
 

19th World Conference on Non-Destructive Testing 2016 
 

 

 1 
License: http://creativecommons.org/licenses/by/3.0/ 

Research on the Signal Propagation Characteristics of 
Acoustic Emission and Localization of the Gas Pipe 

Network Leak 

Piao GONG 1, Changhang XU 1, Guoxing HAN 1, Huandi SHI 1, Guoming CHEN 1 
1 China University of Petroleum (East China), Qingdao, China 

Contact e-mail: gongpiao0923@163.com; 1094626775@qq.com 

Abstract. Acoustic emission′AE″technique has been widely used to detect leakage 
in oil & gas pipe networks due to its sensitivity to stress wave caused by flow of a 
pressurized fluid through an orifice. In this paper, we conducted an investigation on 
the detectability of the leak in gas pipe network using the AE method. It was found 
that the changes of real time AE is sensitive to leakage generation at different 
operational conditions including gas pressure level and gas flow volume. The signals 
acquired by AE-System are processed for feature extracting to analyze the 
propagation rules of stress waves and determine the main factors which result in stress 
wave signal attenuation. Results show that the loss of stress wave signal after passing 
through elbow and straight pipes is negligible, and the loss after passing through 
valves and flanges is larger. Finally, We propose the MSNAP (Modified Subtract on 
Negative Add on Positive) localization algorithm with less computational resources 
and infrastructures based on the construction of likelihood matrix, the result shows 
the improvement to some extent in contrast to the traditional approach.  
Keywords: gas pipe network; stress wave; propagation rules; attenuation 
characteristic; event localization; 

0 Introduction  

The problem of detecting and locating damage in pipeline structures has been 
extensively studied because of its importance in preventing accidents of pipeline leakage. 
There are many leak detection and location methods [1-3], such as methods based on 
mass/volume balance, negative pressure wave, transient model, distributed optical fiber, 
long-range guided waves and AE(acoustic emission), etc. Among them the AE method has 
many advantages over the traditional ones: real time monitoring, higher sensitivity, higher 
location accuracy, lower false alarm rate, shorter testing time and greater adaptability. The 
principle of this method is: when a leakage occurs, the acoustic waves are generated. They 
pass through flanges, valves and elbows and are captured by the AE sensors. The amplitude 
of captured signals is different. Based on the amplitude difference and frequency variation, 
the propagation rules and attenuation characteristic of leakage signals are obtained. AE 
method has so many advantages and it is treated as a suitable way for pipeline detection. 

The challenge with AE method of gas pipeline network is that the components installed 
on the pipeline network such as valves, flanges and elbows would weaken the amplitude of 
acoustic waves and its complicated structures would make the sensors layout difficult. Until 
now, many authors have studied the acoustic signals attenuation characteristic in pipelines. 
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Eli Leinov et al [4] concluded that attenuation values of buried sand pipeline are in the range 
of 1.65-5.5 dB/m and 0.98-3.2 dB/m for the torsional and longitudinal modes, respectively, 
over the frequency of 11-34 kHz. Kassahun Asamene et al [5] conducted an experiment in 
carbon fiber reinforced polymer panels and concluded that antisymmetric attenuation 
coefficients mode undergoes significantly greater changes compared to the symmetric mode 
in the frequency range from 100 kHz to 500 kHz. Adam C. Cobb et al [6] detected and 
characterized large-area corrosion by measuring the attenuation of the guided wave over a 
10-140 kHz frequency range in pipelines. Hunaidi and Chu [7] carried out experiments in 
plastic water pipes, of which the results show that the amplitude of signals attenuates with the 
propagation distance at the speed of 0.25 dB/m, and the propagation velocity of signals 
whose frequency is lower than 50 Hz is independent of frequency. The majority of authors 
study the attenuation characteristic without the consideration of components such as valves, 
flanges and elbows. Furthermore, AE signal energy attenuation in these components makes 
collecting all AE activity using AE sensors difficult. 

The problem of localizing a leakage has been extensively studied in the last 20 years 
using arrays of sensors for radar, sonar, and acoustic target tracking applications. Several 
techniques have been proposed to solve the localization problem. Such techniques can be 
classified into three main categories [8]: 1) Angle of Arrival (AOA), 2) Time Difference of 
Arrival (TDOA), and 3) Energy-based. DragosNiculescu [9] proposed an AOA method for 
all nodes to determine their orientation and position in an ad hoc network. Andreas Savvides 
et al [10] described a system called AHLoS (Ad-Hoc Localization System) that enables 
sensor nodes to discover their locations using TDOA algorithms. Chartchai Meesookho et al 
[11] proposed a energy-based acoustic source localization for sensor networks. What makes 
our approach different from previous ones is that it is based on simpler hardware and it does 
not assume any synchronization between the sensor nodes, which is known as 
MSNAP( Modified Subtract on Negative Add on Positive). 

