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Abstract: Objectives: Iterative Tikhonov regularization and iterative Landweber regularization are
currently the two most commonly used iterative regularization algorithms, which can effectively
solve the ill-posed problem during the continuation process. However, their optimal combination of
iteration times and regularization parameters has not yet been determined, which limits their
practicality. Methods: This paper constructs the concept of quasi-optimal regularization factor set
and analyzes the distribution of iteration numbers and regularization parameters in the quasi-optimal
regularization factor set. Based on this, a selection criterion for the optimal combination of iteration
number and regularization parameter in iterative regularization algorithms is proposed, and a
formula for using the L-curve method to obtain the optimal regularization parameter corresponding
to the number of iterations is provided. Results: The study on the relationship between the extension
error of iterative regularization algorithms and the variation of regularization factor sets shows that
there is a significant correlation between the optimal regularization parameters and the number of
iterations in the quasi optimal regularization factor set. When the number of iterations exceeds 10,
the extension solutions corresponding to each quasi optimal regularization factor set are basically
identical. When the number of iterations is large enough, any quasi optimal regularization factor set
can be considered as the optimal regularization factor set. The iterative regularization algorithm
based on the selected strategy in this article has a smoother extension solution and smaller error
compared to the traditional Tikhonov regularization method. However, in areas with significant data
changes, some high-frequency signals are filtered out as noise, and the extension effect is not
significantly improved. Conclusions: The iterative regularization algorithm based on the selected
strategy in this article has a smoother and smaller error extension solution compared to the
traditional Tikhonov regularization method, which shows reliability and practicality.

Keywords: Downward Continuation, Tikhonov Regularization, Iterative Regularization, L-curve.
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Tab. 1 Statistics of simulated observations/mgal

ZA i KNAH i /ME FHME Y%=
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iz HS HA 36.010 -55.787 -17.842 23.234
[ e e 7.190 -7.742 0.000 1.994

I 2SRRI 4 38.547 -58.506 -17.842 23.315
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Fig. 2 Simulated airborne gravity disturbance
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Tab. 2 Statistics of difference between continued values and true values/mgal
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Fig. 3 L-curve diagram Fig. 4 Curvature diagram of L-curve
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Fig 6. Variation curve of continued errors with regularization factors of iterative
Tikhonov regularization method
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Fig. 7 Distribution of regularization factors in the quasi optimal regularization factor set
of iterative Tikhonov regularization method(Color indicating continued errors)
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Tab. 3 Statistics of difference between continued values and true values

WARrA ERE ENASE mRME &AME CPE W E
10 2.277 18.277 -24.695 0.013 3.915
20 4,823 18.539 -25.083 0.013 3.935
%4 Tikhonov 1EN

EAR it 30 7.375 18.626 -25.215 0.013 3.943
40 9.833 18.613 -25.170 0.012 3.936

(a) n=10 (b) n=20

(¢) n=30 (d) n=40

&l 8 &4 Tikhonov IEALEAFIEARIKEL L &2 &
Fig. 8 L-curve diagram of different iteration times of iterative Tikhonov regularization
method

(a) n=10 (b) n=20



(¢) n=30 (d) n=40
A 9 AR Tikhonov IENALIEAR FEIEARIRE L #hLR R A&
Fig. 9 Curvature diagram of different iteration times of iterative Tikhonov regularization
method
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Fig 10. Difference between continued values and true values of iterative Tikhonov
regularization method
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Fig. 11 Variation curve of continued errors with regularization factors of iterative
Landweber regularization method
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Fig. 12 Distribution of regularization factors in the quasi optimal regularization factor set
of iterative Landweber regularization method(Color indicating continued errors)
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Tab. 4 Statistics of difference between continued value and true values

WiRrA ERE ENSE mRME &AME CPE W E
10 0.363 19.098 -25.847 0.012 3.9671
20 0.190 18.886 -25.534 0.012 3.9493
4% Landweber 1E 4L
30 0.129 18.828 -25.457 0.012 3.9466
40 0.098 18.773 -25.367 0.012 3.940

(a) n=10 (b) n=20
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Fig. 13 L-curve diagram of different iteration times - iterative Landweber regularization
method
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Fig. 14 Curvature diagram of different iteration times - iterative Landweber regularization
method
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Fig. 15 The difference between continued values and true values - iterative Landweber

regularization method
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