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A Particle Swarm Optimization Algorithm Integrating Chaotic Mapping and Opposition-Based
Learning for Microseismic Localization in Deep Rock Masses
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Abstract: To address the issues of a complex solution space, strong nonlinearity, and easy entrapment in local optima in
microseismic localization, the application of swarm intelligence optimization algorithms in microseismic localization was
systematically investigated. By comparing the performance of the sparrow search algorithm (SSA), differential evolution (DE)
algorithm, and particle swarm optimization (PSO) algorithm in single P-wave localization, it was found that PSO algorithm
exhibited the best performance in terms of solution stability. To further increase the localization accuracy and enhance algorithm
robustness, S-waves were introduced to construct a dual-wave joint localization model, reducing the inversion space from four
dimensions to three dimensions. The experimental results indicate that the dual-wave joint localization significantly
outperformed the single P-wave localization, where PSO algorithm achieves the lowest average localization error in the dual-
wave joint localization and demonstrated good adaptability. To overcome the shortcomings of the PSO algorithm, such as
premature convergence and sensitivity to initial values, an adaptive improved particle swarm optimization (APSO) algorithm
integrating opposition-based learning and chaotic mapping was proposed. Opposition-based learning was utilized to generate a
high-quality initial population, while chaotic mapping achieved the dynamic adjustment of the inertia weight to balance the
global exploration and local exploitation capabilities. The numerical experimental results indicate that the average localization
error of APSO algorithm at multiple typical source points is lower than that of the standard PSO algorithm, with the average

localization error reduced by approximately 62.4% , and it exhibits stronger stability and convergence efficiency. This method
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provides an effective tool for high-precision microseismic localization in deep rock mass engineering and has promising prospects

for engineering application.

Key words: Microseismic localization, Particle swarm optimization algorithm. Chaotic mapping. Opposition-based learning,

Dual-wave joint localization
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Fig.1 Schematic of microseismic signal waveform
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Table 1 Sensor coordinates
IR T 5 X AeFR/m Y A #R/m Z HFR/m
1 0 10 7
2 10 10 3
3 0 20 3
4 10 20 7
5 0 30 7
6 10 30 3

*2 BERLE

Table 2 Source point coordinates

i

ST S X AEFR/m Y AR /m Z MR/ m

b

1 15 30 15
2 25 40 25
3 35 50 35
4 45 60 45
5 55 70 55

*3 EMNRERME
Table 3 The optimal value of location error
Ef S T 3 3 Y S AT R 22 B AL/ m
Tk Wk 1 2 3 4 5
SSA  0.648 2 2.3935 6.867 7 13.064 3 17.208 9

;‘é DE 0.6455 4.337 2 5.5557 4.923 4 28.927 4
PSO 2.386 0 5.5355 2.1175 4.0131 22.891 3
_ SSA  1.063 6 2.7454 2.5086 6.6925 5.0807
EAST S
g ) 1.588 8 4.3839 3.708 9 10.782 9 24.024 2
& E L
PSO 1.5638 3.1571 3.6460 8.9059 6.077 4
F4 EMREFHE
Table 4 The average value of location error
w0 e A [ 7 R S A R 22 P 44 {E /m

Ik Bk 1 2 3 4 5
SSA  50.627 7 72.203 9 49.847 1 48.914 7 71.592 7

;1@ DE  73.443 4 78.937 5 52.586 7 51.046 0 66.274 8

PSO 46.484 7 67.624 5 51.072 0 55.079 4 66.604 2

_— SSA 2.258 5 14.261 0 11.846 3 26.143 3 41.363 0

%,{EEH E 3.111 6 11.900 2 11.242 2 27.730 9 57.988 4
ERIER A

PSO 1.588 8 12.419 5 6.508 0 13.893 1 42.370 2
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Fig.2 The location principle of APSO algorithm
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Table 5 The optimal value of location error of

the two algorithms

T 52 VR R E i DR 28 e A {E/m

Rk -

1 2 3 4 5
PSO 1.458 5 3.246 5 3.098 8 8.754 7 4.745 1
APSO 0.516 6 0.689 9 1.305 6 3.374 9 2.867 2

ko6 WMHEEIEMRETLHE
Table 6 The average value of location error of
the two algorithms
A 7] 522 R B E L 1% 2 T (K / m
1 2 3 4 5
PSO 2.097 2 18.298 1 17.2154 26.4838 61.3199
APSO 0.571 5 0.722 8 6.108 2 8.446 0 31.303 2

Wk

PIRP SR A RO AU L 7, 3R 7 AT
A i APSO 78 5 AR AU F E AU BN 86.60
U W T PSO Y 78.75 WL MM #y 10.0% ., %I
GO AR R R RCR T e R H 3 AP LR A R B
LARZUE AL 2 ], APSO LU i 8 A ) 2 AR AR 1 L fil
SENLIRZE T HIEM 18,298 1 m BEE 0.722 8 m, X
DL A ROkE b 1 5 2l R SOT WAL i il APSO
P LR AT T 0 4 - X kA7 B 58 70 19 =) 3o 4
2R TSR AU RO B AT R L S8 T (A
FER) W E R T, X R — P ENE T APSO 1
R ETF R Z 103K U A R
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Table 7 The number of effective iterations of

the two algorithms
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Fig.3 The location error of the two

algorithms after correction
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Table 8 The average value of location error of

the two algorithms after correction

AN T 7 R 53 1) 5 6 4R 22 °F- {1/ m

Bk
1 2 3 4 5

PSO 4.539 4 6.084 8 12.658 8 22.890 6 19.844 2
APSO 3.737 3 7.263 0 7.244 8 8.856 0 20.027 5

. A 1) 7 R A R R/ T
Rk

1 2 3 4 5

PSO 85.32 86.12 75.82 76.66 69.84
APSO 81.96 87.58 86.70 88.22 88.56
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L& R, APSO W fL #e ik — 28 . &OE IS
APSO TERRIE AL 1.3 .4 1 715 22 °F- ¥ {H (3.737 3
m.7.244 8 m.8.856 0 m)¥JIKTF PSO(4.539 4 m,
12.658 8 m.22.890 6 m) . Jt HAE ¥4 i B 24 14 75 R A5
3 FIRR R A 4, R 2 B IR 433k 42,8265 61.3%0., X
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