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Abstract: In order to solve the selection of the optimal wavelet basis for the gas pipeline leak monitoring, the 
feature of wavelet basis especially for gas pipeline leak monitoring and positioning has been summarized based 
on the analyze of wavelet basis parameters characteristic and gas pipeline leak negative pressure wave signal 
feature. A parameter which named reconstruction and mutation joint factor has been introduced to judge the de-
noising and positioning effect, and the result has been gotten: the db5 wavelet basis is the optimal wavelet basis 
for the gas pipeline leak monitoring and positioning. The subsequent simulation test verified the correctness of 
the result. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Gas pipeline leak will bring the inevitable threats 
and losses for people. It is an important issue for gas 
safety technology to discover the gas pipeline leaks 
timely and pinpoint the location of the leak. The 
method of negative pressure wave based on the 
wavelet analysis is an effective way to the detection 
and location of gas pipeline leak, and has a good 
prospect [1].  

But not all the wavelet basis is suitable the gas 
pipeline leak monitoring, because different wavelet 
basis have the different time-frequency 
characteristics, and it is often show the different 
results if we use different wavelet basis to analyze the 
same signal [2]. So, it makes difficulty to the 
monitoring of the gas pipeline leak. Therefore, the 
appropriate wavelet basis selection is the most 

important issue to the gas pipeline leak wavelet 
technology monitoring. The comparison and 
selection of wavelet basis is a difficult problem to the 
application of wavelet technology all the time. There 
is no systematic method and theory to solve this 
problem at present [3].  

In this paper, both the basic parameters 
characteristics of wavelet basis and the actual signals 
process effect of common wavelet basis have been 
analyzed. The feature of wavelet basis especially for 
gas pipeline leak monitoring and positioning has been 
summarized, and a parameter which named 
reconstruction and mutation joint factor has been 
introduced to judge the de-noising and positioning 
effect. At last, the optimal wavelet basis for gas 
pipeline leak monitoring and positioning has been 
given, and the subsequent simulation test verified the 
correctness of the result. 
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2. The Gas Pipeline Leak Detection and 
Location Based on Negative Pressure 
Wave Wavelet Analysis Technology 

 
When a pipeline leak, the instantaneous pressure 

drop will occur at the location of the leak. So, a low 
density negative pressure wave which is lower than 
the pressure inside the pipe will form. The negative 
pressure wave propagates from the leak to the two 
ends of the pipe at certain speed because of the effect 
of the waveguide tube. Using the time difference of 
the negative pressure wave at both ends of the pipe 
(which can be detect by two pressure sensors at two 
ends of the pipe) and the wave propagation velocity 
in the pipe, the leak location can be achieved by 
simple calculation [4]. The collected weak pressure 
signal buried in the noise as the gas pipeline severe 
environment and coupled with the inevitable 
industrial field electromagnetic interference, 
compressor vibration, working conditions changes 
and other factors [1]. Thus, the identification of the 
pressure dump point precisely becomes very difficult. 
Fig. 1 shows a noised upstream and downstream 
pressure signal waveform of a leaking gas pipeline. 
 
 

 
 

Fig. 1. The upstream and downstream pressure signal 
waveform of a leaking gas pipeline. 

