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Accuracy analysis of acoustic emission source of an iron mine based on

linear time difference algorithm and Geiger iterative algorithm

QU Jing' ,CHEN Junzhi',LI Yun®
(1. Kunming University of Science and Technology, Kunming 650032, China;
2. Zizou Iron Mine, Xinping Ludian Mining Co. ,Ltd. , Yuxi Yunnan 653401,China)

Abstract: As mining progresses to deeper development, the impact of ground pressure activities on mining is
becoming more and more significant. The application of acoustic emission source localization technology can
effectively monitor the ground pressure in real time and provide guidance for safe production. Positioning accuracy is
also the top priority of acoustic emission source positioning. The time difference positioning algorithm is more
common. The time difference linear positioning algorithm mainly constructs linear equations for algebraic method, which the
method is simple, while the disadvantage is that the equations may have no solution and the positioning calculation fails. The
Geiger iterative localization algorithm performs multiple iterations on the basis of selecting the appropriate iteration initial
value to obtain the positioning result. In principle, the linear positioning algorithm is more accurate than the time difference
linear positioning algorithm. In this paper, the linear positioning and Geiger iterative positioning algorithm in time difference
positioning were combined with the acoustic emission events in Yunnan monitored by the acoustic emission monitoring
system of large iron ore and analyzed. The error analysis of the positioning results obtained by the two positioning algorithms
was used to specify the applicability and accuracy of the two methods for engineering practice.
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Table 1 Sensor position coordinates

1B JRA% i = Nt 1) /m E(FR) /m Z(FE) /m
15 65 624 65 535 387
25 66 157 65 187 406
35 65 306 65 230 376
445 65 435 65 962 403
545 66 198 65 334 403
6 = 66 226 65 036 401
75 65 374 65 141 384
85 66 275 65 273 385
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Table 2 Calculation results of time difference linear positioning

H 3 G iy A7 B (f5 5 B 35 4% % R4 B 15 I [] /ms) i 1 25 SR (A A /m)
2019.5.6 145% t=[45.6 43.8 27.4 48.8 30.6 21.4 19.8 42. 8] * le-3 (64 231,65 854,396)
2019.5.7 597 t=[49.2 38.629.6 49.4 30.0 25.8 19.6 39. 8] x le-3 (64 125,65 215,384)
2019.5. 10 5% t=[28.038.6 16.4 28.4 40.8 38.0 42.2 11. 6] x le-3 (64 628,65 470,474)
2019.5.12 327 t=[40.6 40.2 25.8 50. 4 36.8 50.4 43.6 40.2] % le-3 (64 822,65 032,473)
2019.5. 15 157 t=[22.628.6 13.8 45.6 37.4 32.0 51.4 25.6] % le-3 (64 226,65 164,526)
2019.5.16 1887 t=[41.045.6 31.2 50.0 21.6 22.2 34.8 35. 0] * le-3 (64 138,65 773,465)
2019.5.18 2147 t=[48.8 41.6 12. 6 50.2 30.8 30.6 25.2 33.0] * le-3 (64 226,65 491,422)
2019. 5. 20 267 t=[39.838.221.6 49.6 40. 8 50. 2 48.0 30. 8] * le-3 (64 325,65 799,385)
2019.5. 23 2057 t=[52.6 45.2 30.8 44.6 26.6 20.0 15.4 39. 8] x le-3 (64 336,65 108,423)
2019. 5. 27 787 t=[24.629.8 23.2 39.8 22.8 34.2 50.0 21. 8] x le-3 (64 378,65 806,403)
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Table 3 Acoustic emission event positioning coordinates and arrival schedule
aw owpms ol PRARMAm
(N.E.2) L2 IR 27 IR 37 MLy A7 Ry 5T LIAR 67 LIS T RIERER 87 ey

2019.5.6 1457 (65 901,65 221,378) 45.6 43.8 27.4 48. 8 30. 6 21.4 19. 8 42. 8
2019.5.7 597 (66 524,65 363,377) 49.2 38.6 29.6 49. 4 30.0 25.8 19.6 39.8
2019.5.10 57 (66 845,65 985,401) 28.0 38.6 16. 4 28.4 40. 8 38.0 42.2 11. 6
2019.5.12 327 (65 223,65 423,392) 40. 6 40. 2 25.8 50. 4 36.8 50.4 43.6 40. 2
2019.5.15 157 (66 746,65 257,531) 22.6 28.6 13.8 45. 6 37. 4 32.0 51.4 25.6
2019.5.16 188# (65 712,66 146,608) 41.0 45. 6 31.2 50. 0 21.6 22.2 34.8 35.0
2019.5.18 2147 (66 354,65 872,403) 48. 8 41. 6 12.6 50. 2 30.8 30. 6 25.2 33.0
2019.5. 20 267 (66 702,65 195,403) 39.8 38.2 21.6 49. 6 40. 8 50.2 48.0 30. 8
2019.5.23 205% (66 506,65 312,389) 52.6 45.2 30.8 44. 6 26.6 20.0 15.4 39.8
2019.5. 27 787 (66 454,65 194,396) 24.6 29.8 23.2 39.8 22.8 34.2 50.0 21.8
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Table 4 Geiger iterative positioning calculation results

