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Abstract: The seismic wave signal acquisition will result in the mixed noise in the measured signal due to the

monitoring environment, test system and other factors ,and the existence of noise will lead to the distortion of the time-
frequency analysis results of the signal Hilbert-Huang Transform. There are two reasons. One is that the empirical
mode decomposition( EMD) algorithm will obtain the intrinsic mode function(IMF) component with modal confusion
phenomenon when processing the blasting seismic wave signal containing noise; The other reason is that because the
Hilbert transform is constrained by the Bedrosian theorem, which will produce negative instantaneous frequencies
when dealing with modal confusion components. These lead to huge analytical errors. In order to obtain real blasting
vibration properties, HHT should be improved. Complete ensemble empirical mode decomposition with adaptive noise
(CEEMDAN) can be obtained by adding adaptive noise signal to EMD. Then normalized Hilbert transform is per-
formed on the IMF obtained by CEEMDAN, and an improved normalized Hilbert transform (INHT) is obtained.
Through the above two steps,the CEEMDAN-INHT time-frequency analysis algorithm can be established. In order to
verify that the algorithm can effectively improve the time-frequency analysis accuracy of the noise-containing blasting
seismic wave vibration signal ,a comparative study on the time-frequency analysis of the HHT and CEEMDAN-INHT
noise-containing simulated vibration signals is carried out. Finally, CEEMDAN-INHT is used in the time-frequency a-
nalysis of blasting seismic wave signals in an underground cavern,and it is found that the algorithm can effectively o-
vercome the inherent mode confusion of EMD,and at the same time obtain the time-frequency-energy characteristic
parameters reflecting the real blasting vibration attributes. It is of practical significance to carry out resonance analy-
sis of blasting excavation in caverns from the perspective of frequency and energy, and to realize blasting seismic
wave hazard control.
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Table 1 Energy values of typical seismic wave signals in each frequency band

Sty 0 ~100 Hz 100 ~200 Hz 200 ~400 Hz 400 ~800 Hz >800 Hz
o | 0.291 x10~* 0.235x107° 0.682 x10°° 0.973 x10°° 2.351x10°°
fo
;T Zh1a] 0.527 x107° 0.314 x10°* 0.414 x10~* 1.863 x10* 4.418 x107*
VAN
T[] 0.536 x10°° 0.367 x10~* 0.549 x10~* 1.926 x10* 5.156 x10~*
BAARERILE  3.973x107° 3.031 x107* 7.783 x10~* 1.288 x10°* 3.308 x10~*
b M RE R R 0.695% 5.302% 13.613% 22.529% 57.861%

I 1 DU BUAS YRR 3 R s 5 =
REARAE HAE 100 Hz LA iZ 45 R Pritfe 2 1)
gER—5, HA KT 800 Hz fiF i ikt Hu il ek, o5
GLRETR 19 57. 861 % ; HUCRAE 400 ~800 Hz JiBe, i%
B e S RE R A LB 22. 529% 5100 Hz DL R
ARE SR & HEAR/ M A7 S BB Y 0. 695% o 1iij 3t T 71
%= AARIARTE 10 ~40 Hz 7oAy, R4 1 AT HIZ
BeRE AL b7 FUMAR, ] 0 25 40 W7 v i) 32 ) 5 AR T 42
A EABIT I % i R

25 LTIk i AR T s A A HR 1 e = 5
IAES A2 R AL LA K R &6 i 2 4R, DA e e
M R P L A VEAG I, n] LA 25 SR 3 Xk BE A i) 8
RSN , ol M T A g U i S I 2% B, AN Hf A B
CEEMDAN-NHT 5395 RJ E A7 45 5 b 5% 5 45 5 I3t
SrAT, A% 2R IME JAT T B RS 00 A 5 1k — 2%
CEEMDAN 15 2y IMF 347 NHT n] 45 2] B A7 S2Pr
Py B SR AR RE 2 R, S BM I R -RE A ik
A 4T ) 2 R R A5 5 | R 0 A B A TIF) 28 IR o o
e, A B TR R R G 3T

5 #it

(1) CEEMDAN-INHT 45 43 #7 34 : # CEEM-
DAN XM 75 Aty i 1 BE 7 00 INHT Xef % 4543 At b B
REJIARZE &, 7 R B 20 15 55 RS2 MUAE 5 B
L3 ARG 30 12 B Y 7 44 v MR A M R DA 5 I 40T
B2 7 T HA TR A I RCR

