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Maximum Entropy Algorithm of Image Reconstruction by SMW Formula and

Its Application to Satellite Yohkoh Hard X-ray Telescope Imaging
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Summary

A new algorithm of maximum entropy that is effective whenever the number of data is much
smaller than that of unknowns is proposed using the Sherman-Morrison-Woodbury (SMW)
formula of matrix in the scheme of Newton iteration for Lagrangian function minimization.
The algorithm has been applied to the image reconstruction of solar flares with the hard X-ray
telescope aboard the Satellite Yohkoh for solar observation. Result was good in computational
efficiency and reliability with the change of the regularization parameter value in a wide
range. For optimizing the parameter value, the generalized cross validation (GCV) that is
extended to the nonlinear regularization proved useful, suggesting a weaker regularization in

comparison with the criterion of x°.
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Fig. 5 Change of the reconstructed image f,, GCV; and the mean square | with the regularization
parameter y (cut-in illustrations: 3-dim. display of f, in arbitrary unit with 6464 pixels). HXT

data: hda920207.1127, Ch. M2, 11:54:21-11:54:27
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Fig. 6 y-dependences of GCV and the mean square
in two definitions: nonlinear effects of the entropy
function. GCV; is minimized for y=7.63x10 % HXT
data: hda920207.1127, Ch. M2, 11:54:21-11:54:27
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Fig. 7 Solar flare image Jf, reconstructed for
y=3.05X10"° (min. GCV},); contours are drawn for
70.7-12.5, 8.8, 6.25, 44 % (1/4/2) step. Dotted lines
show latitudes and longitudes every 2° on solar
surface. HXT data: hda920207.1127, Ch. M2, 11:54:21-
11:54:27
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Fig. 8 Change of f,, GCV, and &!(y) with the regularization parameter y on another HXT data:
hda921102.0434, Ch. L, 5:29:7.6-5:32:49.6. Cut-in illustrations show the 3-dim. profiles of f, in arbitrary

unit with 64 X 64 pixels.
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Fig. 9 y-dependences of GCV and the mean square
in two definitions on HXT data: hda921102.0434, Ch.
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Fig. 10 Solar flare image J, reconstructed for
y=477x107° (min. GCV,) from HXT data: hda
921102.0434, Ch. L, 5:29:7.6-5:32:49.6; contours and
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Fig. 12 Result of simulation: y-dependences of
GCV,, GCV,, €}, €2 and the measures of estimation
error 6; and 6}2; min. é‘; for y=8.69X 10 %, min. 54? for
7y=6.10x10"°
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Fig. 13 Statistical change of the 7 values that are selected by criterions of min. GCV, (1), min.
GCV, (), X(y) =1(A), min. 67 (X) and min. 8! (+); the initial value of random number was
changed 100 times. Marks at the bottom (y=10"" indicates that GCV, and 55 failed in taking
minimum, monotonically decreasing with 7 in the range of r= 1075
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Table 1 Averages and variances of the 7y values
that were selected with three criterions in the

simulation of Fig. 13.

criterion average of y | variance of 7

min. &7 7.2x107° 21x107°

min. GCV} 9.8x107° 3.6x107°

ey =1 9.0X107° 7.2%10°°
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