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Main Influencing Factors for the Accuracy of Microseismic
Source Location
DONG Longjun, LI Xibing, TANG Lizhong

School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abglracl 'The microseismic source location is one of the most important and foundational parameters in seismic analysis. The
positioning accuracy directly affects the results of the microseismic results. The influencing factors for the accuracy of the micwseismic
source location, including the station err, the velocity error and the error caused by the optimization algorithm, are analyzed and
discussed. The source location and the number of source events are determined by an optimization algorithm, and the source coordinates
vary greatly with the use of different algorithms. It is important to select a reasonable optimization algorithm with a high accumacy. The
famous optimization algorithms, such as the Levenberg—Marquardt Method (LM), the Simplex Method (SM), the Quasi—Newton Method
(QN), the Max Inherit Optimization (MIO), the Self~Organizing Migmating Algorithms (SOMA), as well as the Global Optimization (GO)
coupled with MIO, QN, MIO and LM, were used to locate and compare the seismic source coordinates. Results show that it is easy to be
trapped into a local optimum value using MIO, QN and LM alone. Therefore, the selection of MIO, QN and LM should be careful. The
joint use of the global optimal algorithm combined with MIO, QN and LM can significantly improve the positioning accuracy. The SOMA,
SM coupled with GO, the MIO coupled with GO and the LM coupled with GO, which are more stable with a high positioning accuracy,
should be the recommended methods to locate the seismic or acoustic emission source coordinates.

Keyworcs microseismic and acoustic emission source; seismic source location; trigger time erwors; wave velocity; optimization
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Fig. 1 Classifications of different seismic event source
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Table 1 Blast test locations and the powder volume

5 ff i ] b JEb e b 2 fit/kg
X y 4
1 08-3010:57 —760m /K ¥ 564+ K 37 il 84528.4 225562 —7532 2.25
09-08 10:41 -820m /KF 56-6" K7 HiE 84479.0 22570.0 -814.4 2.40
3 09-09 13.03 ~790m K ¥ 56-14% 374 18 84359.0 22673.0 -795.5 2.40

F2 BEAFMUBELEREBESHA E RSN
Table 2 Sensor coordinates and time triggered by sensors

e g AFR /m fink 22 Je g B 2/
x y z 1 Fifk 2 $iE3
Sitel 84345.73 22474.0 -678.01 31.214136 0.563835 45.267930
Site2 84157.08 22717.2 -737.28 — — 45.264930
Site3 84256.71 22587.9 -682.8 31.225969 0.574668 45.258260
Site4 84493.74 22395.4 -653.02 31.210303 0.567501 —
SiteS 84299.94 22861.7 -764.74 — 45.261180
Site6 84377.81 22755.5 -722.01 31.222942 0.566903 45.248010
Site7 84487.86 22612.0 -704.33 31.195608 0.547570 45.258680
Site8 84580.14 22489.6 -693.73 31.196942 0.556570 —
Site9 84591.12 22453.2 -862.58 31.206442 0.556775 —
Site10 84349 .47 22271.4 -862.79 — —
Sitell 84429 .88 22332.3 -863.16 31.226608 0.573108 —
Site12 84509.80 22391.8 -862.91 31.213275 0.561441 —
Sitel3 84076.11 22705.4 -862.89 — — 45.280310
Sitel4 84182.39 22775.1 -862.38 — — 45.268640
Sitel5 84259.16 22840.2 -862.04 — 45.267140
Site16 84307.19 22943.1 -860.87 — 45.279640
E AR R A BB A AR s U261 4 F 49 R ALIR B A ms,
Notes: Unit of trigger time is s, and the unit ms in the table 4 of reference [26] is incomect.
23 AEMUFENEME RS SR Hae R R (QN-GO) . i KakRE: 54 R L H %
MG STD 2k 94U 5 24 X, 200 FH 22 e vk a7 T A€ L (MIO-GO) SR fif R AL A5,
B MBI SRR AR AHAR R ESREE 4R W0 1.2.3 WAL R 515 AR 3~ 5, FR6 NS
A Bk ] TR L 2 5 4 Ak 3532 (SM-G O) (i 4 ik TP ¥R B AL 1R 22 LUEL o
£3 FH1THER
Table 3 Location results of event No. 1
, 5 , A T To
i BRI BARREL N MXRE W% R
1] (mmess.z) x % z
1 LM 8 00:00:100 0.77 0.0390 W 5 1.71 021 2.61
2 SM 1364 00:01:568 0.99 0.0011 g 84522.93 22544.34 -747.52
3 QN 4 00:00:109 0.77 0.0382 W 8 0.10 1.98 3.02
4 MIO 253 00:01:280 0.72 0.0163 e s 430079786760.24 -9.00 0.06
5 SOMA 389 00:02:447 0.99 0.0011 e 81 84522.92 22544.34 -747.54
6 LM-GO 343 01:12:747 0.98 0.0016 e sk 84511.30 2253829 -753.85
7 SM-GO 462 00:04:523 0.99 0.0011 g 84522.93 22544.34 -747.52
8 QN-GO 464 01:01:820 0.98 0.0076 W 84 84509.14 22537.17 -755.03
9 MIO-GO 92 00:06:239 0.99 0.0011 e s 84522.93 22544.34 -747.52
ESM W SR A E 3 R H 1 kA F 2 KRR AR,
Notes: Results for SM are the third calculated results, the first and second ones are fail ure.
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Table 4 Location results of event No. 2