(2) CEEMDAN-INHT B 351 43 A7 53, T 3% i Jig
TN L R AR T 2 I R -SR-
() A X 7 DG 2R, T20K I 5 R AR I AR e B Bh R AiE L H1)
Wik i 2 15 51 & R A T = b4k 2 A 520 Y
VNI

(3) W = AR B B o3 A AR AR L B — 2 1
SR, EEAER S T AE 100 Hz LU AR B, B 4 fig
o s TR RE & b AR TR LR RR )
A Dl 800 Hz L L Jr b R d Lol i K, o B fE 12

1Y 57.861% ; H:yk J2 400 ~ 800 Hz A BL, (5 BLBE = 1)
22.529% ;100 Hz LT agfg s &5 FL AR /MY 5 e i
1 0.695%

2 % 3Lk ( References)

(1] sk KR R B 52 i 15 7K o 0l P R JH R
S4B Jyma PEAFAEATFEL D T BB TR 5, 2018.

[2] PENG Ya-xiong. Study on the dynamic responses of bridge
piers under the synergistic effects of seismic wave and wa-
ter shock wave induced by the underwater drilling and
blasting[ D ]. Wuhan; China University of Geosciences,
2018. (in Chinese)

(2] BRWEHE, DUSCH BOBAR, 45 25 T/ NI B Hh Bk g
B DR AR Sh A PR T [T ], PR 3h 5 vh i, 2022,
41(6) ;222-228 ,255.

[2] CHEN Ji-hui, QIU Wen-ge, ZHAO Xu-wei, et al. Vibra-
tion characteristics analysis of the metro tunnel subarea
blasting based on wavelet packet technique[ J ]. Journal of
Vibration and Shock, 2022, 41 (6) :222-228,255. (in
Chinese)

(3] THSRBH. KN Bl LR FH T 28 1 320 394 8 g v 1oz e i
B @ v [ D] DL v b B R 2, 2021

[3] MA Chen-yang. Study on dynamic response characteristics
and stability of bankside slope under the action of under-
water drilling and blasting[ D ]. Wuhan ; China University
of Geosciences,2021. (in Chinese)

(4] JH F 2l T 7K S 2R T 2 B A5 PRl 4 3 D 483 ) =
2 30 S AR A FE [ D ] B0 A 5 R 2 BT
2019.

[4] ZHOU Yu-chun. Study on damage of surrounding rock and
dynamic response characteristics of adjacent caverns un-
der excavation blasting in underground water-sealed oil
storage caverns[ D]. Wuhan; China University of Geosci-
ences,2019. (in Chinese)

[5] HUANG N E,SHEN Z,LONG S R, et al. The empirical
mode decomposition and the Hilbert spectrum for nonlin-
ear and non-stationary time series analysis[ J]. Proceed-

ings A,1998,454(3) :903-995.



