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Abstract. The existence of noise will make the results of time-frequency analysis of blasting 
seismic wave lack of authenticity. In order to obtain the real blasting vibration characteristics, a 
method based on the complementary ensemble empirical mode decomposition with adaptive 
noise and establishing objective function is proposed. The process of noise reduction is divided 
into three steps. Firstly, the noise signal is decomposed by the complete ensemble empirical 
mode decomposition with adaptive noise, and the noise reduction algorithm is established 
based on the intrinsic mode function obtained from the decomposition; secondly, the objective 
function considering the smoothness of the noise reduction algorithm and its correlation with 
the measured signal is established; finally, the algorithm corresponding to the optimal solution 
of the objective function is found, which is the noise reduction model of blasting seismic wave 
signal. The model is applied to the de-noising of blasting seismic signal, and the de-noising 
ability of the model is analyzed by the noise reduction error ratio. The analysis results show 
that the model can reduce the noise of the seismic monitoring signal with noise on the premise 
of fully preserving the real components of the blasting seismic signal. 

1. Introduction 
The blasting seismic wave signal has strong background noise and non-stationary characteristics [1], 
which results in the lack of authenticity of the time-frequency analysis result of the blasting seismic 
wave signal. It is difficult for time-frequency analysis method to extract reliable characteristic 
parameters from blasting seismic signals to reflect the attenuation law of blasting vibration [2].In order 
to obtain accurate blasting vibration characteristics, noise reduction must be performed on the blasting 
seismic wave signal [3-4].  

At present, Empirical mode decomposition (EMD) [5] and its improved algorithm [6] have been 
widely used in noise reduction. The decomposition results of EMD under noise interference will cause 
modal confusion [7], and the impact of its improved algorithm on the completeness of the original 
signal cannot be completely removed [8]. 

In summary, this paper proposed a noise reduction model based on the complementary ensemble 
empirical mode decomposition with adaptive noise (CEEMDAN) and establishing objective function. 
CEEMDAN plays the role of noise reduction in the first stage; controlling the smoothness coefficient 
in the objective function can perform noise reduction in the second stage; controlling the correlation 
coefficient in the objective function can avoid excessive noise reduction. The obtained noise reduction 
model is used in the actual seismic wave signal noise reduction processing, and the noise reduction 
effect of the model is analyzed by the noise reduction error ratio [9]. 
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2. Complete Ensemble Empirical Mode Decomposition with Adaptive Noise 
Complementary ensemble empirical mode decomposition with adaptive noise (CEEMDAN) [10] is to 
add a limited number of adaptive white noises at each stage of the EMD, which can achieve a 
reconstruction error of almost zero with fewer average times. See reference [10] for the detailed 
decomposition process. 

According to reference [10], it can be seen that after the original signal S(t) is decomposed by the 
CEEMDAN algorithm, k intrinsic mode functions(IMFs) and the remainder(R)[11] can be obtained. See 
equation (1) for specific expression. 

   i
1

k

i

S t IMF R


   (1) 

A noise reduction algorithm (NR) is constructed based on the IMF obtained in equation (1). For the 
specific expression, see equation (2). R is ignored here. 
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3. Establishing objective function 

3.1. Correlation coefficient between NR and original signal 
The method for calculating the correlation coefficient between NR and the original signal S(t) is 
shown in equation (3), where N is the number of sampling points, and x and y correspond to the S(t) 
and NR. 
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According to equation (3), it can be known that the larger rxy is, the higher the degree of similarity 
between NR and S(t) is, otherwise it is the opposite. The goal in this paper is to make rxy as large as 
possible to preserve the authenticity of S(t). 

3.2. Smoothness coefficient between NR and original signal 
The smoothness coefficient between NR and S(t) is solved as follows. It is known that any smooth 
curve f(x) has a first-order continuous derivative in its domain, then the derivative at any point x0 in its 
domain satisfies equation (4), Where h is the increment of x. 

            0 0 0 0' '
0 0

0 0
lim lim
h h

f x h f x f x h f x
f x f x

h h  
 

   
    (4) 

If f(x) is a smooth curve composed of u(x) and v(x), then the connection point w0 (within the 
domain) of the curve also satisfies equation (5). 

            0 0 0 0' '
0 0

0 0
lim lim
h h

u w h u w v w h v w
u w v w

h h  
 

   
    (5) 

According to the definition of curvature, satisfying Ku|w=w0=Kv|w=w0 at w0, and then combining 
equation (5), equation (6) can be obtained, where u''(w0) and v''(w0) are the second derivative at w0. 
Expanding u''(w0) and v''(w0) in equation (6), we get equation (7) and equation (8) respectively. 

 u''(w0)=v''(w0) (6) 
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It is known that the derivable function must be continuous, and equation (6) to equation (8) can be 
sorted out to obtain equation (9). Equation (9) studies the smoothness of the combined curve. Then for 
any smooth curve y=f(x), the smoothness coefficient (rsc) is shown in equation (10), where h is the 
sampling interval. 