In the present study, we have conducted a gas pipe network experimental investigation 
in order to study the effects of gas flow, pressure, and components on wave attenuation and 
then conclude a suitable condition to collect leakage signal. Meanwhile, in order to study a 
localization method which is robust, but relies on less computational resources and 
infrastructures, the paper proposes an energy-based method known as MSNAP. 

The rest of the paper is organized as follows: the next section describes the methodology 
of the testing system and the leakage localization. Section 2 presents the experimental setup, 
and section 3 discusses the results of experiment. Section 4 presents the MSNAP localization 
method, and section 5 summarizes with some concluding remarks. 

1 Methodology 

1.1 Acoustic emission testing system 

When leakage occurs, the acoustic signals are generated. They pass through flanges, 
valves, and elbows and are captured by the acoustic sensors. Acoustic sensors installed at 
either sides of a suspected leak measure the acoustic signals to determine whether a leakage 
happens or not. This can be seen clearly in Fig. 1.  

This paper aims to analyze the attenuation characteristic of leakage signals. Therefore, 
we will change the position of AE sensor to obtain the amplitude of every point. Firstly, 
moving the position of AE sensor II from leakage source to the present position as shown in 
Fig.1, recording the amplitude of every point. Meanwhile, moving the position of AE sensor 
I from leakage source to elbow in turn, and recording the amplitude as well. Finally, 
combined with MATLAB, the curve about amplitude varies with distance will be obtained.  
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Fig.1.Schematic diagram of acoustic leak detection system 

1.2 MSNAP localization method 

The MSNAP method consists of four main steps: 

I. Grid Formation 

The entire area is divided into a grid G  with *g g  cells and grid resolution  . Fig. 2 
shows a 100×90 field with g =10 and a grid resolution =5. The size of grid resolution can 
be decided by estimation accuracy and complexity of pipeline network. Each sensor node is 
associated with a cell( , )C i j . Let ( , )C i j for ,i j =1,…, g ,denote the centers of these cells in a 
matrix form (a cell may contain multiple sensors or no sensors at all). GivenG , we also 
define a *g g likelihood matrix L . 

C(i,j)

 
Fig. 2.a 100×90field with g =10and a grid resolution =5 

 
II. Region of coverage 

The coverage area of sensor node depends on the size of equipment and the 
sensor-sensor distance, we usually define a 5×5 or 7×7 cell. Each sensor was installed on the 
pipeline to collect leakage signal, therefore, the average amplitude A  of leakage signal can 
be obtained. From the experimental setup which will be introduced in section 2, the 
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attenuation characteristic of leakage signal can be acquired, according to the decrease of 
signal amplitude, we define an amplitude threshold 1A . Comparing A  and 1A , if A> 1A , the 
number in the cell is +1(a), if not, the number in the cell is -1(b). 
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Fig.3.region of coverage 
 
III. Likelihood Matrix L  

The sensor which its average amplitude A> 1A adds a positive one (+1) contribution to 
the elements of L that correspond to the cells. On the other hand, every sensor which its 
average amplitude A < 1A adds a negative one (-1) contribution to all elements of L that 
correspond to the cells. Thus, the elements of the likelihood matrix are obtained by 

,
1 1

(i, j) (i, j)
N M

n t
n t

L b
 

 
 

for, i, j 1,...g,  (1) 

 
Where  

1

, 1

1,  if  A A ,

b (i, j) 1,  if  A A ,

0,otherwise.
n t

     

    (2) 

 
IV. Maximization 

Let * *(i ,j )  be the element of L  with the maximum value, i.e., 
* *(i , j ) (i, j)    i,j=1,...,g,L L   

Then the estimated event location is C * *(i ,j ) , i.e., the center of the corresponding cell 
in the grid G . In cases where more than one elements of the L matrix have the same 
maximum value, the estimated event position is the centroid of the corresponding cell 
centers. 

