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Calculation method for mining subsidence combining probability
integral method and SBAS-InSAR
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Abstract: To address the issues of local optima and inaccurate edge subsidence predictions in the pa-
rameter inversion process of the mining subsidence probability integral method, the authors propose ap-
plying the dung beetle optimizer algorithm to invert probability integral method parameters and integrate
SBAS-InSAR subsidence monitoring values to obtain comprehensive subsidence information for the min-
ing area. The method first utilizes gradient information from SBAS-InSAR technology to obtain reliable

subsidence values for areas with small deformation gradients in the mining area. It then applies to the
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dung beetle optimizer algorithm, known for its strong optimization capability and high accuracy, to in-
vert the parameters of the probability integral method and calculate subsidence values for areas with
large deformation gradients. Finally, the subsidence values from the probability integral method and
SBAS-InSAR monitoring are fused using a quadratic distance weighting method approach to derive the
mining subsidence deformation information for the mining area. Using the 10604 working face of the
Malan Mine in Gujiao City, Shanxi Province, as the study area, experimental analysis was conducted
using data from 62 field leveling monitoring points and 25 Sentinel-1A images. The results indicate that
the parameter inversion using the dung beetle optimizer algorithm is excellent, and accurate subsidence
information can be obtained after data fusion. This approach improves accuracy by 59% compared to u-
sing SBAS-InSAR alone and by 32% compared to using the probability integral method alone.

Key words: mining subsidence; probability integral method; dung beetle optimizer algorithm; SBAS-

InSAR; data fusion
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Table 1 Comparison of accuracy of expected simulated

subsidence values by PIM

Jiik T HIUREE T2 25/ mm
PSO ik 1.48
GA B3k 2.01
DBO #i: 1.15

®2 BMERFESHREERI

Table 2 Comparison of parameter inversion results by PIM

SOESHCE I
28 WilE
PSO Hik  GAFIL DBO Hk

q 0.8 0.78 0.78 0. 80
tan B 2 2.02 2.01 2.00
6/(°) 89.5 89. 50 89. 52 89. 58
S,/m 20.2 18.99 19.39 20. 90
S,/m 22.9 20. 56 20.28 22.24
Sy/m 21.5 20.31 20. 46 21. 67
S,/m 21.5 19. 68 18.75 23.52

®3 MERSESBRRERBEILL
Table 3 Comparison of accuracy of parameter

inversion results by PIM

2 SRR 2/ %
PSO Hik GA ik DBO 5.1
q 2.24 1.98 0.56
tan 8 0.76 0.74 0.13
o 0.01 0.02 0.09
5 6.01 4.00 3.47
S 10.23 11.43 2.90
53 5.53 4.82 0. 80
Sy 8.48 12. 80 9.40
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