T A by e B e 1 W B A5 5 1 I 1) 2% 5 400 i ik AR
MebR B R AR LR 4

A # F G5 B AE B (f5 5 51034 45 4% 28 3 3K 15 ) / ms) WIER R AR /m) B 25 SR GE A Ak bR /m)
2019.5. 6 145% =1e3x[45.643.8 27.4 48.8 30.6 21.4 19.8 42. 8]’ (64 231,65 854,396) (64 231,65 855,399)
2019.5.7 59% t=1e3»[49.2 38.629.6 49.4 30.0 25.8 19. 6 39. 8]’ (64 125,65 215,384) (64 124,65 215,385)
2019.5.10 5% t=1e3%[28.038.616.428.440.838.042.211.6] (64 628,65 470,474) (64 630,65 470,475)
2019.5.12 32% =1e3 »[40.6 40.2 25.8 50. 4 36.8 50.4 43.6 40. 2] (64 822,65 032,473) (64 822,65 032,468)
2019.5.15 15% =1le3x[22.628.613.845.637.432.051.425.6] (64 226,65 164,526) (64 224,65 166,526)
2019.5.16 188% t=1e-3%[41.045.6 31.250.0 21.6 22.2 34.8 35.0]’ (64 138,65 773,465) (64 138,65 770,462)
2019.5.18 214+ t=1e-3%[48.841.6 12.6 50.2 30.8 30.6 25.2 33.0]’ (64 226,65 491,422) (64 226,65 490,431)
2019. 5. 20 26% t=1e3»[39.838.221.6 49. 6 40.8 50. 2 48.0 30. 8]’ (64 325,65 799,385) (64 323,65 800,385)
2019. 5. 23 205% t=1e3»[52.6 45.2 30.8 44. 6 26.6 20.0 15.4 39. 8]’ (64 336,65 108,423) (64 338,65 110,443)
2019. 5. 27 78% t=1e3%[24.629.8 23.2 39.8 22.8 34.2 50.0 21. 8]’ (64 378,65 806,403) (64 378,65 805,418)
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Table 5 Comparison of time difference linear positioning and Geiger iterative positioning results
RG A AR N AN 2 R Ak b FE O 4 KR 22 T
H ) Sy " S e N
(N,E,Z)/m (N,E.Z)/m (NLE,Z)/m 2%/ m
A 2% 28 1 5 Ao 64 231,65 854,396) (1,1,2 2.45
2019.5. 6 145% (64 232,65 855,398) T REEE N ‘ e )
Geiger %A% E 7 (64 231,65 855,399) (1,0,1) 1. 41
2% 2R M R o7 64 125,65 215,384 1,0,2 2.24
2019.5. 7 59% (64 124,65 215,386) RIE RN ( 0 219,580 ¢ ’
Geiger A E B7 (64 124,65 215,385) (0,0,1) 1. 00
A 2% 28 1 5 A8 64 628,65 470,474 1.1,1 1.73
2019. 5. 10 5% (64 629,65 471,475) TR ( 7 b ¢ )
Geiger 3R i1 (64 630,65 470,475) (1,1.0) 1. 41
i 2% 28 1 5 o 64 822,65 032,473) (0,0,13 13.00
2019.5.12 32% (64 822,65 032,460) T2 )%@E_{\' ( ’ )
Geiger A E f7 (64 822,65 032,468) (0,0,8) 8.00
B 2% 28 1 5 A (64 226,65 164.526) (3,2,0) 3.61
2019. 5. 15 15% (64 223,665 166,526) TR 7
Geiger A Ef7 (64 224,65 166,526) (1,0,0) 1. 00
Fif 2% 28 1 5 o 64 138,65 773,465) (0,3,2 3.61
2019. 5. 16 1887 (64 138.65 770,403) TR ( ’ ’ )
Geiger ¥ % & i (64 138,65 770,462) (0,0.1) 1. 00
i 2 28 1 5 o7 64 226,65 491,422 0.2,8 8.25
2019.5.18 214 (64 226,65 489,430) AR ( 7 ) ¢ )
Geiger A& f7 (64 226,65 490,431) 0,1,1) 1.41
i 2 48 P 5 o7 64 325,65 799,385 2,1,2 3.00
2019. 5. 20 26% (64 323.65 800,383) PRk E L (617329,69 > (2.1.2)
Geiger %4872 {7 (64 323,65 800,385) (0,0,2) 2.00
i 2 28 1 5 A (64 336,65 108,423) (1,2,18) 6.67
2019. 5. 23 205% (64 337,65 110,441) 38 AR A ’
Geiger ¥ A8 5E fiL (64 338,65 110,443) (1,0.2) 2.24
it 2 48 P 5 o7 (64 378,65 806,403) (2,1,12) 12. 21
2019. 5. 27 78+ (64 376,65 805,415) AR 7
Geiger 4R E 17 (64 378,65 805,418) (2,0,3) 3.61
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