20 M 2024 43
[6] WU Z H,HUANG N E. Ensemble empirical mode decom- [14] WU J,WU L,SUN M, et al. Application of boundary lo-
position; A noise-assisted data analysis method [ J ]. Ad- cal feature scale adaptive matching extension EMD end-
vances in Adaptive Data Analysis,2009,1(1) ;1-41. point effect suppression method in blasting seismic wave
(7] x| ¥, kS, BAEpk, 45 R F U MES SR signal processing [ J ]. Shock and Vibration, 2021,
BITEPRENE S o0k [ 1], 1588 K241, 2016, 2021(5) :19.
50(9) :1452-1459. [15] MAR A E Torres, MARCELO A Colominas, GAST N
[7] LIU Tao, DU Shi-chang, HUANG De-lin, et al. Vibration Schlotthauer, et al. A complete ensemble empirical mode
signal decomposition based on an improved ensemble em- decomposition with adaptive noise[ C] // Proceedings of
pirical mode decomposition method[ J]. Journal of Shang- the IEEE International Conference on Acoustics, Speech,
hai Jiao Tong University, 2016,50 (9) ; 1452-1459. (in and Signal Processing, [CASSP 2011, May 22-27,2011,
Chinese) Prague Congress Center, Prague, Czech Republic. IEEE,
[8] SUN M,WU L, LI C J,et al. Smooth model of blasting 2011:4143-4147.
seismic wave signal denoising based on two-stage denois- [16] HUANG N E,WU Z,LONG S R, et al. On instantaneous
ing algorithm[ J ]. Geosystem Engineering,2020,23(4) . frequency [ J ]. Advances in Adaptive Data Analysis,
234-242. 2009,1(2) :177-229.
(9] Afhwesi,ar 4%, B 53, F BUIRAES 3 MaR [17] FEifpde, 2 W, A, 455 CEEMDAN-/NE AR
BRSO [T ] TR ERRE,2021,27(3) :21- FEMR R OL ATk L) ] il ,2021,50(4) :48-53.
28. [17] WANG Hai-long, LI Shuai,ZHAO Yan, et al. Optimiza-
[9] FU Xiao-giang, YU Jin,CU Xiu-gin, et al. Study on differ- tion method of CEEMDAN-Wavelet packet joint noise re-
ence of three empirical mode decompositions of blasting duction[ J ]. Explosive Materials,2021,50 (4 ) ;48-53.
vibration signal [ J ]. Engineering Blasting,2021,27(3) : (in Chinese)
21-28. (iin Chinese) (18] RRITHE, JRBUE W T, 55, F 3G LR A AR e 28
[10]  f& e, B, FRUR, 45, BT A & N CEEMD fy B e B HAE NI B2 i v ) 2 [T . 9k 3
ARG S b ik [T ). R sh. K512 W7, 2020, TAE,2021,34(4) :869-878.
40(1) :54-61,203. [18] ZHENG Jin-de, SU Miao-xian, PAN Hai-yang, et al.
[10] XU Bo, LI Hui-peng, ZHOU Feng-xing, et al. Non-sta- Weighted mean-optimized empirical mode decomposition
tionary signal analysis method based on adaptive with adaptive noise and its applications in mechanical
CEEMD( J]. Journal of Vibration, Measurement & Diag- fault diagnosis [ J ]. Journal of Vibration Engineering,
nosis,2020,40(1) :54-61,203. (in Chinese) 2021,34(4) :869-878. (in Chinese)
[11] B2 5 HHT S0k ok K H A A J22 T80 v 4 1 4 [19]  SReA, RS A, 4224 %2, 45, 5T CEEMDAN 514
FELD ] B P E TR, 2016. 5 SVM YRR HE e i e R U [T ] ik gl Mk 512
[11] LIANG Yue. An improved Hilbert-Huang transform and Wr,2021,41(1) :33-40,198-199.
its application in reservoir prediction[ D]. Wuhan ; China [19] JIANG Ling-li, TAN Hong-chuang, LI Xue-jun, et al.
University of Geosciences,2016. (in Chinese) Fault diagnosis of spiral bevel gear based on CEEMDAN
[12] WU J,WU L,SUN M, et al. Analysis and research on permutation entropy and SVM[ J]. Journal of Vibration,
blasting network delay of deep-buried diversion tunnel Measurement & Diagnosis, 2021,41 (1) :33-40, 198-
crossing fault zone based on EP-CEEMDAN-INHT[ J]. 199. (iin Chinese)
Geotechnical and Geological Engineering, 2021, DOI,; [20] Zeytils. T HREE R A B ZE ROV 5T [ D], i
10. 1007/s10706-021-01968-9. BRI ,2007.
[13] MA CY,WU L,SUN M, et al. Time-frequency analysis [20] LI Hong-tao. Study on effect of blast-induced seismic

and application of a vibration signal of tunnel excavation
blasting based on CEEMD-MPE-HT[ J ]. Shock and Vi-
bration,2021.

based on energy theory[ D ]. Wuhan; Wuhan University,
2007. (in Chinese)

EX A K A



	2024封面1
	页 1
	页 2

	爆破2401目录
	爆破2401


 
 
    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     AllSame
     1
            
       D:20240318185729
       841.8898
       Blank
       595.2756
          

     Tall
     1
     0
     0
     561
     319
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         2
         AllDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     0
     222
     221
     222
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     AllSame
     1
            
       D:20240318162911
       841.8898
       Blank
       595.2756
          

     Tall
     1
     0
     1
     956
     212
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         3
         AllDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     0
     2
     1
     2
      

   1
  

    
   HistoryItem_V1
   Nup
        
     去除印张余的空白： 是
     允许页面缩放： 无
     边空及裁切标记： 无
     印张大小： 45.000 x 45.000 inches / 1143.0 x 1143.0 mm
     印张方向： 最佳适合
     布局： 纵向1行，横向1列
     排列： 中
      

        
     0.0000
     2.8346
     8.5039
     0
     Corners
     0.2835
     ToFit
     0
     0
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     0
            
       D:20240318163652
       3240.0000
       Acrobat 3.0 Maximum
       Blank
       3240.0000
          

     Best
     947
     185
    
    
     0.0000
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     C
     0
            
       CurrentAVDoc
          

     0.0000
     1
     2
     0
     0
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





