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Figure 3 Guide wall and measuring point layout
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EEMD-MPE 4 &% CEEMDAN-AH 3¢ 2 %45 1 %)
{55 UEAT A R 25 SR LR 9,

i /8 9 A1, CEEMDAN-MPE 15 & [ I 11 %4
RAR T 734 2 Fh oy i, EEMD-MPE [ W 24 5 —
e ATAFAE A FB 43 v LM S 2 L EEMD 45 i
BP0 A B 1 I 7T 325 480 T B 5 CEEMIDAN-AH ¢
TR N 5 A5 5 WA AR AT A e < B g L
I3 AR B 4 B D B, J& T CEEMDAN 43 fift 6 1%
THBRIIA 1 75 9 52 0, {HAH G 3R 50000 7 45 IMF
Iy JEYEANER, AR SUR A, FEARSCR
J7Eh kB A IMF 2r 8 B9 MPE {H , fig 9 47
Hi 0 T MR G IMF 3 e 4l IMF 43

M FAE LR TR v SCE 5 v A R 5
Mg P 5 5 1) ) 2R 35 02 SR 0 1Y), T 1% SR FH A e Lk )
W7 BRI R R AR SO A B IR 5 22 L (dnSNR)
7 e M i A S R

dnSNR = 10lg(P_/P,) , (16)
P N ERES IR, P N KBRS

60
! —— CEEMDAN-MPE#E- - - EEMD-MPE1§:
40 < CEEMDAN-HH % 5 5 P 12
§20-¢l’ f " Y ! i
@ 0 HH 4 i3 ¥ H \
E_PRIR A LT
205 80
40+ i
60 s . s
0 5 10 15 20
IR [A)/s
(a) PR 5 I R EL R
25
=~ —— CEEMDAN-MPEF# 8 N2
=20 EEMD-MPE 1 T | — CEEMDAN-MPER/5:
< oo CEEMDAN-H 5 32 £ |- -EEMD-MPEI
ERE =4 CEEMDAN-H 2% 2 $ ik
Y = \
10 53
1 =
ek B
RS R
0 ’’’’’’’’’’’’’’’’’’’’’’’’’
2 4 6 8 10
BiFE/Hz
(b) P )5 Th = 1 25 BE X L

75 W R 25 T

i 2 AJ A, CEEMDAN-MPE %4 2 (1) [ Mk 152

THRAER I 2,

2= e/ R INZ L PR AOCR I 4

B9 MBRHRNLILE

Figure 9 Comparison diagram of denoising effect

(23, dnSNR {E#/N , 2 W] R R 0 2, &%

4 Zig

fdi ] CEEMDAN il MPE 1545 F5 e 1 75 1, %
SR S5 5 31T CEEMDAN 43 % , 1] MPE J5
AT FA IMF i B ALFR B, 25 A /N A 4 0 55
WS I IMF JE17 e, OF 54 F 4l IMF 4 & F

Frotly, 5 LR . 5 i 0 1 6 SEE S kAT

F2 BREBERELRITEER
Table 2 Calculation results of denoising error ratio
i ey ik W MR R 2% 1L
EEMD-MPE 4.235 6
CEEMDAN-HH ¢ & 54 3.272 1
CEEMDAN-MPE 2.859 6

A3, 45 J 3 WK 15 AR A R N A T) s B A
PREE TSRS B . L4 F EEMD-MPE J7 %
J¢ CEEMDAN-fHR AR KL, ZFEEEH TS




96 N KA A AR (T ) 2022 4
SR BIAG T B Me B i 1 SRR B A M OR B [J]. f%3h 5 i, 2017, 36(17) : 1-
ST S B 5 AT % B T LA A HU J C, LIAN J J, MA B, et al. A de-noising and

