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Abstract 
 

Leak location is one of the most important technologies for gas pipeline leak detection; the 
normal location method is to calculate the time difference with cross-correlation analysis method. 
However, the dispersive leak signals propagate with different sound speeds in different fre-
quency ranges and a large positioning error results in the cross-correlation method for leak loca-
tion. The gas pipeline leak location method based on empirical mode decomposition (EMD) is 
presented. The EMD method allows reconstruction of signals, which are then subjected to 
cross-correlation location method. Simulations and field tests indicate that this location method 
is effective, with significantly improved location accuracy of 1-2% over distances up to 27 m. 
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1. Introduction 
 

Municipal gas pipeline is one of the important infrastructures providing energy supply and 
comprising basic conditions for people’s life and for industry. In the operation process, the gas 
pipeline will inevitably burst or leak because of natural aging, corrosion, third party damage and 
other reasons, which may cause explosions and wide range of fire with great harm to society. 
Therefore, detecting the gas pipeline leak effectively and quickly is important to ensure the safe 
operation. 

 
Pipeline leak signals propagate along the pipe wall as guided waves, leading to different 

sound speeds for leak signals in different frequency ranges and a large positioning error in the 
cross-correlation method for leak location. The gas pipeline leak location method based on em-
pirical mode decomposition (EMD) is presented. The optimized inherent mode components are 
selected and reconstructed after leak signals are decomposed with EMD method. The recon-
structed signals are then subjected to cross-correlation location method. Simulations of gas pipe-
line leakage and field gas pipeline leak detection applications indicate that this location method 
is effective. 

 
2. Pipeline Leak Location Method Based on EMD Correlation Analysis 
 
2.1 EMD algorithm theory 
EMD algorithm is a kind of numerical algorithm for decomposition of time signal on the scale of 
the frequency, and the components will be different scales of fluctuation signal or trend by 
gradually decomposing out. EMD will produce a series of intrinsic mode functions (IMFs) with 
different feature scales. Similar as wavelet transformation, EMD can be seen as Q value filter. 
The difference is that wavelet transformation needs to choose the optimum wavelet basis func-
tion, but EMD is adaptive decomposition according to the feature time scale on the basis of sig-
nal characteristics themselves. The decomposed IMF must meet the following two conditions: 
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(1) The number of extreme points and zero points of a function should be equal or differ by one 
at most; (2) In the function, mean value of maximum value points and enveloped minimum value 
points is zero [1 - 3]. 

 
In the conditions assumed above, the natural modes of a leak AE signal can be separated with 

EMD method [4].  The procedure is as follows: 
(1) Find out all the local extreme value points of the signal. All of the local maximum value 

points and local minimum points are connected with a cubic spline lines (see Fig. 3, ref. [3]) to 
form the upper and lower envelope curves, which should enclose all data points. Mean value of 
the two envelope curves is recorded as m1, the difference of data X and m1 is: 

   (1) 
If h1(t) meets the definition of the IMF, then h1(t) is an IMF1 and the first component of X(t). 

(2) If h1(t) does not meet the definition of the IMF, h1(t) is considered as the original data, 
and repeating the above steps, we get that: 

                            (2) 
where m11(t) is the mean value of the upper and lower envelope curves of h1(t); Judging whether 

 meets the definition of IMF, and then repeating calculation k times, if not, we get that: 
                         (3) 

make  meet the definition of IMF, remembering . 
(3) Separate c1 from data X: 
                               (4) 

Then considering  as the new original data, repeat the above (1) and (2) steps, and we get 
the second component c2 meeting the IMF definition, with repetition to get 

 ;  j = 2, 3, 4,…,n.                 (5) 
The loop ends until  becomes a monotonic function and there will be no more IMF com-
ponent to extract from it. So the original data can be expressed by the sum of IMF components 
and finally residual term (Res): 
 

 
Fig. 1 Test pipeline structure scheme. 
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                             (6) 

