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Tikhonov regularization based on second order derivative matrix
for electrical capacitance tomography image reconstruction
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Abstract: Tikhonov regularization method is widely used in certain inverse problems. A regularization term
is introduced to lessen the ill-posedness in inverse problems. In order to improve the quality of image
reconstruction for electrical capacitance tomography, a second order derivative operator is introduced to
sharpen the reconstructed images. Simulation results show that, in comparison with standard Tikhonov
regularization method, the method with the second order derivative operator for regularization provides
reconstruction results with clearer contours. In addition, the method is adaptive to all test models and not

sensitive to the initial solutions.
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Table 1 Comparison of simulation results based on standard Tikhonov and different second order derivative matrix
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Table 2 Relative image errors and correlated coefficient corresponding to simulation results shown in Table 1

Regularization Item 1 Il ik v \ VI

L=1 error 0.4073 0.2149 0. 3358 0. 3141 0. 5980 0. 6525

r 0.9156 0.9533 0. 8921 0. 8777 0. 8163 0. 7449

2 0. 0000001 0. 0028 0. 004 0.0013 0. 000014 0. 00007

L=L, error 0. 4009 0.1903 0. 3882 0. 2685 0.6018 0.6277

r 0.9194 0. 9648 0. 8582 0. 9145 0. 8029 0. 7627

2 0. 0000001 0. 058 0.0002 0. 045 0. 0055 0.0018

L=L;s error 0. 4056 0.1919 0. 3853 0. 2700 0. 6130 0.6261

r 0.9182 0.9642 0. 8601 0.9136 0. 7964 0. 7605

“ 0. 0000001 0.0068 0. 00002 0. 005 0. 0007 0.0002

L:% (Ls+Ly) error 0.4041 0.1915 0. 3863 0. 2695 0. 6097 0. 6266
r 0.9186 0. 9644 0. 8596 0.9139 0.7979 0. 7620

7 0. 0000001 0.016 0. 00005 0.012 0.0014 0.0005
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Table 3 Relative image errors based on different initial solutions

g Item 1 il Il I\ Vv Vi
based on LBP error 0. 4056 0.1919 0. 3853 0. 2700 0. 6130 0.6261
© 0. 0000001 0.0068 0. 00002 0.005 0. 0007 0. 0002
0 error 0. 4098 0.2121 0. 3845 2794 0.6158 0. 6365
" 0. 0000001 0. 0055 0. 00002 0. 005 0. 0007 0.0002
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