)

where  k is the k™ iteration
« 15 the relaxation parameter of the iteration.
C is the normalized capacitance.
S 15 the relative capacitance change.

The gray level 1s displayed by the number of integer 0-255,
and 15 calculated as mentioned above.

IV. SENSOR FOR EXPERIMENTS

The sensor used in our experiments 15 a circular cross section
sensor made from a pelyvinyl chloride pipe of 114 mm m
diameter. The 8 electrodes made form copper sheets are
symmetrically mounted on the periphery around the pipe with 5
mm. apart from neighboring and covered by I mm. thick epoxy
resin. The size of each electrode is 100 mm. 1n length and 40
mm. in width. Besides, a copper shield 15 placed on the outer
surface of the frame for resisting any electrical interferences.
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V. DATA COLLECTION SYSTEM

Data collection system consists of §X2 multiplexer circut
used to define the patterns of charge injection and potential
measurement. A signal generator applies 500 KHz sine-wave
though a pair of electrode which the other side attached to a
stray-immune detector [3]-[6]. Then altemating current flows
to the detector providing voltage at the output. The voltage
from detector will be amplified before sending to band pass
filter (500 KHz) for rejecting any interference. An analogue
multiplier circuit based on a square law technique consequently
provides demodulated signal from the band pass filter. Squared
amplitude signals from the muitiplier circuit consist of DC and
1 MHz sine-wave components. A low-pass filter with cut-off
frequency 10 KHz is used to reject 1 MHz component. The DC
signal from low-pass filter is sent to a square rooter circuit to
obtain the DC leve! corresponding to the capacitance of under
measuring. The capacitance measurements are performed by
the following manner. Only one electrode, called the source
electrode. 1s applied by a positive potential, another one, called
the detecting electrode. 1s switched to detector circuit and the
rest electrodes are kept at earth potential as the copper
shielding. The charges between electrode pair 1-2, 1-3, ... 1-8
are measured. Subsequently, the charges between electrode
pairs of 2-32-4. 2.8 are measured. The remamning
independent charge measurements are achieved in this manner.
Finally a total of 28 measurements are performed

VI. EXPERIMENTAL RESULTS

A Teflon bar (2=2.76) was placed in the sensor filled with a
vegetable oil (2/~=3). Then the 28 charge measurements
between the electrode pairs were camried on with data
collection. The data were sent to a microcomputer for unage
reconstruction by using typically 10 iterations. The results are
displayed i gray level
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- ma s ® o225 2 898K
Fumber of measurement
Fig. 4 Capacitance of measurement
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Fig 5 Phantom, Reconstruction images and capacitance of

measurement (1 object).
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Fig. 6 Phantom, Reconstruction images and capacitance of
measurement (2 object)

VII. CONCLUSIONS AND DISCUSSION
The ECT system has briefly described in this paper. The
main components are circular cross section seasor with 8
electrodes, electronic systems for charge injection and for
acquiring the data. The LBP algorithm based on iterations was
implemented using Delphi® programming language for
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reconstructing the images on a PC. The capacitance values
between 28 electrode pairs were measured as the sensor filled
with vegetable o1l and a Teflon bar placed on specified area. To
improve 1image quality, 10 typical iterations of image
reconstruction were performed. In the experiments the
minimum and maximum capacitance between the electrode
pairs was found about 0.1245 and 2.6760 pF respectively
These low capacitance values suggested that the
measunng circuit should have high sensitivity and also be
insensitive to noise. The reconstructed images of the large size
of object closely resemble the cross-section of the specific test
phantom more than the small one. The low gray level artifacts
often present in the reconstructed image because of the
limitation of the LBP. but this can be improved by using a
thresholding method or using sustable number of iterations

very
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