modal identification combined method based on
;}’j%iﬁk CEEMD and wavelet packet threshold for flood dis-
1] dbz. WERfh. TIBZE. LTV I 9 S B 4 charge structures[ J]. Journal of vibration and shock,
P WEBRE 1], A1 % 2 4, 2008, 27 (1) 2017, 36C17) s 179
96101 (8] YEH J R, SHIEH J S, HUANG N E. Complementary
LIAN J ], ZHANG ] W, WANG H J. Study on dam- ensemble empirical mode decomposition: a novel noise
age diagnosis of guide wall based on flood discharge re- enhanced data analysis method[ J]. Advances in adap-
sponse [ J ]. Journal of hydroelectric engineering, tive data analysis, 2010, 2(2) : 135-156.
2008, 27(1) : 96-101. [9] TORRES M E, COLOMINAS M A, SCHLOTTHAUER G,
(2] ZEdchh, dhdk s, XK. =ik /e Sh% ik ik 9 3 5 et al. A complete ensemble empirical mode decomposi-
T B A AR 5 2 AP [T, KAIKE T tion with adaptive noise[ C]//2011 IEEE International
P20 2010(3) : 59-64. Conference on Acoustics, Speech and Signal Process-
LI H K, LIAN J J, LIU Y Z. Prototype observation of ing. Piscataway: IEEE, 2011. 4144-4147.
flood discharge-induced vibration and its dynamic i- [10] BAIL L, HANZN, LIY F, et al. A hybrid de-noi-
dentification and safety evaluation of Three Gorges left sing algorithm for the gear transmission system based
guide wall[ J]. Hydro-science and engineering, 2010 on CEEMDAN-PE-TFPF [ J]. Entropy, 2018, 20
(3): 59-64. (5): 361
(3] IEE, BEA, X /NS AE S I i 7K (117 Wescde, xgkde, s €, . Wi (s 50 2 REHE
PERE S HT R R (). Ky & 2R, 2013, BURSTAT (D], BFAL, 2014, 63(7): 427-433.
32(3): 114-119. YAO W P, LIU T B, DAIJ F, et al. Multiscale per-
XU G B, GUY J, LIU F. Application of wavelet anal- mutation entropy analysis of electroencephalogram[ J].
ysis to vibration signal processing for high dam plunge Acta physica sinica, 2014, 63(7) : 427-433.
pool[ J]. Journal of hydroelectric engineering, 2013, [12] FRtE, %X, . 2 RS RILAEIR 3)
32(3): 114-119. AR EZ B R H T, PR TR, 2013,
(4] ZEEOl, Rk, X107, 45, EMD 5 /) B & 24(19) : 2641-2646.
VE B 7 0 el i R L A M R 45 K HE 3 40 B b e g ZHENG ] D, CHENG J S, YANG Y. Multi-scale per-
HII]. 35w, 2013, 32(19) . 63-70, 110. mutation entropy and its applications to rolling bearing
LICY, LIAN J J, LIU F, et al. An improved filte- fault diagnosis [ J]. China mechanical engineering,
ring method based on EMD and wavelet-threshold and 2013, 24(19): 2641-2646.
its application in vibration analysis for a flood dis- [13] FBIEME, BE%, BT, 2R EEMD 8k K& IR
charge structure[ J]. Journal of vibration and shock, HMWFFE[T]. 35 shidi, 2013, 32(21) : 21-26, 46.
2013, 32(19): 63-70, 110. ZHENG J D, CHENG J S, YANG Y. Modified EEMD
[5] HUANG N E, SHEN Z, LONG S R, et al. The em- algorithm and its applications[ J]. Journal of vibration
pirical mode decomposition and the Hilbert spectrum and shock, 2013, 32(21): 21-26, 46.
for nonlinear and non-stationary time series analysis [14] SRELHE. /NEAHIEE S BB i Pt [ D].
[J]. Proceedings of the royal society of London series AR, TR R, 2012
A: mathematical, physical and engineering sciences, ZHANG C G. Research on the application of wavelet
1998, 454(1971) : 903-995. analysis in signal denoising[ D]. Chengdu: University
(6] il sktiss, mifs, &, KBS0k & H A of Electronic Science and Technology of China, 2012.
BRSHROVIFRIERL)]. BTHEAMA, 2019, [15] A, skWlfE, BH¥RE, & —Muski /N E
45(3): 7-12. EEBAE[T]. AU THOR, 2019, 42(19):
DAIT, ZHANG Y F, ZHANG K X, et al. The re- 50-53, 58.
search progress of empirical mode decomposition and CULI G Z, ZHANG Z X, YANG L Z, et al. An im-
mode mixing elimination[ J]. Application of electronic proved wavelet threshold denoising algorithm [ J ].
technique, 2019, 45(3); 7-12. Modern electronics technique, 2019, 42 (19). 50—
(7] WHEIM, ke, Dok, 5. 2T CEEMD A/h ik 53, 58.
£, 150 {H A 2H B e TR R it WL 45 A Y A 2 R G O ik [16] REAE, TWME, ®MT. HT EEMD-/MNEBIH £