2. Experimental setup 

A pipeline network for leakage detection and location is designed and established after 
its similarity analysis with field transportation pipelines as shown in Fig. 4, of which the 
length is 1960mm and the width is 860mm. In experiments, the natural gas can be replaced 
by the air. The compressed air from the compressor is the gas source. Water and oil droplets 
in the gas are removed. From a high-pressure surge tank, the gas enters into the test 
section(Fig.5), goes into the pipeline network and finally is discharged into the 
environment.The AE sensors are installed at either sides of a suspected leakage source by 
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adhesive tape and vacuum grease couplant. Gas would be released when it encounters with a 
leakage point, and generating elastic wave. Elastic wave can be collected by AE sensors. 
Two PCI-II acquisition systems were used to collect the AE waveform. Pre-amplifiers of 
PAC 1220A with 40 dB gain were used for signal amplification. The data acquisition setup 
was 0.01-0.4 MHz analog filter and the AE data was at a sampling rate of 2MHz. The 
amounts of PDT, HDT and HLT were 300, 600 and 1000s , respectively. 

   
Fig.4.Pipeline network Fig.5. Transmission section 

between compressor and pipeline 
network 

Fig.6.PCI-2 AE acquisition system 
interface 

To distinguish the leakage signal with normal signal, select an intact pipeline installed 
with AE sensor and collect acoustic data with PCI-II system (Fig.6). Meanwhile, select a 
defective pipeline installed with AE sensor and collect acoustic data. Comparing these two 
data, then come to a conclusion. 

To analyze the relationship between signal attenuation and flow, fix the gas pressure as 
0.2MPa, and the gas flow is 23L/min, 30L/min, 42L/min, 60L/min, 75L/min, 90L/min, 
100L/min, respectively. AE sensor I is placed at the leakage source, and AE sensor II is 
installed at 1840mm away from the leakage source. The leakage orifice is 1mm. 

For the verification of the pressure effect, the pressure experiments are carried out. Fix 
the gas flow as 40L/min, and the gas pressure is 0.15MPa, 0.25MPa, 0.3MPa, 0.35MPa, 
0.4MPa, 0.45MPa, respectively. AE sensor I is placed at the leakage source, and AE sensor II 
is installed at 1840mm away from the leakage source. The leakage orifice is 1mm. 

In order to study the attenuation factors, we place the AE sensor behind the flanges, 
valves and elbows respectively. Combined with processing methods, the degree of 
attenuation will be concluded.    

3. Results and discussions 

In cylinder type structures, AE related waves propagate in the form of shear waves 
occurring over a range of amplitudes and frequencies. Different attenuation mechanisms act 
on these waves. In this section, we demonstrate how the different mechanisms affect the 
waves as they propagate in the cylinder. Leakage source generates leakage signals and 
corresponding waveforms were measured at several spaced locations. Finally, the attenuation 
characteristic curve was included to demonstrate the total reduction in amplitudes of the 
signals. 

3.1 Research on the leakage signal and normal signal 

Since a single AE sensor was installed on one end of pipeline, corresponding 
waveforms were recorded. Using FFT (Fast Fourier Transform) method to analyze these data 
and the result is shown in Fig.7. Red curve represents leakage signal and green curve 
represents normal signal. Obviously, the amplitude of leakage signal is higher than that of 
normal signal. When in the frequency bands of 80KHz~180KHz, the average amplitude of 
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leakage signal is the largest. especially at the point of 130KHz, the amplitude reaches the 
peak at 0.4dB, while the curve of normal signal is smooth and the maximum value is less than 
0.1dB. The low amplitude of normal signal indicates that the signal is generated by 
surrounding noise.   

 
Fig.7.Experimental results from pipeline network showing the measured curve of leakage signal and 

normal signal as a function of amplitude and frequency 

3.2 Effects of changing flow on wave attenuation 

For the experimental results from different gas flow, plotted in Fig. 8, the overall trend 
was similar; The gas pressure was controlled at 0.2MPa. All of the measured attenuation 
values were below 82dB. Furthermore, at a given pipeline network, the effect of flow also 
produced a very small attenuation change; For a 23L/min gas flow, the initial amplitude was 
the largest. On the contrary, the greater gas flow, the fewer initial amplitude. Amplitude 
attenuation changes of different gas flow were identical in the given pipeline network. The 
similar attenuation values and different initial amplitude indicates that fewer gas flow would 
be benign to pipeline network inspection and easiest to detect leakage from attenuation 
measurements.  

