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SUMMARY

In electrical impedance tomography(EIT) array of electrodes are
attached on the boundary of an object and small alternating currents
are injected through these electrodes, and then the resulting voltages
are measured. An estimation for the cross—sectional resistivity
distribution of the object or changes in it 1s obtained by using these
current and voltage measurements made on the boundary on a
nondestructive manner.

This thesis i1s concerned with the interfacial boundary estimation in
stratified flows of two immiscible liquids using electrical impedance
tomography. Flows of two immiscible liquids in pipelines are of
particular interest In many engineering applications. As a typical
example, liquid hydrocarbons transported in pipelines over long
distances (for example, crude oil, gasoline, diesel) often contain free
water. Knowledge of the binary mixture flow 1s of importance in the
design and operation of such systems. Electrical 1mpedance
tomography(EIT) may be a promising method to measure the
interfacial boundary in flows of two immiscible liquids because of its
non-intrusive characteristics and high temporal resolution. The
interfacial boundary os parametrized with front points and the unknown
positions of the front points are estimated based on the relationship
between the injected currents and the induced boundary potentials. It is
assumed that the interfacial boundary moves during the time taken to
collect a full set of independent measurement data. In order to find the

unknown interface, the front point locations are treated as state



variables, which are tracked through the unscented Kalman filter
approach. Numerical experiments are successfully conducted for the

verification of the proposed approach.
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Table 1. Parameters used in simulations for assessing the impact of

measurement noise in 10 front points case with 1:100 contrast ratio.

EKF UKF
1% white| 2% white | 3% white | 1% white | 2% white | 3% white
Parameters| Gaussian | Gaussian | Gaussian | Gaussian | Gaussian | Gaussian
Noise Noise Noise Noise Noise Noise
Q 0.01p, 0.01p, 0.017p, 0.01p, 0.01p, 0.01 7,
R 410°%1 | 4x10°%7 | 9x10*%L | 1x10°%7 | 1x10°%7 | 3x10%1,
P, 0.01p, 0.01p, 0.01p, 0.01p, 0.01p, 0.01 7,
¥ 0.0001 | 0.00001 | 0.0001 - - -
a - - - 1.5 1.5 1
B - - - 2 2 2
K - - - 0 0 0
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frames

(b)
Figure 5. Results with 10 front points for scenario 1 with measurements
perturbed by 1% white Gaussian noise and contrast ratio of 1:100: (a)
reconstructed boundaries after every 4 current patterns. True profile (=), EKF
(-x-), and UKF (-0-); (b) RMSE comparison between EKF and UKEF.
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Figure 6. Results with 10 front points for scenario 1 with measurements
perturbed by 2% white Gaussian noise and contrast ratio of 1:100: (a)
reconstructed boundaries after every 4 current patterns. True profile (=), EKF
(-x-), and UKF (-0-); (b) RMSE comparison between EKF and UKEF.
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Figure 7. Results with 10 front points for scenario 1 with measurements
perturbed by 3% white Gaussian noise and contrast ratio of 1:100: (a)
reconstructed boundaries after every 4 current patterns. True profile (=), EKF
(-x-), and UKF (-0-); (b) RMSE comparison between EKF and UKF.
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Table 2. Parameters used in simulations for assessing the impact of
measurement noise in 10 front points case with measurements perturbed by

196 white Gaussian noise.

EKF UKF
Contrast Ratio | Contrast Ratio | Contrast Ratio | Contrast Ratio
Parameters

1:1000 1:10000 1:1000 1:10000
Q 0.01p, 0.01p, 0.01p, 0.01p,
R 5x1051; 6x10 "I, 4x10 1, 4x10 51,
P, 0.01 I O.lL\ 0.01 I 0.01 I
Y 0.00001 0.0001 - -
a - - 1.5 1.5
B - - 2 2
K - - O O

st2 BojEnh sk Wil EKFY 4% 9459 A= vg v=2A vEd

o
o
o:
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Figure 8. Results with 10 front points for scenario 1 with measurements
perturbed by 1% white Gaussian noise and contrast ratio of 1:1000: (a)
reconstructed boundaries after every 4 current patterns. True profile (=), EKF
(-x-), and UKF (-0-); (b) RMSE comparison between EKF and UKEF.
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Figure 9. Results with 10 front points for scenario 1 with measurements
perturbed by 1% white Gaussian noise and contrast ratio of 1:10000: (a)
reconstructed boundaries after every 4 current patterns. True profile (=), EKF
(-x-), and UKF (-0-); (b) RMSE comparison between EKF and UKEF.
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Table 3. Parameters used in simulations for assessing the impact of 10 front
points case.

EKF UKF
12 Front| 14 Front | 16 Front | 12 Front | 14 Front | 16 Front
Parameters - . . 4 g .
Points Points Points Points Points Points
Q 0.01p, 0.01 7, S " 0.01p, 0.01p, 0.01 7,
R 5x 1087 4 4% 1084 ¢ 2 10 a7 6x10* I, 4x10 4 I, 4x10° I,
P, 0.017, Wy, 0.01p, 0.01, 0.01p, 0.01 7,
Y 0.00001 | 0.0001 0.0001 - - -
a - - - 1.5 1 1.5
B - - - 2 2 2
K - - - 0 0 0
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Figure 10. Results with 12 front points for scenario 2 with measurements
perturbed by 1% white Gaussian noise and contrast ratio of 1:1000: (a)
reconstructed boundaries after every 4 current patterns. True profile (), EKF
(-x-), and UKF (-0-); (b) RMSE comparison between EKF and UKF.
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Figure 11. Results with 14 front points for scenario 3 with measurements
perturbed by 1% white Gaussian noise and contrast ratio of 1:1000: (a)
reconstructed boundaries after every 4 current patterns. True profile (=), EKF
(-x-), and UKF (-0-); (b) RMSE comparison between EKF and UKF.
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Figure 12. Result with 16 front points for scenario 4 with measurements
perturbed by 1% white Gaussian noise and contrast ratio of 1:1000: (a)
reconstructed boundaries after every 4 current pattern. True profile (=), EKF
(-x-), and UKF (-0-); (b) RMSE comparison between EKF and UKF.
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