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Study on Microseismic Signal Denoising Based on the ICEEMDAN-IWT Combined Algorithm
FU Zhiyong"?, WEN Yanliang"'*®, TANG Liexian"
(1.School of Mining Engineering, University of Science and Technology Liaoning, Anshan, Liaoning 114051, China;

2.Engineering Research Center of Green Mining of Metal Mineral Resources, Liaoning Province, Anshan, Liaoning 114051, China)

Abstract: To address the challenge that existing denoising methods struggle to effectively extract microseismic signals from
fractured rock masses in mines, a combined algorithm based on improved adaptive noise ensemble empirical mode
decomposition (ICEEMDAN) and improved wavelet thresholding (IWT) was proposed. Firstly, the algorithm decomposed the
noisy microseismic signal using ICEEMDAN to obtain the instrumental modal functions (IMF,). Secondly, noise-containing
components were filtered based on correlation coefficients, and the IWT algorithm was used for denoising. Finally, the denoised
microseismic signal was obtained through wavelet transformation. At the same time. the accuracy of the algorithm was verified
using both microseismic simulation data and real-world data. The denoising performance of the ICEEMDAN-IWT combined
algorithm was quantitatively compared with that of other mainstream denoising algorithms, using the signal-to-noise ratio
(SNR) , normalized cross-correlation coefficient (NCC), and mean square error (MSE) as evaluation indicators. The results
show that the ICEEMDAN-IWT combined algorithm achieves the best denoising performance, with an SNR of 28.06 dB, an
NCC of 0.999 2, and an MSE of 0.014 45. After processing with the ICEEMDAN-IWT combined algorithm, the denoised
waveform exhibits significantly improved characteristics while fully preserving the original phase information. However, there
is still room for improvement in the denoising performance for waveform data with high amplitude ratios. Future research can
further optimize the algorithm performance by incorporating intelligent methods such as deep learning.
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0 8= 3 g W 2 A P RS I g AR A R I R B L A
- GeEM R A BRI B A
MR IR LA R R E R E R R, B RPRBEME R, R AR S RO A A B4 T R R B T

* W HE:2025-05-08
ESMAB L TA XTSI R 75 H (XLYC2203173)
EE B A& 5 (1998, B, W Fg 3E S5 A A HAF SR, 2 BN U S 5 AL B 0 I A R FUE W 5Y . E-mail: 844118357 @qq.com
BEMEERERAIS— B WA RKEN B+ Bl BUZ , FENEG S A 2 X8 A BMESE . E-mail : 52360886 @qq.com



A+& %, % 5 T ICEEMDAN-IWT & ke M ER 5 AR [J]. 7 Lo 5 I £ ,2026,46(4). 223

WSS O R RS I OB A S AT M

TRAREES B 0 /N AR e (W T B33k 3R 3l H
T4 RGO A AR R AR S o AE I (B RN 43 i J2E Y
PEREXT AL BREE S E K, A R A
RS A3 (EMD) BFvE St AL BAE F R fs 5 A W
D FA A 2 B e /0 5 4% 1 R0 B 7 0 ] e 2
MRS G ALY, RS R R LB, N5
L EMD MR IR S 4, BB A AE T B R Y 4
B IS i (EEMD) 35 A %08 4> T i e 5]
B[R] P 4 AT A ) 7B TR A B iR
(R 5 A A BE AN Sl 22 58, LG ¥ 58 42 T B T
PRIGG TR TR R A R Y T R AR
Z I RIS (CEEMDAN) 2 vE 8 /0 T 18 A
fifp TR T ASLAS Ak e (Y M 7S R B R) A (ELAE A3 i 1Y) B
B2 B R BRSO  E ES B X
CEEMDAN %35 H 30 ) f1, 2 e Al 450 4 10 T ik
HERY F S N MR AR A 2 B BN 43 i (ICEEMDAN)
Bk T RE S MER R, T EMD/M K
I3 /L 1) 5K A5 395 R 3 T CEEMDAN-/IN i 3 8 1) ¢
BHELC AN THRUBE S LM hte i se K
AREAEMERRG S B PR R Z A, B
i CEEMDAN 5.3 AR LB T 43 f b 1y 3 43 5% 28
WS (EAE S0 A 1 ok R rh 2 th IR AR B L % S 82 19 /)N
e B 3E— 2P W TR

KT LR EE R, KRN —FfET
ICEEMDAN 5 8t k7N i 3 {5 (TW T (14 B A B W 5
2. BB ICEEMDAN Xt U4 2 15 5 4T
G3 A BT T RS 4 i (IMF) 5 F AR OC 5 %
b UE A MR RS A i O S D I 1 (E
HEAT AR B , I 5 8 A AR B 4l I OR 1 5 .

