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Parameter inversion of probability integral method based on improved

sparrow optimization algorithm
BAI Jicheng', WANG Jianmin®, LI Xiao', LI Yanhui', ZHANG Zhijun'
(1. No.1 Mine, Pingdingshan Tian'an Coal Industry Company Limited, Pingdingshan 467000,
China;2. School of Geomatics, Liaoning Technical University, Fuxin 123000, China)

Abstract: In order to solve the problem that the sparrow optimization algorithm (SSA) has slow convergence
speed and is easy to fall into local optimal solution in the parameter inversion calculation of mining subsidence
prediction model, an improved sparrow optimization algorithm (ISSA) is proposed. The algorithm adds Kent
mapping to the population initialization process to enhance the uniform distribution of population individuals. The
foraging behavior of the parrot optimization algorithm is introduced in the location update of the discoverer, and
the safety value is adjusted according to the fitness. In order to improve the performance of the algorithm, the t
disturbance distribution and the lens reverse learning strategy are combined. WOA, SSA and ISSA are used to
invert the parameters of probability integral method (PIM) respectively. The PIM with inversion parameters is used
to simulate the sinking value, anti-rough error interference ability and anti-random error of the experimental
working face. The results show that compared with WOA and SSA, the PIM simulation effect using ISSA inversion
parameters is the best. The ISSA is applied to an engineering example, and the results show that the calculated
value of the PIM model using ISSA inversion parameters is closer to the actual value. The research conclusion
provides a reference for improving the accuracy of subsidence prediction and mining area disaster detection.
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lens-based reverse; learningmining subsidence
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Tab.1 design values and fluctuation ranges of probability integral parameters

SRR q b 0/(°) tanf S,/m S,/m S,y/m S,/m
BEHE 0.9 0.3 85 23 45 45 45 45
e I 0.7~1.1 0.15~0.45 82~88 1.9~2.7 45~55 45~55 45~55 45~55
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Fig.2 layout of observation point locations for design
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Tab.2 simulation experiment parameter inversion results and relative errors

GeiHE RS q b 0/(°) tanf S,/m S,/m S/m S,/m
WOA 0.900 8 0.298 3 22927 85.022 8 50.917 3 49.4877 522947 48.543 3
HiRE SSA 0.899 1 0.3017 23123 85.020 0 50.870 2 49.003 7 51.412 4 48.6252
ISSA 0.900 1 0.300 7 2299 1 84.999 3 49.848 4 50.341 9 49.741 8 50.225 8
WOA 0.09% -0.56% -0.32% 0.03% 1.83% -1.02% 4.59% 2.91%
AHXT 1R 2 SSA -0.10% 0.57% 0.53% 0.02% 1.74% -1.99% 2.82% -2.75%

ISSA 0.01% 0.24% -0.04% 0 -0.30% 0.68% -0.52% 0.45%
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Tab.3 comparison of settlement value and design measured value under different algorithm inversion parameters and residual

B LT E/m WoA SA 155AA
PUFEE/m § 2% TR A /m Be2: TURE(E/m §i 2%
1 -3.024 2x107° -3.382 8x107° 3.586 2x10™" -2.524 3%107'° 4.999 4x10™ -3.046 2x107° 2.201 3x107"?
6 -3.884 6x10° -4.067 1x10° 1.824 9x10°¢ -3.580 7x10°° 3.039 0x10° -3.889 2x10° 4.677 6x10°
11 -5.806 0x1072 -5.857 0x107 5.109 0x10™* -5.679 0x1072 0.001 3 -5.798 0x107? 7.840 0x10°7
16 -1.4840 -1.4811 0.002 9 -1.4835 4.980 2x10* -1.4826 0.0015
21 -2.6347 -2.635 1 3.277 8x10* -2.634 0 7.044 0x10™ -2.6347 7.345 8x107
26 -2.662 8 -2.6639 0.001 1 -2.661 4 0.001 4 -2.6629 9.693 4x107°
31 -2.660 8 -2.6618 0.001 0 -2.659 5 0.001 3 -2.660 9 7.875 0x107
36 -2.246 1 22431 0.003 0 -2.247 4 0.001 4 -2.2450 0.001 1
41 -3.313 8x10"! -3.319 3x10" 5.484 3x10* -3.283 1x10™ 0.003 1 -3.308 9x10™! 4.900 1x10*
46 -1.220 0x10° -1.250 0x10° 3.4170x10° -1.160 0x107 6.298 0x107 -1.220 0x10° 2.744 8x107
51 -5.760 2x10° -6.253 0x10° 4.927 4x107 -5.026 9x10° 7.333 4x107 -5.785 7x10° 2.542 1x107°
56 -2.700 0x107 -2.740 0x107 3.619 0x107 -2.570 0x1073 1.251 6x10™* -2.710 0x107 1.333 3x10°
61 -4.762 110! -4.744 3x10™! 0.001 8 -4.726 7x10™! 0.003 5 -4.766 6x107! 4.481 9x10™
66 -2.400 9 -2.3980 0.003 0 224013 3.320 2x10™ -2.400 9 2.2210x10°
71 -2.563 8 25629 8.662 6x10™ -2.563 4 4.067 1x10* 225639 4.169 5x107
76 -8.355 7x10"! -8.320 0x10! 0.003 6 -8.323 5x10™! 0.003 2 -8.360 3x10! 4.601 1x10™
81 -1.061 0x107 -1.069 0x107 8.280 2x10° -1.023 0x107 3.792 3x10™* -1.065 0x107 4.090 0x107
F4 AREFERBSETIMEETNEEXT 3.3 mMETHEE
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Tab.5 inversion results and relative errors of anti gross error parameters of different algorithms