Any signal can be decomposed to n IMF components and one residual ; among them c1, c2, 
c3…, cn components contain the different ingredients of signal from high to low frequency bands, 
respectively. From the EMD screening process, we can see that IMF successive extraction al-
ways reflects the high frequency first, and then a lower frequency, and an even lower frequency, 
etc. The goal is to eliminate the mode superposition of wave and to make the wave outline more 
symmetrical from the characteristics of the time scale, and to gradually separate signals contain-
ing the relevant modes. In the final step, we get the highest order single-component intrinsic 
mode function (corresponding to IMF13 in Fig. 4 below) and the residual term.  The EMD de-
composition results retain nonlinear and unsteady characteristics of original signals, suitable for 
nonlinear signal processing [5]. 

 

 
Fig. 2 Raw leak signals.   

 
Fig. 3 Denoised leak signals. 

 
2.2 Leak signal correlation analysis based on EMD 
Pipeline leak AE signals have very obvious non-stationary characteristics, so the EMD method 
can be used for pipeline leak signal correlation analysis. In signal correlation analysis process, 
the leakage signal is considered as sound sources, two sensors are installed along the pipe in a 
certain distance from a sound source; GPS is used to control the two sensors for synchronous  
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Fig. 4 Time- and frequency-domain curves after decomposition of first channel signal. 

 
collection. The inherent mode components are optimized, selected and reconstructed after EMD 
decomposition of leak signals, and using the reconstructed signals for cross-correlation location. 
 (1) Pipeline leak AE signal collection: The test pipeline length is 150 m, diameter is 50 mm, 
and pipe wall is 3 mm. The scheme of the test pipeline structure is shown in Fig. 1. Data collect-
ing and analysis system is a Gas Pipeline Leak Detecting and Locating System, which we de-
veloped internally. It contains data collecting module, sensors, GPS antenna, computer and data 
collecting and analysis software. The digitization frequency was 500 kHz, and the raw leak sig-
nals and denoised leak signals are shown in Figs. 2 and 3. The raw signals were denoised using 
discrete wavelet analysis method.  

 
 (2) EMD decomposition and reconstruction of leak signals: Leak AE signals collected by two 
sensors are decomposed with EMD method. The time- and frequency-domain curves after de-
composition are shown in Figs. 4 and 5.  The EMD decomposition is applied in order to obtain 
the optimized inherent mode components and reconstructed them.  After the time-domain and 
frequency-domain feature analysis of each component, we find that IMF1, IMF2, and IMF3 
components have obvious impact strength and strongest energy and finally choose these three 
components as the optimized inherent modes. In contrast, the energy of low-frequency IMF 
components (IMF4 - IMF13) is weak. These components have long cycles and slower spread 
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speeds and can be regarded as echo. The IMF1, IMF2 and IMF3 components are shown as Fig. 
6. After reconstructing them as effective natural modes using equation (6), the reconstructed 
signals and their frequency-domain analysis as shown in Fig. 7 and Fig. 8, respectively.  

 

 
Fig. 5 Time- and frequency-domain curves after decomposition of second channel signal. 

 
The cross-correlation maximum of this set of denoised leak AE signals (Fig. 9) directly is 

0.087, and the time difference is 6.2 ms. Since the distance between two sensors and leak point is 
2 m and 10 m, the location error is 0.68 m according the wave velocity of 1071 m/s. Using the 
reconstructed denoised leak signals with EMD method, cross-correlation maximum is 0.103, 
time difference is 8.5 ms and the positioning error is 0.55 m. Two cross-correlation function 
curves are shown as Figs. 9 and 10. Figure 10 used reconstructed denoised leak signals with 
EMD method. 

 
Direct cross-correlation location and with EMD decomposition and reconstruction with mul-

tiple sets of leak AE signals are analyzed and results are given in Table 1. 
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Fig. 6 The IMF1, IMF2 and IMF3 components. 

 

  
Fig. 7 Reconstructed leak signals after EMD decomposition and reconstruction using only 
IMF1-IMF3. 
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Fig. 8 Frequency domain analysis of reconstructed signals. 