3. The Selection of the Optimal Wavelet 
Basis for Gas Pipeline Leak 
Monitoring and Positioning 

 
3.1. Select Wavelet Basis Based on the 

Characteristics of Wavelet Parameters  
 
3.1.1. The Important Parameters and 

Characteristics Analysis of Wavelets 
Basis 

 
There are five important parameters of wavelet 

basis [5-7]: orthogonality (or bi-orthogonality), 
symmetry (or linear phase), regularity, vanishing 
moments and compact support. Orthogonality reflects 
the degree of wavelets’ perfection and describing the 
degree of data’s redundancy. The strict norms 
orthogonal are conducive to the reconstruction of 
wavelet coefficients accurately. The symmetrical 
wavelets have the linear phase. The symmetrical 
filter set can insensitive the quantization error near 
the symmetrical edges and can avoid the phase 
distortion of the signal decomposition and 
reconstruction. The regularity reflects the 
differentiability of wavelet bases and is a description 
of the smoothness of the wavelet function. It is 
necessary to effectively find singularity of the 
signal’s wavelet transform. Most of the higher 
regular orthogonal wavelets have the higher 
vanishing moments [8]. The size of the vanishing 
moments determines the convergence rate of wavelet 
approximating to the smooth function and indicates 
the concentration of energy of the wavelet transform. 
The support width reflects the ability of wavelets’ 
localized. The support width is smaller, localized 
capabilities of wavelet is stronger, and the 
computational complexity of wavelet transform is 
lower [9]. In the other hand, a greater support width 
makes a better regularity. The Table 1 shows the 
corresponding parameters of the generally wavelets. 

 
 

Table 1. Parameters characteristic of different wavelet basis 
 

Name Haar 
Daubechies 

(dbN) 

BiorSplines 
(biorNr.Nd) 

Coiffets 
(CoifN) 

Symlets 
(symN) 

Orthogonality  yes yes no yes yes 

Bi-orthogonality yes yes yes yes yes 

Symmetry yes 
symmetry  

approximately 
no 

symmetry  
approximately 

symmetry  
approximately 

Compact support  yes yes yes yes yes 

Vanishing moments 1 N Nr-1 2N 2N 

Support width 1 2N-1 
reconstruction 2Nr+1 
decomposition 2Nd+1 

6N-1 2N-1 

Fliter length 2 2N 
reconstruction 2Nr+2 
decomposition 2Nd+2 

6N 2N 
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3.1.2. Characteristics of Wavelets Fitting  
for Gas Pipeline Leak Monitoring 

 

The collected negative pressure wave signals 
usually submerged in strong noise because the gas 
pipeline always lie in extremely harsh environments, 
and be converted from a pressure sensor. Serious 
distortion of the signal will occurred sometimes. 
Thus, the characteristics of the leak signal are low 
signal to noise ratio and has singular. So, it is 
necessary to separate the signal and noise and restore 
the original signal waveform from the strong noise. 
The singular of signal reflects the mutation of the 
pipeline pressure and it plays a key role to locate 
leaks. Therefore, the de-noising processing of 
pipeline leakage signal not only to improve the signal 
to noise ratio but also to extract the singular 
information [10]. Addition, fast speed signal 
processing is required because the characteristics of 
real-time pipeline leak monitoring [11]. So, the 
choice of wavelet should consider the above factors 
comprehensively. Combined with the nature of the 
parameters of wavelets above and requirements of 
pipeline leak detection, the wavelets available for 
pipeline leak monitoring should have the following 
characteristics: 

(1) Symmetry appropriately: Due to the 
symmetry requirements of filter set for the 
pipeline leak monitoring is not very high, the 
approximately symmetric wavelets can be 
select. 

(2) Good orthogonality: In order to reconstruct the 
wavelet decomposed pipeline leakage signal 
accurately, the good orthogonality should be 
chosen. But considering the application 
advantages of biorthogonality wavelets, the 
biorthogonality wavelets can also be selected. 

(3) High vanishing moments: if the vanishing 
moments of wavelets is high, the wavelet 
coefficients of the smooth part of the signal will 
reduce rapidly with the increases of the 
decompose scale, but the wavelet coefficients of 
a singular point will not become smaller quickly 
with the increases of the decompose scale. 
Thus, the singularity position of the signal can 
be determined quickly. So the wavelet basis 
with high vanishing moments should be chosen 
for pipeline leak monitoring. 

(4) Good regularity: The necessary conditions to 
find the singularity of signal effectively in the 
wavelet transform is the wavelet basis must be 
differentiable continuously, while most of the 
orthogonal wavelets with higher regularity 
means have higher vanishing moments. 
Therefore, for gas pipeline leak monitoring, the 
wavelets with higher regularity is the better. 