        0 0 0 02 2 2 0v w h u w h v w h u w h            (9) 

        
0 0 0 0 02 2 2SC x xr f x h f x h f x h f x h             (10) 

From equation (10), it can be found that the smaller rsc is, the smoother the curve is around x0, and 
the higher the noise reduction degree is. By controlling rsc, the degree of noise reduction can be 
controlled. Too high noise reduction will lead to the loss of the real components of S(t), so the control 
of rsc is very important. 

3.3. Establishing objective function considering correlation coefficient and smoothness coefficient 
By setting the weight coefficient ξ, the objective function(Fobj) ,can consider both the smoothness of 
NR itself and the correlation between NR and S(t).The expression is shown in equation (11), and the 
relevant parameters are defined as before. Through the analysis of Sections 2.1 and 2.2, it can be seen 
that the NR at which Fobj obtains the minimum value is the noise reduction model of the blasting 
seismic wave. 

  1
1obj SC

xy

F r
r

       (11) 

4. Application research on the noise reduction model of the measured blasting seismic wave 
signal 

4.1. Project overview 
Loushan Tunnel is located at the intersection of Luzetai First-class Highway and Dashi Line, and is the 
main traffic route. In order to meet the transportation needs, the original two-way four-lane tunnel was 
expanded in situ into a two-way eight-lane tunnel. During the closed construction period of the right 
tunnel, the left tunnel needs to be kept open to traffic. 

According to the design of the construction organization, it is known that the distance between the 
right tunnel and the left tunnel during blasting is about 27 to 33m. The blast vibration monitoring 
adopts TC-4850 blast vibration meter, and the arrangement of measuring points is shown in Figure 1. 
It is necessary to consider the impact of blasting operation in the right tunnel on the left tunnel of 
maintaining traffic operation, and the noise reduction of blasting seismic wave signal is the first step of 
blasting hazard control. 
 

27~33m
Explosive source

The lining

Measuring point

2m
3m

direction of tunnel excavation

The right line of loushan tunnel

radial

vertical

longitudinal

The left line of loushan tunnel
 

Figure 1. Layout of measuring points 
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4.2. Processing of the measured signal by the noise reduction mode 
According to the on-site blasting vibration monitoring plan, a typical blasting seismic wave 
monitoring signal is selected as the noise reduction processing object, as shown in Figure 2. Using 
CEEMDAN to decompose the signal in Figure 2, the decomposition results are shown in Figure 3. 
 

 

 

 

Figure 2.Blasting seismic wave monitoring 
signal 

 Figure 3. Decomposition results of CEEMDAN 

 
According to the analysis in Section 1, and based on the IMF obtained by CEEMDAN, the NR for 

the measured blasting seismic wave signal S(t) is established, as shown in equation (12). 
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The rsc of NR1-NR6 and the reciprocal of correlation coefficient between NR and S(t) are 
calculated, and the results are shown in Table 1. In order to facilitate comparative analysis, the 1/rxy 
and rsc obtained in this paper are the result of linear standardization. 
 

Table 1 Relevant parameters of noise reduction algorithm 
noise reduction 1/rxy rsc Fobj 

NR1 0.0237 1.0000 0.2189 
NR2

 0.0398 0.0948 0.0508 
NR3 0.2026 0.0076 0.1636 
NR4 0.3749 0.0006 0.3000 
NR5 0.4785 5.7581×10-5 0.3828 
NR6

 1.0000 7.8761×10-8 0.8000 
 

According to table 1, NR1 is optimal when only correlation coefficient is considered. NR6 is 
optimal when only the smoothness coefficient is considered. When the correlation coefficient and 
smoothness coefficient are considered comprehensively, NR2 is optimal. Therefore, when the 
smoothness coefficient of NR and its correlation coefficient with the S(t) are considered 
comprehensively, the optimal noise reduction model of blasting seismic wave signal is NR2. 

By further analysis, a comparison chart between the S(t) and NR1-NR6 is drawn. As shown in 
Figure4, it can be found that NR2 can retain the true information of the original signal and perform 
noise reduction. NR5 and NR6 excessively consider the smoothness of the algorithm, resulting in 
distortion of the noise reduction algorithm. In particular, NR6 has deviated from the S(t). This result 
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reflects from the side that any noise reduction model cannot only consider a single noise reduction 
factor, but also should control the degree of noise reduction. 
 