oy Ny
BB mNE BREE DY xmm Mk i TR
s 18] (mm:ss.z) x ¥ z
1 LM 9 00:00: 126 079  0.039 sk 0.07 047 1.00
2 SM 1487 00:01:669 0.99 0.0013 I B 84486.86 22570.88 -806.79
3 QN 5 00:00:276 0.79 0.0338 W 84 0.39 4.13 0.75
4 MIO 768 00:01:204 0.15 0.0202 e 8 972992 28628532260737.90 -0.25
5 SOMA 368 00:01:856 0.99 0.0013 I 54 84486.87 22570.88 -806.80
6 LM-GO 542 00:39:711 0.98 0.0028 i B 84470.71 22563.61 -815.04
7 SM-GO 469 00:04:100 0.99 0.0013 I 8 84486.86 22570.88 -806.79
8 QN-GO 360 00:17:526 0.78 0.0087 W 84 2791666.11 1334900.82 1501054.19
9 MIO-GO 54 00:05:605 0.99 0.0013 154 84486.86 22570.88 -806.79
x5 BUHITEMLER
Table 5 Location results of event No. 3
— N o on
TS L HRRE B ﬁﬁ%‘? LA
A 18] (mm:ss.z) i x % z
1 LM 14 00:00:341 072 0.0279 sk 2047168 905463231 11715472.69
2 SM 1620 00:11:475 0.90 0.0139 1154 84349 .84 22679.69 -819.00
3 QN 18 00:00:393 0.71 0.0236 150 -117535.03 487846.47 923298.03
4 MIO 368 00:01:856 0.99 0.0013 sk 84486.87 22570.88 -806.80
5 SOMA 324 00:23:112 0.90 0.0139 [igsie 84349.84 22679.69 -819.00
6 LM-GO 21 00:23:788 0.90 0.0139 W 84 84349.84 22679.69 -819.00
7 SM-GO 49 01:01:738 0.90 0.0139 WSk 84349.84 22679.69 -819.00
8 QN-GO 629 00:46:122 0.90 0.0139 154 84349 .84 22679.69 -819.00
9 MIO-GO 64 01:16:782 0.90 0.0139 1gsi'e 84349.84 22679.69 -819.00
K6 ARAAEEMRE
Table 6 Location errors of various methods
FHAF 1 FA{f 2 F1F 3
Sk AR BRI 25/m i@jﬂﬁ Ap FRiR2E /m p— A bR IRZE /m J—
B 25/ . .
x y z . x y z 1% 25/m x y z &2 /m
SOMA -5.48 -11.86 5.66 14.23 7.87 0.88 7.60 10.97 -9.16 6.69 -23.5 26.09
SM -5.47 -11.86 5.68 14.24 7.86 0.88 7.61 10.97 -9.16 6.69 =235 26.09
SM-GO -5.47 -11.86 5.68 14.24 7.86 0.88 7.61 10.97 -9.16 6.69 =235 26.09
MIO- -5.47 -11.86 5.68 14.24 7.86 0.88 7.61 10.97 -9.16 6.69 =235 26.09
GO -17.10 -17.91 -0.65 24.77 -8.29 -6.39 -0.64 10.48 -9.16 6.69 =235 26.09
IM-GO -19.26 -19.03 -1.83 27.13 2.70x10° 1.31x10° 1501869 3362541 -9.16 6.69 =235 26.09

QN-GO -84526.7 22556 755.81 &7487.7 -84478.9 -22569.5 8154 8744563 —61887.3 9031959 11716268 14793615
LM 845283 225542 75622 4.00 -84478.6 225659 815.15 8744437 201894 4651735 924093.5 1054086
QN 4.3x10" 225652 753.26 87488.8 -74749.1 2.86x10® 814.15 2.86x10®  127.87 -102.12 -113 164.03

MF 6 T LLEH  SOMA J7 % 8 (i A BE i, 256 3% FERC T, UL B IXOLFP 7 B R 255 B N Jm 8 S A AEL e ol
4~ 6 T LLF H SOMA Jrsitsmtia &, 4k Tk Si/h SOMA SM-GO MIO-GO .LM-GO 145 45 s ke , AHUAE
I 4y ) Ao L S5 ST A SR Lt AR 3 AR ARG 7 BT 5 IR A A SE i O SM AT 2551 U MIO QN
43R 14.23,10.97,26.09m, AT LI SEBR TR A5 167 75 3K, AIM W TF 8 R, AR B SM X P fF 1R AR

[l 4 A A R i o et R iR 22 R0 250 e e, i 4 T2 28 150 2 U Bl L ) A BIVAR (o] B 2 SR A
ATLAA L, SOMA SM SM-GO MI0-GO .LM-GO J7 1 5E (ks fiff, UL R RO I L R RN PRl A MIO \QN LM R
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Fig. 4 Charts of location results using different methods
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