5 49 B 11 ) JC2 U 2 Eird Vol.49 No. 11
2024 4E 11 H JOURNAL OF CHINA COAL SOCIETY Nov. 2024

LY

EF Adaboost LSTM B H ILEEES S
BN 75 & N L A

/
<

i
W

‘j:JX19|%:\ 7%719’3}1':‘ %I’F}i%ﬂiz,%ﬁﬁl

Wi E D e SR A EE S SR E, IR 400044; 2. TR KA BEVRIBAN A BRA Bl BRI,
TR =1 472401)

(1. F PR IR 242

g
=

i B MEBNFRESRET AL ATEEL, RERTGRA P i 20 EHIBBOLME
B RTHE A, BENRESTHRERS, LINEAMRERTORERLARIFG T M,
w b A AT AR R A TR B 6915 T ek Bk, Bk, M T AT A& B4R (Adaptive Boost-
ing, Adaboost) & &3 71 K 42 #4132 1¢ M % (Long Short-Term Memory, LSTM) #9 # & 13 5 TR M A A
P T A TR TN AR S WM K AEZ £ W ROEAS T R ik, TR T KR H AL (Short-
Time Average/Long-Time Average, STA/LTA) 5 #1380 (Akaike Information Criterion, AIC) B
B0 P ok BTy ik (S/L-AIC %), &R Pk ERIGE £ A7 LR AR KRz 540
AR . A Ricker T ok 32 80 X Ao B E 77 10E 2048 2 F1 345 % PR, Adaboost LSTM #£A! 3+ T
R FE ARG EMANE, T RABFAZRNENLGREARETMARK £, A
Adaboost LTSM #£A! 8943 5 T Fo G2 AR 4L T LSTM AR 6925 R . J& T Adaboost LTSM #£
A AGFRMBIFEILFRAFERMER T RS, AERARIFZR T IERRRAKETMHER, 3
FAEAT T 09 iE BB B35 5%, kAo Adaboost LSTM w12 5 48 oA BRI M ELZ 5 Pk EHIR
# R, H Adaboost LSTM %135 44 P A1 26 BEBCR £E, S/L-AIC 49 P A £ 34 FACRAL
T STA/LTA %4= AIC %, BT STA/LTA k#9458 e AIC k69 £ # M4 5, K=k125 S/L-
AIC kP REMELTGREEZERAE I0ms AR, ZLE, FLBERSTHRRA PR ERLIRG FkA
B R M TR T R, T RIRIES ERRWEAT T KA P okAn 28I,

KW 70 MR P oo 24580 KAIITILM % 12 5 Bk

FESES P6314  XHRE: A XEHS:0253-9993(2024)11-4406—11

Mine microseismic signal denoising method and application based on
Adaboost_LSTM prediction
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Abstract: Microseismic early warning is of great significance for ensuring mine safety, where a good denoising and accur-
ate P-wave arrival picking of a microseismic signal is fundamental to the reliability of microseismic monitoring. By ob-

serving a large amount of microseismic signals, the noise segments of an individual microseismic signal were discovered

Wi E#A:2023-10-01  RERIE: EE2 BEKE: BET DOIL 10.13225/j.cnki jecs.2023.1228
HETH: BR ARBER ST LI H (52004041); ER [ RRFF R IR A FEA I H (U21A2030)
YEER N 3 L (1989—), B, WIEE TN, BIFAR, {8+ . E-mail: shangxueyi@cqu.edu.cn
WIWEE W (1990—), B, EHEEIIA, ®l#EZ, 1+ E-mail: yuanyuanpu@cqu.edu.cn
S| 5 X, BRES, B4, 55 LT Adaboost_LSTM HUll i LR 1% 5 W M 0 1k Kt FH [J]. BEJk 241, 2024,
49(11): 4406—4416.
SHANG Xueyi, CHEN Yong, CHEN lJie, et al. Mine microseismic signal denoising method and application
based on Adaboost LSTM prediction[J]. Journal of China Coal Society, 2024, 49(11): 4406—4416.



https://doi.org/10.13225/j.cnki.jccs.2023.1228
mailto:shangxueyi@cqu.edu.cn
mailto:yuanyuanpu@cqu.edu.cn

511 H1 25 LA BT Adaboost LSTM Tl A9 LI fme (5 5 KM 7 vk S FH 4407

to exhibit a good repeatability. Innovatively, a signal-denoising approach was proposed based on prediction data. Specific-
ally, a microseismic signal prediction model was built that enhances the Long Short-Term Memory (LSTM) with the Ad-
aptive Boosting (Adaboost) strategy. Then, a method for microseismic signal denoising based on the difference between
model predictive data and observational data was developed. Furthermore, a method for P-wave arrival time picking was
proposed, that combines the Short-Time Average/Long-Time Average (STA/LTA) ratio with the Akaike Information Cri-
terion (AIC) (S/L-AIC method). Additionally, the noise reduction and P-wave arrival time picking performance was evalu-
ated by the total cost function of P-wave arrival picking errors. Both the synthetic tests of noisy Ricker wavelet and the mi-
croseismic data application of the Gengcun coal mine indicate that the Adaboost LSTM model has excellent noise fitting
capabilities but poor fitting for useful microseismic signals that haven’t undergone neural network training. Furthermore,
the signal prediction and noise reduction effects of the Adaboost LSTM model surpass those of the LSTM model. The
Adaboost LSTM model effectively removes noise from microseismic signals, outperforming the wavelet-based low-fre-
quency coefficient reconstruction methods and significantly enhancing the P-wave arrival characteristics. The wavelet and
Adaboost LSTM denoised signals can improve the P-wave arrival picking results of microseismic signals, and the Ada-
boost LSTM denoised signal shows a superior performance. The P-wave arrival picking using the S/L-AIC method is
more effective than that using the STA/LTA and AIC methods alone, combining the stability of STA/LTA method with
the accuracy of AIC method. Overall, the P-wave arrival picking error of the denoised signals using the S/L-AIC method
remains generally within 10 ms. In conclusion, the microseismic signal denoising and P-wave arrival picking methods
provide a significant support for mine microseismic monitoring and early warning. Furthermore, this approach has the po-
tential for extending to the denoising and P-wave arrival time picking of natural earthquake signals.
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Fig.1 Framework of microseismic signal prediction, denoising and P-wave arrival time picking
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