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Application of GVSPM to Reconstruction of Solid-Air
Two-Phase Flow CT Images
(Comparison with Landweber and Iterative Tikhonov Regularization Methods)

Masahiro TAKEI*® and Yoshifuru SAITO

*3 College of Sci. and Tech., Nihon University,
1 8-14 Kanda Surugadai, Chiyoda-ku, Tokyo, 101-8308 Japan

A new reconstruction method called Generalized Vector Sampled Pattern Matching (GVSPM)
has been applied to an ill-posed inverse problem involving an electrical capacitance CT for solid air
two-phase flow. This new mehod is able to achieve stable convergence without the use of an
empirical value. This accurate reconstruction is accomplished using an objective function that is
calculated as the inner product calculation between the experimental capacitance and the recon-
structed image capacitance. The GVSPM method is compared with the conventional Landweber
(LW) and Iterative Tikhonov regularization (ITR) methods in terms of capacitance residual, image
error and image correlation. Overall, the accuracy is strongly dependent upon the image type and
the iteration number, however the GVSPM method proved superior to the LW and the ITR methods
in the case of annular pseudo particle images.

Key Words: Multiphase Flow, Computed Tomography, Image Reconstruction, Generalized Sam-
pled Pattern Matching Method, Ill Posed Inverse Problem
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Table 1. Differences between Landweber, Iterative Tikhonov regularization and GVSPM

Normalization of C Normalization of Se Empirical Objective function for Convergence at
value converg, infinity iteration
w Every iteration with Initial normalization with each row a necessary None Unknown
0.0and 1.0 element
TR Every iteration with Initial normalization with each row y necessary Minimum least square  Convergence
0.0and 1.0 element
GVSPM  Every iteration with Normalization with norm of column Unnecessary  Inner product between Convergence
norm vector as well as initial normalization C®and C'®

LW: Landweber ITR: Iterative Tikhonov regularization GVSPM: Generalized vector sampled pattern matching
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Fig.8 Image correlation, Image error and capacitance residual in the case of bottom image.
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Fig.9 Image correlation, Image error and capacitance residual in the case of annular image,
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Fig.10 Image correlation, Image error and capacitance residual in the case of center image.
1
02 —— 6 %M 0.8
— — - = g
NN = e 06 S
S ol .-//':r//*-cvsm S Lo4 m;_:k\".._;:
/ i A4 2 T —_
= - ITR T 02
0 Ol R
50 100 0 w0 0 50 100
DCR [%] DClg (%] DCR [%)
(a-1) I=30 (b-1) I=30 (c-1) I=30
» 1
02 —— H(’ ::/\,,IM 08—
5 =z bt ol = v
Vol s ““GVSPM H — 0 ~———
7 . ; ~ 04 1
7 ~ITR [] 02
[y —— i = 0 — . -
50 100 e o ° 50 100
R [%
DR 1=100 (b-2) I=1 oyt
(a) Capacitance residual. (b) Image error. (c) Image correlation.

Fig.11 Image correlation, Image error and capacitance residual in the case of four-bulk image.
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Table 2. Best method for image types
Image type Best reconstruction method
Bottom image LW
Annular image GVSPM
DCR<80% LW
1<40
Center image DCR>80% ITR
>40 GVSPM or LW
Four - bulk image Difficult to judge

GVSPM: Generalized sampled pattern matching
ITR: Iterative Tikhonov regularization
LW: Landweber
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{b) Reconstructed image by Iterative Tikhonov
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(¢) Reconstructed image by GVSPM
Fig.12 Reconstructed images
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Fig.13 Convergence process by GVSPM
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