 
Fig.8. Experimental results from pipeline network showing the measured attenuation values as a function 

of distance and flow 

3.3 Effects of changing pressure on wave attenuation 

For the experimental results from different gas pressure, shown in Fig. 9, there was 
much greater attenuation compared to the changed gas flow. Because of the increased level 
of attenuation, there was not sufficient information for computing the attenuation at high 
pressure/distance combinations. The gas flow was controlled at 40L/min. For a 0.45MPa, 
0.4MPa and 0.35Mpa gas pressure, the overall amplitude was the largest. With the gas 
pressure becoming lower, the overall amplitude accordingly became lower, and the 
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attenuation curve at pressure of 0.15MPa is close to a straight line. Also, the distance has a 
large influence on the attenuation and the distance effects were similar at any pressure. In 
order to collect leakage signal easily, the pressure of 0.35MPa would be a suitable state to 
detect leakage from attenuation measurements. 

 
Fig.9.Experimental results from pipeline network showing the measured attenuation values as a function 

of distance and pressure 

3.4 Effects of components on wave attenuation 

For the experimental results from different components(flange, valve and elbow), 
shown in Fig. 10, we collected the leakage signal and break signal respectively. The break 
signal was generated by the pencil breaking with no fluid in pipeline network, while the 
leakage signal was generated by a 0.15MPa, 40L/min gas flow. It can be seen that the overall 
amplitude of break signal is much more than that of leakage signal, but its accordingly 
attenuation speed is also faster than that of leakage signal. Therefore, leakage signal is 
selected to detect leakage due to its long distance propagation. The position of flange, valve 
and elbow is illustrated below. In the leakage signal curve, because of the existence of 
various components, the attenuation speed is much faster than in the straight pipeline. In 
terms of the degree of influence, valve goes highest, flange is the second and elbow is the 
third. Because of the large increase in attenuation with these components, leakage signal 
inspection of pipeline network would become increasingly poorer with increasing distance. 
This means that significantly better results would be obtained if the inspection is conducted 
closer to the leakage source and can detour the valve, flange and elbow.  

 
Fig.10. Experimental results from pipeline network showing the measured curve of leakage signal and 

break signal as a function of amplitude and distance 
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4. MSNAP example 

To illustrate the MSNAP algorithm, we provide a simple example using the above 
pipeline network. In the example, we build up a 14×9 grid withg =10and a grid resolution
=10. The coverage area of sensor node n is the set of cells that fall in a square of 7×7 cells 
around cell ( , )C i j , where sensor n is located, as shown in Fig. 11.  
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Fig. 11.Grid G  distributed with seven sensor nodes, five of which Add a positive 1 and shown in grey 

color. The event is localized in the grid cell with the maximum value +5. 

From the experimental results, as shown in Fig.4, the amplitude of leakage signal is 
around 60dB before it passes through the flange. Thus, with the same operating condition, we 
define the amplitude threshold 1A  as 60dB. For the construction of the likelihood matrixL , if 

the average amplitude A  of sensor is higher than 1A , the sensor adds a positive 1 (+1). If not, 
the sensor adds a negative 1 (-1). The resulting likelihood matrix after adding and subtracting 
the contributions of seven such sensors is shown in Fig. 5. The event in the example is 
localized in the grid cell with the maximum value +5. The yellow seven-pointed star 
represents the calculation result, and the red seven-pointed star is the real leakage source.  

5. Conclusions 

This paper presents an experimental effort for understanding the effects of flow, 
pressure and components on wave attenuation in pipeline networks as a function of 
amplitude and distance. The intent was to ascertain the relative attenuation levels and 
determine the optimum testing condition, meanwhile, the attenuation characteristic can 
provide guidance for the following localization study. Overall, the experimental results 
obtained confirm that wave attenuation is unrelated to the flow, but associated with changing 
pressure. The results also indicate that valves have the largest influence on wave attenuation, 
flange goes second, and the elbows have little influence on wave attenuation which is similar 
to a straight pipeline. Furthermore, the results confirm that inspection at 23L/min, 0.35MPa, 
when applicable, has the easy-detecting amplitude which can achieving the leakage detecting 
quickly. 
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WSNAP is a simple, efficient algorithm, which can be applied in complicated pipeline 
network for estimating the position of an event given only amplitude from the sensor nodes. 
Compared to the maximum likelihood estimation, WSNAP is slightly less accurate but is 
computationally less demanding and can achieve accurate event localization even when a 
large percentage of the sensor nodes report erroneous observations. Moreover, for the 
construction of the likelihood matrix, it is obvious to observe the largest value of cells, and 
the leakage event is located in this cell.  
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