(5) The compact support length moderately: As 
regularity related with the size of the support, 
the greater support length means the better 
regularity. Meanwhile, the wavelets with the 
smaller support length have the stronger ability 
to localized, the computational complexity of 

the wavelet transform is lower and the achieve 
speed is faster. Therefore, a moderate compact 
support length wavelets should be selected 
accounting to the requirements of computing 
speed and signal singularity for pipeline leak 
monitoring 

Based on the above analysis, combined with the 
parameters characteristics of each wavelet bases in 
Table 1, a preliminary conclusion can be obtain: a 
certain order of Daubechies (dbN) and Symlets 
(symN) wavelet basis is more suitable for a gas 
pipeline leak monitoring. 
 
 
3.2. Select Wavelets Based on the Evaluation 

Index of Actual Results 
 

The methods which select wavelet basis by 
comparing the actual signal process effect of various 
wavelet basis have good practicality. In order to find 
the specific applicable wavelets for the gas pipeline 
leak monitoring, in this section, the further wavelets 
selection has been done based on the practical 
application effect of different wavelets. 
 
 
3.2.1. Select Wavelets Using the 

Reconstruction and Mutation  
Joint Factor 

 
There are several evaluation index be used to 

select wavelet basis in accordance with the actual 
effect [3]: The ability of the signal reconstruction, the 
accuracy or reliability of the signal characteristics 
identification, the calculation speed, the edge effect 
and energy leakage, etc.  

Where the ability of the signal reconstruction 
indicates the wavelets’ capability which 
reconstructed the interest signal band from the 
original signal, and it can be used as a denoising 
evaluation index of wavelets. The accuracy or 
reliability of the signal characteristics identification 
refers to the accuracy and reliability of the interest 
feature extraction from original signal, and it can be 
used an evaluation index of feature extracting 
capabilities of wavelets.  

On the one hand, the applications of wavelet 
technology in the gas pipeline leak monitoring be 
hoped to remove the strong noise as possible and 
extract the true pressure signal, on the other hand, it 
be wanted to extract the signal’s singular information 
effectively and pinpoint the leak point. Therefore, 
both the ability of the signal reconstruction and the 
accuracy or reliability of the signal characteristics 
identification can be the evaluation index of optimal 
wavelet basis selection for the gas pipeline  
leak monitoring.  

Here introduce a parameter – reconstruction and 
mutation Joint factor (ξ ), it can reflect 

comprehensive performance of wavelets form both 
the ability of signal reconstruction and the accuracy 
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of the signal characteristics identification. If the value 
of a wavelet basis’s ξ  is greater, the effect of the gas 

pipeline leak monitoring using this wavelet is better. 
1) Reconstruction Factor. 
First, define a reconstruction factor ρ , which 

aims to guarantee integrative deviation and local 
deviation between the denoising signal and original 
signal can be fully reflected according to the two 
distances of vectors. Let the original signal is S , the 

signal plus noise is nS , the denoising signal obtained 

by using wavelet denoising technology is 1S . 

Considering both the integrative deviation and the 
local deviation may exist at same time, so the 
reconstruction factor is defined as: 
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1dγ  is the integrative deviation factor ( 01 ≥dγ ), 

2dγ  is the extreme deviation factor ( 02 ≥dγ ), and 

121 =+ dd γγ .  

The Euclidean distance 
2

1SS −  in the 

Formula (1) reflect the integrative deviation between 
the denoising signal and the original signal, and the 

distance ( )1max SS −  reflects the local deviations 

between the denoising signal and the original signal. 
In general, the large integrative deviation always 
accompany with the large local deviations, and vice 
versa [12]. Because the Euclidean distance in the 

formula divided by L  before adding with local 
deviations (in parenthesis, the first part represent the 
average deviation between each elements of the two 
vectors), the weight of reconstruction relative error in 
this paper is both 0.5. If the value of a wavelet basis’s 
ρ  is greater, the effect of the separation of signal to 

noise using this wavelet is better. 
2) Mutation Factor. 
Then define a mutated σ , its purpose is to 

measure the size of the signal amplitude of feature 
position relative to the integrative energy and the 
local energy of the signal in all decomposition scale 
spatial, and then measure the accuracy or reliability 
of the signal characteristics identification. Let the 
signal length is L , p  is the location of the feature, 

ix  is the thi layer reconstructed signal which 

obtained by using the wavelet singularity analysis 
technology. Considering the relationship between the 
integrative characteristics and local features, definite 
the mutation factor especially as: 





