 

 
Fig. 9. Direct cross-correlation function curve of denoised only signals. 
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Fig. 10. Cross-correlation function curve using EMD-reconstructed signals.  

 
Table 1. Comparison of direct location and EMD-reconstructed location. 

 
Results of several sets of experimental data analysis show that the cross-correlation analysis 

with EMD method can improve the correlation maximum and reduce the mean positioning error 
of the above experiments from 1.37 m to 0.22 m. With EMD method, the percent location error 
was consistent (1.5 – 2.2%) and averaged only 1.72%. This improved significantly over the di-
rect correlation method, which showed an error as high as 25%, averaging at 10.4% or six-times 
higher. 

 

Set Cross- 
correlation 
maximum  

Time  
differ-
ence /s 

Location  
error  
/% 

Distance  
of two  
sensors /m 

Location direct 0.128 0.0011 4.4 5 1 
Location with EMD 0.168 0.0010 2.2 5 
Location direct 0.123 0.0031 6.1 7 2 
Location with EMD 0.156 0.0028 1.6 7 
Location direct 0.083 0.0094 24.8 12 3 
Location with EMD 0.112 0.0081 1.5 12 
Location direct 0.090 0.0110 11.3 16 4 
Location with EMD 0.115 0.0118 1.8 16 
Location direct 0.101 0.0186 5.2 27 5 
Location with EMD 0.125 0.0202 1.5 27 
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3. Field Gas Pipeline Leak Detection Application 
 
3.1 Anhui Wuhu Jinghu pedestrian street gas pipeline leak detection  

The gas pipeline lies in Jinghu pedestrian street in Wuhu city of Anhui Province. The inner 
pressure of the pipeline is about 100 kPa; Pipe size is 300 mm OD × 12 mm wall thickness; The 
length of test pipe segment is 43.5 m, and the buried depth is 1~2 m. Sensors arrangement is 
shown in Fig. 11. Because the pipeline lies in downtown, so we detect leaks of the pipeline at 
night. The sound velocity on this pipeline is measured as 1109 m/s. One of raw leak signals and 
the analysis result are shown in Fig. 12. 

 
From the analysis results, we get the leak point at 19.0 m from A point. The measured dis-

tance between leak point and A point is 18.5 m after excavation; the positioning error is 1.2%. 
While two leak points were noted, in practice, we usually consider the leak location point with 
cross-correlation maximum as the best result.   

 

 
Fig. 11. Sensors arrangement. 

 

 
(a) Original leak signal of first channel. 

  
(b) Leak point location. 

Fig. 12. a) Raw leak signal and b) result of EMD location analysis. 

31m 

A 

12.5m 

B 
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3.2 Anhui Wuhu Zhesan middle street gas pipeline leak detection 
The gas pipeline lies in Zhesan middle street in Wuhu city of Anhui Province. The inner pressure 
of pipeline is about 50 kPa; Pipe size is 500 mm OD ×12 mm thickness; The length of test pipe 
segment is 12.5 m, and the buried depth is 1~2 m. Again, we tested the pipeline at night. The 
sound velocity on this pipeline measured is 1109 m/s. Raw signal and the analysis result is 
shown in Fig. 14. 
 

 
(a) Original leak signal of first channel. 

 
(b) Leak point location. 

Fig. 14 Location analysis. 
 

From the analysis results, we get the leak point is 7.9 m from A point. The measured distance 
between leak point and A point is 8.0 m after excavation; the positioning error is 1.25%. Thus, 
the EMD-based leak locating method can accurately detect leaks. 

 
4. Conclusions  
 

The gas pipeline leak location method based on empirical mode decomposition (EMD) is 
presented. After the empirical mode decomposition (EMD) of leak AE signals, we optimized the 
selection to the first three inherent modal (IMFs) components. The leak signals were recon-
structed from the optimization modals and the reconstructed signals are used for 
cross-correlation location. Simulations of gas pipeline leakage and field gas pipeline leak detec-
tion applications indicate that this method is effective for the gas pipeline leak location with a 
significantly improved location accuracy of 1-2% over distances up to 27 m. 
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