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Abstract: The essence of the downward continuation of airborne gravity anomalies is to solve the first kind of
Fredholm integral equation, which is an ill-posed problem. Stable and high-precision downward continuation meth-
ods have always been a research hotspot in this field. This research has been conducted on data expansion to sup-
press edge effects and enhance computational efficiency through the use of the fast Fourier transform. To increase
the depth of downward continuation, improve stability, and enhance continuation accuracy, six downward continu-
ation methods—the integral iterative method, Tikhonov regularization iterative method, Barzilai-Borwein (BB)

method, iterative least squares method, semi-iterative method, and conjugate gradient normal residual (CGNR)
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method—were comparatively analyzed using simulated and actual airborne gravity anomaly data. The results indi-
cated that the BB method has the fastest convergence rate under the ideal condition of no noise in the data, with a
low initial mean square error of continuation and high accuracy, thus showing a clear advantage. The iterative least
squares method is insufficiently stable. The Tikhonov regularization iterative method produces an increase in error
before reaching a stable continuation state, and it has a relatively high initial mean square error with a continuation
effect that is generally similar to that of the other methods. After adding noise to the simulated data, the improved
CGNR method showed the best noise suppression effect. Moreover, this method is capable of achieving stable
downward continuation in the process of actual data continuation, with a continuation accuracy that is superior to
that of the other five methods.

Keywords: airborne gravimetric data; downward continuation; frequency domain; conjugate gradient normal

residual method; integral iterative method
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Table 1 Parameter settings of the mass source model
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1 151.040 24.040 0.808 1.850x10"
2 151.050 24.105 0.756 1.800x10"
3 151.075 24.075 0.767 1.950x10"
4 151.100 24.038 0.756 1.850x10"
5 151.100 24.119 0.808 -1.850x10"
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Table 2 Comparison of time and accuracy of extension calculation
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Table 3 Comparison of the accuracy of edge extension for different variables and downward continuation
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Relationship between continuation accuracy and iteration number. (a) Conjugate gradient normal residual method (CGNR) for
V expansion, the mean square error with different expansion numbers as a function of the number of iterations; (b) CGNR for
B expansion, the mean square error with different expansion numbers as a function of the number of iterations; (¢) CGNR for
V and B expansion, the mean square error with different expansion numbers as a function of the number of iterations; (d) Inte-
gral iteration method, the mean square error with different expansion numbers as a function of the number of iterations;
(e) Tikhonov regularization iteration method, the mean square error with different expansion numbers as a function of the
number of iterations; (f) BB method, the mean square error with different expansion numbers as a function of the number of
iterations; (g) Iterative least squares method, the mean square error with different expansion numbers as a function of the num-
ber of iterations; (h) Semi-iterative method, the mean square error with different expansion numbers as a function of the num-
ber of iterations; (i) Selecting the better extrapolation effect, comparing the mean square error as a function of the number of
iterations for the six cases; (j) Comparing the average relative error as a function of the number of iterations for the six cases
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Fig.2 Contour map of simulated data
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Fig. 3 Downward continuation contour map
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Table 4 Comparison of the accuracy of downward continuation with 5% noise added
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Fig. 5 Contour map of simulated data under a 5% noise condition

- 35
—5
~ oo ch
=t I
— 300 Z20
Es
i
R 1.0
o5
0 0
0 20 40 60 80 100 0 20 40 60 80 100
ESAR/C1 127N ARUEIK

(a) (®)

SEARREE SIEMRIRBIIR AR (BN 5%) . (a) SEHIRREEE IR ZEZEN VI, AR IAH 475 R 22 REEAK S
BAEKE DL (b) FRHUBE FZk Ak 220 B Y™, AR LB 75 3R 22 RIS R Bl (o) SRHERE RE %A
BREEFEXT VA B Y0, AR BT R Z AR BT L (D) BRI IEAGEA R L E ) 75 R 2 RIS
RBEMAE DL (o) Tikhonov IE MIALIEAEAN RS 14 £ #4977 1% Z BEE AR ERAL I BL; () BB A Y 14 %)
BT iR ZREIE IR G (@) BAED ZIRIEA Y 1L B 277 132 22 BEIEARRBRMAE 0L (h) A0 T5
EA R LB TT R Z RSB B (D BBV ISR RCR X LN A B0 1477 % 22 B AR L
0L (GO R H NG LT PR R Z RS AR B A L

Relationship between continuation accuracy and iteration number (5% noise). (a) Conjugate gradient normal residual method
(CGNR) for V expansion, the mean square error with different expansion numbers as a function of the number of iterations;
(b) CGNR for B expansion, the mean square error with different expansion numbers as a function of the number of iterations;
(c) CGNR for V and B expansion, the mean square error with different expansion numbers as a function of the number of iter-
ations; (d) Integral iteration method, the mean square error with different expansion numbers as a function of the number of iter-
ations; (e) Tikhonov regularization iteration method, the mean square error with different expansion numbers as a function of
the number of iterations; (f) BB method, the mean square error with different expansion numbers as a function of the number of
iterations; (g) Iterative least squares method, the mean square error with different expansion numbers as a function of the num-
ber of iterations; (h) Semi-iterative method, the mean square error with different expansion numbers as a function of the num-
ber of iterations; (i) Selecting the better extrapolation effect and comparing the mean square error as a function of the number
of iterations for the six cases; (j) Comparing the average relative error as a function of the number of iterations for the six cases
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Table 5 Comparison of time and accuracy of extension calculation under 5% noise
‘ - /N /N WizsE S i I I E T
HEH 55 THAFERT/ms i i N ] )
AN IRZE/mGal | R22E/mGal | SEREEYE/mGal | SR ERAE/mGal | SR SR {E/mGal
AT e Y wiN 5180 0.140 1.533 6.140 7.154 7.234
TikhonovIEMfki%4% 9981 0.148 1.687 6.141 7.154 7.243
BB 5458 0.133 1.474 6.140 7.154 7.183
SRR N ek 11683 0.033 0.368 6.140 7.154 7.203
S AR 10372 0.033 0.373 6.141 7.154 7.193
LA vk 1) e 2 vk 8780 0.032 0.363 6.143 7.154 7.132

YR EAE 1500 m A2 47, BIFE e N ZE 40 4000 m
KA. ) R IEPRUREEAE 30 %5 S PE LAY, B E 18R

0] N 2E % Y R RS N 200%200. 52 R X 18 G
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Table 6 Longitude and latitude coordinates of corner points in
the experimental area
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38.400 —103.200
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Table 7 Comparison of calculation time and accuracy of actual data extension

2 ] /N fizs H Hb A EE ) JIE 7AW
BT e /ms
AFR2E/mGal | 1%22/mGal | SR EEE/MGal | FHEPEYE/mMGal | 5HEdEE/mGal
A v L WES 2088 0.257 2.829 -18.150 -16.415 -18.673
TikhonoviE M L% 4290 0.251 2.814 -18.150 -16.415 -18.774
BB 5080 0.251 2.813 -18.150 -16.415 -18.772
AR/ N ik 4423 0.250 2.811 -18.150 -16.415 -18.769
Ry T 3721 0.244 2.786 -18.150 -16.415 -18.773
R E 15 17 5 2 1 7501 0.248 2.753 -18.150 -16.415 —18.649
Tikhonov 1F 4L %8 . Barzilai-Borwein 75 . 1% (in Chinese).
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bU &N I 0 7 VR IR
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f) N IE R R SRR
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fR¥%. Tikhonov IE U1k 7772 M1 BB ik 2 K EUAH F
R, PUERURAE, RELEVNE 2R EGES,
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