+=


+

−=

Mp

Mpj
ij

ip

f

i

ip

f

x
M

x

Lx

x

2
221

2

1
max λλσ , 

(2) 

 
where M  is the constant related to the signal length, 

in this paper, 2LM = . 
=

=
L

j
iji xx

1
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1f
λ is 

the integrative feature factor ( 01 ≥fλ ), 2fλ  is the 

local feature factor ( 02 ≥fλ ), and 121 =+ ff λλ , 

in this article, both of 
1f

λ  and 2fλ  is 0.5. If the 

value of a wavelet basis’s σ  is greater, the effect of 
the analysis of signal’s singular using this wavelet is 
better. 

3) Reconstruction & Mutation Joint Factor. 
Then, the reconstruction and mutation joint factor 

ξ  can be defined as the weighted addition of 

reconstruction factor ρ  and mutation factor σ , i.e.: 

 
 σκρκξ 21 += , (3) 

 

where 1κ  and 2κ  are the weights of reconstruction 

factor and mutations factor respectively, and 

121 =+κκ . Because of the same importance of the 

de-noising and singularity feature extraction in the 

gas pipeline leak monitoring, both of 1κ  and 2κ  are 

0.5 in this paper. 
 
 
3.2.2. Selection Results 
 

The upstream pressure signal of Fig. 1 is been the 
analyzed object. In order to select the suitable 
wavelet basis for gas pipeline leak monitoring, the 
reconstruction and mutation joint factor of 
54 processed signals using 54 commonly used 
wavelet basis (four kinds of wavelet sets) have been 
calculated and compared respectively. Considering 
the randomness of the noise, five experiments have 
been done for each wavelet basis, and calculate the 
average of the five reconstruction and mutation joint 
factors. This average is been the reconstruction and 
mutation joint factor of the corresponding wavelet. 
The calculated results are shown in Table 2. For 
clarity, a statistical chart of these reconstruction and 
mutation joint factors has been draw by numbered 
corresponding wavelet basis sequentially in each of 
the wavelet sets. The chart is shown in Fig. 2, which 
shows that, for the gas pipeline leak pressure signal, 
the reconstruction and mutation joint factors of the 
lower order Daubechies wavelet are greater than the 
other wavelets. It shows the effect of de-noising and 
feature extraction of these wavelets is better than the 
other wavelets. Therefore, combine with the results 
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of the discussion in the first part, the final selected 
result can be obtained: db3-db9 wavelets, especially 

db3, db5, and db7 wavelet basis are more suitable for 
the gas pipeline leak monitoring. 

 
 

Table 2. The reconstruction and mutation joint factors of different wavelet basis in gas pipeline leak monitoring. 
 