28 RS q b 01(%) tanf S,/m S,/m Sy/m S,/m
WOA 0.908 1 0.293 3 22471 85.030 7 48.5613 52.112 4 51.6222 49.247 8
SERE SSA 0.909 3 0.292 2 22274 85.039 4 49.476 9 51.608 5 50.634 0 51.248 7
ISSA 0.907 0 0.293 4 2.248 4 84.988 0 49.685 1 50.281 4 50.5252 50.242 8
WOA 0.90% -2.25% -2.30% 0.04% -2.88% 4.22% 3.24% -1.5%
AHXT 1R 2 SSA 1.03% -2.61% -3.16% 0.05% -1.05% 3.22% 1.27% 2.50%
ISSA 0.78% -2.19% -2.24% -0.01% -0.63% 0.56% 1.05% 0.49%
6 TEEERES M T G2 T E FE B X b & ST, WOA. SSA. ISSA i S 41
Tab.6 comparison of prediction accuracy of anti-outlier A XE 1R 22 B KB A R 4.22% . 3.22%. -2.24%,
settlement value under inversion parameters of each B /IMEST M 0.90% . 0.02% . -0.01%, ISSA &L
algorithm FE SR AR 225/ T WOA FI SSA L
—_ wos SsA ISSA M4 R 6 nl 0, 51 A2 5 i ke 1 Y

Epyep /Mm  R/mm  Epy g /mm  R/mm  Epy,o/mm R/mm RMSE B R{EFE, Ui 2ZEAFAEN S E U

SE 1] 869 1653 803 1389 538  9.60 b2 e ol N S| B = A TS (TR - A RN X (=N SRR U8
M AKL 225, ISSA S 18 S B0 TR T &5 S ATS
LT WOA FISSA . X J& i T ¢4 8 43 A3 FBiA% I
Bk 903 W63 836 877 646 BT jiyay ) RE WS L T DT o S O VAN MR f

fisa) 6.37 10.15 6.05 10.22 5.82 9.60
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Tab.7 anti-random error parameter inversion results and relative errors of different algorithms

Giitit RS q b 0/(°) tanf3 S,/m S,/m Sy/m S,/m
WOA 0.904 0 0.296 9 22814 85.020 3 51.178 9 47.426 8 50.943 5 48.7813
ZERI(Y SSA 0.903 9 0.298 1 2.2854 85.020 5 50.797 2 48.104 5 50.937 4 48.858 5
ISSA 0.903 3 0.299 4 2.296 7 85.004 1 50.280 1 50.0527 50.264 9 49.484 9
WOA 0.45% -1.02% -0.81% 0.02% 2.36% -5.15% 1.89% -2.44%
LERORES SSA 0.43% -0.64% -0.63% 0.02% 1.59% -3.79% 1.87% 2.28%
ISSA 0.36% -0.19% -0.14% 0 0.56% 0.11% 0.53% -1.03%
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Tab.8 comparison of prediction accuracy of anti-random

error settlement value under different algorithm inversion

parameters
o WOS SSA ISSA
FURIIERS
E /mm R/mm E /mm R/mm E, /mm R/mm

RMSE RMSE RMSE'

A 9.83 17.81 10.80 18.39 9.20 17.08

i ) 8.86 17.76 9.42 18.20 8.00 14.75

EZEN 8.33 32.66 11.63 46.20 7.77 30.32

2 7RI H1, WOA. SSA. ISSA F i &1y
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Tab.9 results of actual engineering parameter inversion and root mean square error

Geitik Bk q b 0/(°) tanf S,/m S,/m S,/m S,/m
WOA 0.991 8 0.2340 24730 82.557 8 69.955 5 11.999 3 143157 -18.193 0
SERIE SSA 1.048 3 03134 24430 83.803 7 68.613 9 10.946 0 38.000 1 -25.688 8
ISSA 0.987 6 0.254 7 2.497 8 83.434 4 795775 20.966 2 10.978 4 -16.275 4

WOA 0.07 0.11 0.02 1.49 3.93 6 9.17 8.45

B a2 SSA 0.03 0.06 0.04 1.12 4.17 5.14 9.18 8.57

ISSA 0 0.02 0 0.65 0.81 3.52 4.15 4.12
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Tab.10 fitting accuracy of actual engineering subsidence values

o WOS SSA ISSA
Egyse /mm R/mm Egyse /mm R/mm Epyge/mm R/mm
] 112.08 307.33 106.69 297.83 99.96 281.47
i 1) 144.60 389.50 157.35 399.65 143.75 284.62
0 0r s
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Fig.3 comparison of observed and fitted subsidence values
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Fig.5 inversion parameters of different algorithms fit three-dimensional subsidence of mining area
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