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SRy i — 25 55 F T 2% SR 0 o A L R T
2%  RMSE,MAE il STD % 4 FyEA 8RR A
Sy BT TN AV 5 B I = R 25 5. FE T i
TR rh, 704325 SR B UL KR AR b AT BE AE A 1 R A
T 5 R R LAY SR IR AR 5 6 A A
B AT ORI MR R T 5% 2%, ARSI CR T
3 AN H T 37 4 40 B 5 S S ok AT L O
BT R PR S 1) B AT T 5 O AE R AT R 22 40
23 TEAN G 1A LSRR BT 2 A FUE 1Y
EUATIF R A EE S o LU HY L 158 25 (Bl i () A9
AR —E LY. FEWR 1~7 a i
[E] BN 1 2 (B PR B AE — S AR 1 7K P L (H 5

3.0

——Niifio 3.4

2.5 abs(Nifio 3.4)=0.4
2.0
1.5

=1.5
-2.0,
DO — AN 0T N O >0 — N
S = = e e e e = = e A A A
S O O OO0 OO0 OO0 oo o o2
[ I o I o I o B o I oN BN o I N I o I oN RSN BRSNS IR S NS B\

5 Nino3. 4 5%

Fig. 5 Nino3. 4 index
P FRLE TS TEZ G 8~15 a, IR 22 {H
HEA — AN AN R E 1 B B, AN AR 2E 8 3 B
X — AR AR 7% T 1% 22 (L B I ) A 1) 15 28 R
i« S B W 44 O S A — g I (R B N T AR
X R WA HEBR B 5 T A5 B0 A SOy i
Xf A5 5 1 005 ROR B

R3 HMRZEDN

Tab.3 Prediction errors analysis

BME K /a mean/mm  STD/mm RMSE/mm MAE/mm

1 9. 964 7.802 12. 655 10. 658
2 1. 319 16. 725 16. 777 14. 761
3 1.768 16. 401 16. 496 14. 689
4 4.907 19. 367 19. 979 16.594
5 7.490 18. 971 20. 397 16. 840
6 5.912 19. 271 20. 157 16. 876
7 0.837 22.975 22.990 18. 696
8 —5.560 27.645 28.198 22.651
9 —7.148 27.079 28.006 22.776
10 —9.507 26.909 28.539 23.572
11 —10.016 25.997 27. 860 22.997
12 —13.334 27.832 30. 861 25.234
13 —13.278 26.970 30. 061 24,416
14 —12.269 26.519 29.220 23.476
15 —11.290 26. 150 28.483 22.735
4 & iE

DTERUE 5 %k o # b, NTFT-WSE J7
A TG NMWT JriE Bl 7 5 & m ik
P, ZIEAUREREAL THELME S 5 HEFES
Z [A] i 1% 22 (RMSE Al MAE 43 %18 /b 26. 03%
22,24 %) , 1 FLAE AL B A AICARAE 5 B B0 s B
e B ARG B

2) 454 — ot [l I3 A NTFT-WSE J 3 1]
5 1993-06—2008-05 1 [# Fg ¥ 15 ~F 1 - Tt #
9 3.829 mm/a, I HAg$E LA Ml 6.12,28.45
73 4 H B RMERES .

3)NTFT-WSE J5 & " JH T SLA B[] ) 41
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Classification of Mining Seismic and Blasting Signals

Based on Machine Learning

LIANG Xiaonan' WANG Jianjun' YIN Xinxin®

1 Lanzhou Institute of Seismology, CEA, 450 West-Donggang Road, Lanzhou 730000, China
2 Gansu Earthquake Agency, 450 West-Donggang Road, Lanzhou 730000, China

Abstract: This study focuses on the classification problem of mining seismic and blasting signals in a
mine in Gansu province. Common unsupervised classification methods such as support vector ma-
chine, K-means clustering, and principal component analysis were analyzed. These methods face sig-
nificant challenges in terms of insufficient feature selection, low classification accuracy, and imbal-
anced samples. To attempt to address these issues, this paper employs a lightweight collaborative
learning method ( LCL-SSS) that combines MiniRocket feature extraction with improved K-means
clustering, aiming to enhance the accuracy and efficiency of classification. Through time-frequency a-
nalysis, it was found that the initial P-wave frequency of blasting events is mainly concentrated be-
tween 80 to 200 Hz, while the P-wave frequency of mining seismic events is distributed between 20 to
120 Hz. After 30 training experiments, the classification accuracy of the LLCL-SSS method reached
95.07% , effectively capturing key features in mining seismic waveforms.

Key words: mining earthquake; time frequency analysis; unsupervised learning; classification of seismic signals
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Prediction Method of Sea Level Change

in the South China Sea Based on NTFT-WSE
SUN Haozhe'? LIU Lintao®> SUN Xuepeng® LIU Ziping'”*
YE Zhourun® LIANG Xinghui® SHEN Cong'? WANG Guocheng?*
1 Innovation Academy for Precision Measurement Science and Technologys CAS, 340 Xudong Streets Wuhan 430077, China
2 University of Chinese Academy of Sciences» A19 Yuquan Road, Beijing 100049, China
3 College of Civil Engineering, Hefei University of Technology, 193 Tunxi Road, Hefei 230009, China

Abstract: A wideband signal extraction method based on normal time-frequency transform(NTFT-WSE) is
proposed based on standard time-frequency theory. First, the standard time-frequency transform is used to
extract and model the periodic signals of sea level. Then, the NTFT-WSE method is employed to extract,
model, and predict the components at different time scales, achieving accurate prediction of the periodic low-
frequency signals of sea level changes. Compared with the standard Morlet wavelet transform, the NTFT-
WSE method reduces the root mean square error(RMSE) and mean absolute error(MAE) in periodic signal
extraction by 26.03% and 22.24% . respectively, significantly improving the extraction accuracy of mid- and
low-frequency signals. Finally, based on satellite altimetry sea level anomaly data from June 1993 to May
2008, the NTFT-WSE method was used to predict the sea level changes in the south China sea from June
2008 to May 2023. The prediction results are consistent with the overall trend of actual observations.

Key words: sea level anomaly; Morlet wavelet transform; sea level change; prediction; normal time-
frequency transform; south China sea
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