wavelet db1 db2 db3 db4 db5 db6 db7 db8 db9 

joint factor 1.0778 1.0322 1.2583 1.0644 1.3372 1.1358 1.2926 1.2222 1.1314 

wavelet db10 db11 db12 db13 db14 db15 db16 db17 db18 

joint factor 1.0279 1.0112 1.0254 1.0475 1.0008 1.0057 0.9975 0.7913 0.9318 

wavelet db19 db20 db21 db22 db23 db24 db25 db26 db27 

joint factor 0.8873 0.9521 0.9408 0.8501 0.9643 0.7943 0.8932 0.8286 0.9075 

wavelet db28 db29 bior1.3 bior1.5 bior2.2 bior2.4 bior2.6 bior2.8 bior3.3 

joint factor 0.7992 0.8252 0.6242 0.6109 0.7947 0.7669 0.7473 0.8114 0.7091 

wavelet bior3.5 bior3.7 bior3.9 bior4.4 bior5.5 bior6.8 Coif1 Coif2 Coif3 

joint factor 0.7587 0.7963 0.6194 0.6315 0.5646 0.3388 0.8167 0.8831 0.9105 

wavelet Coif4 Coif5 sym2 sym3 sym4 sym5 sym6 sym7 sym8 

joint factor 0.9416 0.9252 0.9059 0.9185 1.0834 1.0016 0.9176 0.9267 0.8972 
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Fig. 2. The reconstruction and mutation joint factors  
of 54 wavelet basis. 

 
 

4. Comparison and Analysis of the 
Simulation Results 

 

4.1. Comparison and Analysis of De-noising 
Results 

 

To further prove the above select results, the de-
noising of the upstream negative pressure wave 
signal of Fig. 1 have been done with db3, db5, sym2, 
Coif3 and bior2.4 wavelets respectively at the  
same scale. The results are shown in Fig. 3 (the first 
curve is the noised upstream negative pressure wave 
signal, and the others are the de-noising signals). 
Compare to the de-noising results that can be seen: 
db5 wavelet eliminates the noise interference 
obviously, and the de-noising signal preserves the 
position and shape of the signal mutation point well. 

Although the other wavelets can remove the noise in 
a certain extent, but the de-noising signals have a 
certain degree of distortion, and can not preserved the 
position and shape of the mutation well. Therefore, 
db5 wavelet is more suitable for the wavelet de-
noising of gas pipeline leakage signal.  
 
 
4.2. Comparison and Analysis of  

Positioning Results 
 

In addition, the multi-scale wavelet analysis of the 
de-noising upstream negative pressure wave signal 
have been done used db3, db5, sym2, Coif3 and 
bior2.4 wavelets respectively, and the results are 
shown in Fig. 4 (the first curve is the reconstruction 
signal which reconstructed by each scale component 
of multi-scale decomposition with db5 wavelet basis, 
and the others are the high-frequency components of 
each wavelet singular analysis under the same scale). 
The comparison of the analysis results show that the 
high-frequency components of db5 wavelet 
corresponding has a noticeable spike at the leak 
point, reflect the singularity and singular point of the 
signal clearly. It means that db5 wavelet can realize 
the accurate position. Although the high-frequency 
component of the other wavelets corresponding can 
also show the peaks near the leak point, but the 
amplitude of the peaks are smaller and the position of 
singular point is not precise. That means these 
wavelets can not realize the accurate position for the 
gas pipeline leak monitoring. 

So, the application of db5 wavelet can monitor 
the gas pipeline leaks effectively, and achieve the 
accurate positioning of the leak point. Therefore, the 
db5 wavelet is the optimal wavelet basis for the gas 
pipeline leak monitoring. 
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Fig. 3. The comparison of the de-noising results of different wavelet basis. 
 
 

 
 

Fig. 4. The comparison of the positioning results of different wavelet basis. 
 
 

5. Conclusion 
 

In this paper, both the basic parameters 
characteristics of wavelet basis and the actual signals 
process effect of each wavelet basis are analyzed. 
The optimal wavelet basis for gas pipeline leak 
monitoring is given. First, according to the 
characteristics of the gas pipeline leakage signal, the 
characteristics of wavelet for the gas pipeline leak 
monitoring have been summarized based on the 
analysis of the basic parameters and nature of 
wavelets. The point that the lower order Daubechies 

and Symlets wavelets more suitable for gas pipeline 
leakage signal monitoring has been proposed. Next, 
the reconstruction and mutation joint factors have 
been introduced to judge the actual effect of de-
noising and feature extraction. The reconstruction 
and mutation joint factor corresponding to 54 
commonly used wavelet basis in four kinds of 
wavelet sets have been calculated and compared, and 
the conclusion is: db5 wavelet is the optimal wavelet 
basis for gas pipeline leak monitoring. Finally, a set 
of simulation and comparison results show the 
validity of the conclusion. 
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