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Tikhonov Regularization Method for Deflectometric
Tomographic Reconstruction

Zhang Bin Song Yang He Anzhi
(Department of Information Physics and Engineering, Nanjing University of Science and Technology , Nanjing 210094)

Abstract: The problems arising in the computed tomography area are well known for their high dimensions and ill-
posed. Tikhonov regularization method is developed to reconstruct temperature distribution from deflectometric
projection data. Beam deflection angles obtained from moiré deflectograms are integrated to optical path length
differences, and a modified regularization method is applied to the linear projection equations. The conjugate gradient
method is used to compute the regularized solution for the least-square equations. In numerical simulation, the
approach produced reliable reconstructions by computing underdetermined equations and overdetermined equations
respectively for asymmetrical distribution. The average errors were 2.1% and the maximum value errors were 5.2 %
after 10 iterations, which provided a good indication of the precision and convergence of the method. The
experimental results of reconstruction from real projection data were satisfactory when compared with the
reconstruction results by deflection angle revision reconstruction technique (DARRT) and the direct thermocouple

measurements.
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Fig. 1 Schematic diagram of the beam deflection
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Fig. 2 Three kinds of elements having different relationships

with their neighbor elements. (a) Elements in the
crank points, (b) elements along the edge, (¢) all the

rest of the elements
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Fig. 3 Numerical simulation for reconstruction. (a) Exact field, (b) the reconstruction distribution by computing

underdetermined equations, (c¢) the reconstruction distribution by computing overdetermined equatuions
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Fig.4 Error curves. (a) Error curves of computing underdetermined equations, (b) error curves of computing

overdetermined equations
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Fig.5 Schematic diagram of rotatable moiré deflectometric

system
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Fig. 6 Moiré deflectograms of temperature field. (a) Before heating, (b) §=40°, after heating, (¢) §=80° after heating
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Fig. 7 Reconstructed temperature distribution at a designated section. (a) Three-dimensional asymmetric temperature

field, (b) temperature contour map
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Table 1 Comparison of temperature values and reconstruction errors at three critical points by different

measurement and reconstruction methods

Number of P, P, P
iterations t/C E/ % t/C E/ % t/C E/ %
Thermocouple 153 126 69
DARRT 100 148 3.3 124 1.6 67 2.9
Regularization 10 146 4,6 129 2.4 67 2.9

DARRT: Deflection angle revision reconstruction technique
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