41 E a4 ok Vol.41 No.4
2024 4E 12 A BLASTING Dec. 2024

doi:10.3963/j. issn. 1001 —487X.2024.04.019

& T EP-CEEMDAN HiZ gy JEF 32
RBNESHI oM

B OEUR A RIT LR OB RER
(L dE E £ IR 22 B P55 5 TRR2B , i 430090 ;
2. PEHL BT RS () A R 5B 2E S LR R L, I 430074
3. AL /NIRAE K SRS 0 2208k 432000 ;4. 510644 bR Je M Bk B B AR R BA L 5 430056 5
5.0 TR + K T RE2=Be , 2208k 432000)

M E: AZ548tA 5 # (Empirical Mode Decomposition, EMD) Bl A #9425 R R & 2ok & 5 it
(Ensemble Empirical Mode Decomposition, EEMD) #¢ 2 — & A2 L4l B AR A2l TR G LE T
P i, RS REERFRIE, BN ZFY Lk Rhok S0 T, BEERA0EARFHK
EMD #= EEMD # R4 T HAFE AN ER KA., BB A MG S A EREY AE AL ESZ A
A4 F % (Endpoint Processing-Complete Ensemble Empirical Mode Decomposition with Adaptive Noise, EP-
CEEMDAN) , 5% 3647 £ 5% % x4tk EMD EEMD EP-CEEMDAN 45 fL & 3k F AR S5 5 09 5 MR,
& % REHEF) I Mo ) For i1 R A7 B 3E EP-CEEMDAN 3% & 30 5 o ks 25 04 3 BLA RAFA9 455 3R i
E A8t EMD A= EEMD,EP-CEEMDAN % —#+ # 4% R ¢4 B & & f ik, %5 ¥ EP-CEEMDAN 2 A T 5 ml 3
TR TP EAL BT E AR EORIETELSBAE—N BRI mAER G P, FiBid it
Fivf— i AR AT F AT A B AL A F 44 (Intrinsic Mode Function, IMF) . EP-CEEMDAN 343 3] 49 IMF 3%
BE AN RFMRITE T AR, Z2HF RIOF T RFIGHMELENBAABH LARZH > HE,
ZERT R T T RREE T RDBFAERA, T3 —F 50 TR L TIRERE,

KB ZLBESIHIM; AERAAELSZRBESS B, ARG, HEAE; & RMFTH
mESES. 0382 XEEFRIAAD: A XEHE: 1001 -487X(2024)04 - 0150 - 06

Time-frequency Analysis of Non-Stationary Vibration
Signals based on EP-CEEMDAN Algorithm

SUN Miao'** ,QU Ling* ,YUAN Li-ping" ,WU Jing*”> ,SHEN Yu-guang'

(1. College of Environment and Engineering, Hubei Land Resources Vocational College,
Wuhan 430090, China ;2. Engineering Research Center of Rock-soil Drilling & Excavation and
Protection, Ministry of Education of China University of Geosciences, Wuhan 430074 , China;
3. Hubei Small Town Development Research Center, Xiaogan 432000 , China;

U5 %= B 8A ( Date of reception) :2023 - 08 - 02 M 4% B % B £A ( Published online) :2024 -01 - 15

EZBAT PN H(1993 - ), 2, WA DT, 1 R, K R LR IS HTST , (E-mail ) 2357152544 @ qq. com,

BIRIER T (1983 - ), 2, IR BT, W4 TR0, NS | TR A i Ab BRA 5T, (E-mail ) quling86@ 126. com,

E & WA B ARAIES TR H (2022CFB334 2022CFBY48) ;i T4l 5 F #8 LARBIZT .0 (202404 202409 ) 5 HIHLE HEFITH

WFE R4 S H (B2022602 ) 5 46 /N & RTFST H0 54 (2024 A004 )

About the author . SUN Miao( 1993 - ) ,female,born in Wuhan, Hubei Province, Ph. D, lecturer, mainly engaged in underwater drilling and blasting,
(E-mail )2357152544 @ qq. com.

Corresponding author:QU Ling(1983 - ) ,female,born in Qufu,Shandong Province,Ph. D, engineer, mainly engaged in ocean, engineering, and other
data processing algorithms, ( E-mail ) quling86@ 126. com.

Fund Programs . Hubei Provincial Natural Science Foundation of China(2022CFB334,2022CFB948) ; Engineering Research Center of Rock-soil
Drilling & Excavation and Protection, Ministry of Education(202208,202215) ; Hubei Provincial Department of Education Scien-
tific Research Program Guidance Project( B2022602 ) ; Hubei Small Town Development Research Center Fund (2024 A004 )



Fal g

55 4 3] v E B, RN, % ST EP-CEEMDAN S i AR R 3l 5 5 i 3520

151

4. Geophysical Exploration Brigade of Hubei Geological Bureau, Wuhan 430056, China;
5. Faculty of Civil Engineering, Hubei Engineering University , Xiaogan 432000, China)

Abstract :

mode decomposition( EEMD) can only suppress mode confusion to a limited extent,as the white noise added by EE-

The intrinsic mode confusion of empirical mode decomposition( EMD) and the ensemble empirical

MD cannot be fully neutralized , which compromises the completeness of the original signal. Additionally, both meth-
ods fail to avoid interference from endpoint effects. Modal confusion and endpoint effects lead to distortions in the
time-frequency analysis results obtained from the Hilbert transforms of EMD and EEMD. A complete ensemble empir-
ical mode decomposition with adaptive noise and endpoint processing( EP-CEEMDAN) is proposed to address these
issues. Simulation experiments were conducted to compare EMD, EEMD, and EP-CEEMDAN decomposition results
on simulated vibration signals. Through multiscale permutation entropy detection and marginal spectral analysis, it
was verified that EP-CEEMDAN has better control over endpoint effects and mode confusion, proving that EP-CEEM-
DAN is a more effective adaptive algorithm than EMD and EEMD. Finally, EP-CEEMDAN was applied to the pro-
cessing of measured non-stationary vibration signals ,where adaptive white noise was added at the endpoints of the vi-
bration signals during each stage of decomposition. The method successfully generated various intrinsic mode func-
tions(IMF) by calculating a unique residual signal. The EP-CEEMDAN algorithm effectively suppresses IMF end-
point divergence and modal confusion,while the time-frequency spectrum obtained through the Hilbert transform of-
fers high resolution in both time and frequency domains. This result can be used for vibration feature recognition in
non-stationary vibration signals.

Key words:

empirical mode decomposition; complete ensemble empirical mode decomposition with adaptive

noise ; mode mixing; endpoint effect; Hilbert transform
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