%5 W

XI5 4 2T CEEMDAN Fll MPE 9 S 5% 4% 3 5 5 B e 7 1k Ko H 97

[17]

MR RSB S BRI [)]. RER¥¥M (A
AL 5 TRHERRT) , 2020, 53(4): 378-385.
XIONG C B, YU L N, CHANG X Y. Modal parame-
ter identification of bridge structures based on EEMD-
wavelet threshold denoising[ J]. Journal of Tianjin u-
niversity ( science and technology ), 2020, 53 (4):
378-385.

PeEnR, WA, Al E R, . HEI S 2 HUW
A e kot (1], #ah 5 ehid, 2014, 33
(1): 188-193.

RAO G Q, FENG F Z, SI A W, et al. Method for op-

timal determination of parameters in permutation entro-
py algorithm [ J]. Journal of vibration and shock,
2014, 33(1): 188-193.

VR, RS, AR HE RIS Iy Bl
LW AR BB R AT ST [T ], P 208 K2
=, 2019, 53(5): 67-72, 122.

YAN X H, ZHOU Z L, LI Z L. Study on the noise
reduction of tractor power take-off load by empirical
mode decomposition soft-threshold method[ J]. Journal
of Xi" an Jiaotong university, 2019, 53 (5). 67 -
72, 122.

Denoising Method of Discharge Guide Wall Vibration Signal
Based on CEEMDAN and MPE and Its Application

LIU Fang', ZHANG Lufeng', PANG Bohui’, LIANG Chao', YAO Ye'

(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300354, China; 2. Huaneng
Lancang River Hydropower Inc. , Kunming 650214, China)

Abstract; In order to solve the problem of random noise in the measuring vibration displacement signals of the
discharge guide wall, multi-scale permutation entropy was introduced to reduce the noise of the vibration signal
of the discharge guide wall. A signal denoising method based on complete ensemble empirical mode decompo-
sition with adaptive noise (CEEMDAN) and multi-scale permutation entropy ( MPE) was applied to discharge
structures. The vibration signal of the guide wall was decomposed by CEEMDAN to obtain a series of intrinsic
mode functions (IMFs) ,and then the multi-scale permutation entropy ( MPE) was introduced to analyze the
randomness of each IMF ,and MPE value was used as the evaluation index to screen them into noise-dominant
IMF and real IMF. The wavelet threshold denoising method was used to denoise the noise-dominant IMF. The
processed data was reconstructed with the remaining real IMFs to obtain the pure guide wall vibration signal.
The results of simulation signals and engineering examples showed that this method could improve the noise re-
duction effect of the signal, accurately remove the noise in the vibration signal of the discharge guide wall,and
retain the characteristic information of the vibration signal effectively,it had certain feasibility . The noise re-
duction results of this method could be used as a reliable basis for the safety monitoring of the discharge guide
wall, and could be applied to the noise reduction of similar vibration signals of the guide wall.

Keywords: discharge guide wall vibration signal; CEEMDAN; multi-scale permutation entropy; wavelet

threshold analysis; signal denoising