 
Figure 4. Comparison between noise reduction algorithm and S(t) 

4.3. Analysis of Noise Reduction Effect of Measured Signal 
Cite the noise reduction error ratio (dnSNR) formula in reference [9] to evaluate the noise reduction 
effect of the measured signal. See equation (13), where Ps is the noise-containing signal power and Pn 
is the noise reduction error power, and the dnSNR of NR1-NR6 is calculated by MATLAB. 

 1010log s

n

P
dnSNR

P
   (13) 

 
Table 2 Noise reduction error ratio relative parameters 

Algorithm model Ps Pn dnSNR 
NR1 

1.0903×10-6 

5.1689×10-7 3.2413 
NR2 9.6321×10-7 0.5381 
NR3 9.2147×10-7 0.7298 
NR4 9.2021×10-7 0.7372 
NR5 9.1897×10-7 0.7408 
NR6 9.0074×10-7 0.8278 

 
According to equation (13), it is known that the larger the dnSNR, the less obvious the noise 

reduction is. From Table 2, it can be seen that the noise reduction algorithm NR2 has the best noise 
reduction effect. This result is consistent with the result of the optimal solution of the objective 
function, which reflects the rationality of the proposed model for blasting seismic wave noise 
reduction based on complementary ensemble empirical mode decomposition with adaptive noise and 
establishing objective function. Therefore, the noise reduction model of seismic wave signal proposed 
in this paper can be used in the noise reduction processing of seismic wave monitoring signal with 
noise. This model can reduce the noise of the original signal on the premise of retaining the real 
components of the original signal. 

5. Conclusion 
(1) Based on the IMF obtained by CEEMDAN, a noise reduction algorithm is established to realize 
the first stage of noise reduction. Considering the smoothness coefficient of the noise reduction 
algorithm to achieve the second stage of noise reduction, the correlation coefficient between the noise 
reduction algorithm and the original signal is controlled to avoid excessive noise reduction and retain 
the real components of the original signal. 
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(2) The comparison between the S(t) and NR shows that the noise reduction model cannot only 
consider a single noise reduction parameter. Pursuing noise reduction blindly will cause the true 
details of the original signal to be filtered by the noise reduction model. 

(3) The noise reduction model of blasting seismic signal is evaluated by noise reduction error ratio. 
The results show that the noise reduction error ratio is consistent with the optimal solution of the 
objective function. It is scientific and reasonable to reflect the establishment of noise reduction model 
from the side. 

Acknowledgments 
Thanks to Professor Wu for his patient guidance in the paper research, and thanks to parents, 
boyfriend, younger brother, relatives and friends for their care and support in life. 

References 
[1] Li, X., Li, Z., Wang, E. (2016) Analysis of natural mineral earthquake and blast based on 

Hilbert-Huang transform (HHT). Journal of Applied Geophysics, 128:79-86. 
[2] Yang, R. S., Fu, X. Q., Liang, G. L. (2017) Application of EMD and FSWT combination 

method in blasting vibration signal analysis. Journal of Vibration and Shock, 36: 58-64. 
[3] Gan, Y., Sui, L., Wu, J. (2012) An EMD threshold de-noising method for inertial sensors[J]. 

Measurement, 49:34-41. 
[4] Li, F. Y., Zhang, B., Verma, S., & Marfurt, K. J. (2017) Seismic signal denoising using 

thresholded variational mode decomposition. Exploration Geophysics, 49, 450-461. 
[5] Li, X. B., Zhang, Y. P., Zuo, Y. J. (2005).Wavelet analysis and Hilbert Huang transform of 

blasting vibration signal. Explosion and Shock Waves, 25: 528-535. 
[6] Han, J. J., & Mirko, V. D. B. (2015) Microseismic and seismic denoising via ensemble 

empirical mode decomposition and adaptive thresholding. Geophysics, 80: 69-80. 
[7] Wang, T., Zhang, M. C., Yu, Q. H., & Zhang, H. Y. (2012) Comparing the applications of EMD 

and EEMD on time-frequency analysis of seismic signal. Journal of Applied Geophysics, 83: 
29-34. 

[8] Cheng, J. S., Wang, J., Gui, L. (2018) An improved EEMD method and its application in rolling 
bearing fault diagnosis. Journal of Vibration and Shock, 37: 51-56. 

[9] Sun, M., Wu, L., Zhou, Y. C. (2019) Optimal Denoising Smooth Model of Underwater Drilling 
Blasting Seismic Wave Signal. Journal of South China University of Technology (Natural 
Science Edition), 47: 31-37. 

[10] Sun, M., Wu, L., Yuan, Q. (2020) Time-frequency analysis of blasting seismic signal based on 
CEEMDAN. Journal of South China University of Technology (Natural Science Edition), 
2020, 48:76-81. 

[11] Xie, G. H., Li, H., Yang, L. (2007) Analysis of Intrinsic Mode Functions and Empirical Mode 
Decomposition Method. Journal of Ordnance Engineering College, 19: 61-65. 