1 ICEEMDAN-IWT B A &4 B

1.1 BAXRELFREE

A R MY TR Al G ICEEMDAN 1 4 fift BE
775 kN U AR A B Y SRy R MR A A S i
ICEEMDAN Z i 55 h 2 Wi B 38 4 it (IMF ) , F:
Xt 45 IMF, #E A7 /N B A AL B, I e A S 5. 1%
Qb B AT DL S A O e M R S IMF, L s/ A B
AW FE N S B0 TE RS S Al i [ B
AT EIFN=E 1 S N7 P /(1

(D) W AZWAES 2+ (¢), ik ICEEMDAN 43
il R TR 4y B (IMF, , IMF, , IMF; , -+, IMF, )
MEkZE r (),

(2) @AM Hr @S IMF 20 80P Mk &R
FErP AR M (-<20.3) 9 TMF ) 52 Sl Wt 7 23 i, o5
FHEAE (- =0.5) 1 IMF 7 R 155 43 fk . A P b
Tl ot P X ) IMF, 75 45 A& H A R IE #1725 &
FI T

(3) XM S0 IMF, #h 47 /N o i e &
T ) /NI A3 il J2 R, O I R AR SCAR Y Y i
W E

(4) R FH /Nl 396 A5 0 6 1) 45 K MR IMF 43 it s
LR N BB i SR 2, S S
/NI A, ICEEMDAN-TWT Bt 4 584 vk 25 M i 2
mE 1 TR,

B REERS

| —znEsnsse |

B 1 ICEEMDAN-IWT BX & 85 KRR
Fig.1 Denoising process of the ICEEMDAN-IWT

combined algorithm

1.2 ICEEMDAN { & 7 f#

ICEEMDAN 56 B A 5 3 2 78 EMD 43 i 2
A AR AT 5 F5 A0 TE G 8 B Boim A A 3 1 e
JEXF 43 it 09 R AT B 3 AR 3O A K
e TAHAEREFES R T, KRR
mrE.

WER TR R B A 5o s I 1 0 (R s 9 15
SHh 2V Ew., N EMD 43R JE 5 kB B ry S 43
i Co )NFEIEAFS M) A LGS 1R
B0 NN IEME 7 220 &S A 8, MR
ke I B N £ M TR RN

(D MJEEES RN E I AERES o, &k
RBES 20 =2 +BE (0),

) HHH ERERWRFTHME M), K15



294 g LB R S5 A

2026,46(4)

B— IR R 2E ri =M (a7,

(3) JRIRIFE SR 1 Mok 2 /185 1 M
S IMF,=x—r,,

() HEH 1 AR 2 o A M I 3 55 R 3
PHA R 2 Mk 2 ro=M[r +B8 E,(07)];
B 1R ZEWEL 2 AR 2E PRI 2 M
i IMF,=r, —r,=Mx")—M[r, +BE, X
(w7,

(5) [AI X T h=1.2,3,4, . b M 3E L £
AR =Mr B E ()] H S
b AR IME, =rp 1.

(6) EELIRG) AFRIPTA 525 AR5 .
1.3 /NEBEXR

N A 2 M D B R o e = [0, 1 )3 B B {H
PRIEIAL B2 /NS Ay R S AR . NS R R L A
LR S e (N (Y w1
P A ECF RN R R0 R B AR
V(B 7 22 R R R 1 R B, T A A R B
PS5 BRI PR B AE 5 1 R ARE . /NI B &
WA DT VEINE .

(D) 155 /N o . AR A5 5 W R AE 38 TR/ N i
SE R B A IE A AT 22 RUBE 43 il A AR AR I o)

Jok

0

A ca; 9 A 3E BN 1, 3% R B ATl o A M S Y

IRV Bl 2 N I R W A o R R A O 22 R

W T AE T AR A BR 5 B BL R 5 tanh g XU IE
e 10 L 29 9 1L BR80T AR SR Y 1Y el ) {1 R

By e an &l 2 s .

T 2L

.
-
-
.
-
7
.
-
.
v

.
.
. A
/

—_— O = DN W = Ut

b

BARERY e
o i
T A
-2r WV wmEm
I
R

_4/,//

B{ER%

2524 -3-2-1 0 1 2 3 4 5
N E

2 BEEH LT

Fig.2 Comparison of threshold function curves
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Fig.6 Comparison of waveforms before and after denoising
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