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Abstract 

As a necessity of human life, oil and gas are one of the most important energy sources. 
How to transport oil and gas safely and effectively is very important. Among various 
transportation methods, pipeline transportation has become the most important 
transportation method for oil and gas transportation due to its large transportation 
volume, small footprint, and strong continuity. The pipeline network has also developed 
more and more. However, due to oil and gas The nature is special. Once a leak occurs, it 
is very likely to cause an accident and threaten people's lives and property. Therefore, it 
is very important to detect leaks in time. At present, the leak detection technology of the 
tube has developed rapidly, and it is generally divided into two categories according to 
the different detection methods. The first is hardware-based detection methods, 
including distributed light detection method, magnetic flux leakage detection method, 
smart ball detection method, etc. The first is software-based detection methods, 
including negative pressure wave detection method, infrasound wave detection method, 
correlation analysis detection method and so on. Reasonable application of these 
technologies is very important in practical engineering applications. 
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1. Introduction 

Due to the needs of social development, the demand for energy is increasing, among which oil 
and natural gas is a very important energy source. There are many ways to transport oil and 
gas, such as road, rail and pipeline transportation. Among them, pipeline transportation has 
become the main mode of transportation due to its large transportation volume, small footprint 
and strong continuity[1]. In the process of transportation, due to the action of external and 
internal factors, the pipeline may leak, resulting in pollution, economic losses and other 
accidents. Therefore, it is very important to detect pipeline leakage as soon as possible. 

2. Leak Detection Technology 

2.1. Hardware-based detection methods 

2.1.1. Distributed fiber detection method 

Distributed optical fiber detection technology has many advantages, high precision, good 
sensitivity and wide measurement range, not only can measure temperature, pressure but also 
concentration, flow rate, etc., and anti-electromagnetic interference, high safety, corrosion 
resistance. Nowadays, there are mainly the following five methods for fiber detection, including 
Optical Time Domain Reflectometry (OTDR), Interferometry, Bragg Grating (FBG), Wavelength 
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Scanning and Continuous Wave Frequency Modulation. The more popular methods abroad are 
optical time domain reflectometry (OTDR) and interferometry, which are relatively mature in 
application. In addition, the optical fiber detection technology has another feature, which has 
the ability to pre-alarm[2].  

The main basis of the distributed optical fiber detection method is the light scattering principle. 
Including Brillouin scattering, Raman scattering and Rayleigh scattering, This is a relatively 
new technology with many unique advantages, especially suitable for micro-leakage 
monitoring of buried pipelines [3]. The figure shows the backscatter distribution of the fiber. 

 
Fig. 1 Distribution of back-scattered light in optical fiber 

 

2.1.2. Magnetic flux leakage detection method 

Magnetic flux leakage detection method belongs to non-destructive testing method, which has 
the advantages of easy implementation and high reliability, but this method has great 
limitations and can only be used in ferromagnetic materials. In practical engineering 
applications, the pipeline environment is generally complex, such as variable diameter 
pipelines, branch pipelines, etc. When there is a leak point, it is necessary to further study how 
to obtain a more effective leak point signal, and at the same time to understand the size of the 
leak point. relationship[4]. 

2.1.3. Pipeline robot inspection method  

 Pipeline robot detection technology belongs to an automatic detection technology[5]. The 
pipeline robot has a variety of detection technologies, such as a variety of sensors, operating 
devices and non-destructive testing technologies, which can obtain relevant information in the 
pipeline in real time, and the signal is stable, which can locate the leak point in time. However, 
the cost of the robot is high, and each inspection has a length limit. Generally, it can only be 
detected in straight pipe sections. If the limitations of its application can be broken through and 
vigorous research and development, it will be an important means of pipeline inspection [4,5]. 

2.1.4. Self-organizing wireless sensor detection method 

The self-organizing wireless sensor detection method is proposed in recent years. It is a real-
time detection method for pipeline network leakage, mainly using wireless sensor network 
(WSN) to detect pipeline network. For example, the wireless network nodes designed by Feng 
Renjian [6] to monitor natural gas pipelines use the JN5139 processor as a microcontroller, and 
integrate sensors to detect the damage to the pipeline caused by external forces, thereby 
judging the leakage situation and detecting surrounding anomalies. After the situation, the 
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monitoring center will receive the processed and analyzed signals, so real-time monitoring of 
the natural gas pipeline network can be realized. There are also related wireless network 
monitoring systems abroad, which implement real-time monitoring of the pipe network. The 
entire system includes communication systems, transceivers, microcontrollers, assembly 
language programs, GSM modules, alarms and power supplies. When a leak occurs, the alarm 
can be timely [7]. However, due to the harsh environment of the sensor and the influence of 
network signals and other problems, communication failures are prone to occur, especially the 
problems caused by the failure of the sensor itself, which are the main factors affecting the 
detection of wireless sensor networks. 

2.1.5. Smart ball detection method 

The smart ball detection method is an internal detection method. Its working principle is to use 
hardware to detect the fluid state in the pipeline, and then locate the leak point through three 
parts: data collection, data analysis and processing, and positioning [8]. The main advantage of 
this technology is that it can detect a long pipeline distance, and at the same time, it can be well 
applied to a variety of environments, and the sensitivity is relatively high. It is widely used in 
foreign countries, but relatively few in China. Due to the need to throw smart balls, the pipeline 
needs to be equipped with a device for sending and receiving smart balls. At the same time, 
special attention should be paid to the problem of jamming, which may cause failures such as 
pressure and blockage of the pipeline. For the first time, Tianjin University in China has 
proposed a technology to detect leakage by using a micro-ball detector in the pipeline, aiming 
at the problem of micro-leakage in submarine pipelines. The feasibility of the detection method 
for micro-leakage of submarine pipelines based on the spherical inner detector is analyzed [9]. 

2.1.6. Airborne leak detection technology 

Airborne leak detection technology is a gas monitoring method with high efficiency and great 
practicability. Among them, infrared lidar technology has received the most attention, which 
mainly uses tunable diode lasers. The theoretical basis is the selective absorption of gas 
molecules by spectrum [10] . The method works by flying a helicopter in the air along a pipeline 
while using a laser beam to sweep along the pipeline over the surface covering of the natural 
gas pipeline. If there is a leak in the natural gas pipeline, the energy of the laser beam is 
absorbed by the gas cloud formed around the leak. The concentration of natural gas near the 
leak can be calculated by comparing the initial power and echo power of the laser. However, 
the echo power of lidar is weak and generally difficult to extract. Therefore, how to extract weak 
echo signals from noise is an urgent problem to be solved. The inversion process is based on 
the Lambert-beer theorem: 
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In the formula: P is the laser echo power (W); S is the initial laser power (W); v is the laser 
frequency (Hz); K is the optical receiving efficiency (the ratio of the echo power to the initial 

power when there is no gas absorption);  vD  is the absorption optical path on the optical path; 
 v is the absorption coefficient of the medium light of unit concentration at the frequency v; 

RC is the integral concentration of the methane gas path. 

2.1.7. Ground penetrating radar leak detection technology 

The ground penetrating radar leak detection technology uses the ground penetrating radar 
(GPR) to transmit pulses into the underground medium, so that a time domain waveform will 
be obtained. By processing and analyzing the waveform, and using relevant knowledge, we can 
know whether the underground pipeline has occurred leak [11]. The most prominent feature 
of this method is that any material of the pipe can be used. In addition, the method is relatively 
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fast and does not require access to the pipe. However, due to the generally complex 
environment of buried pipelines and various geological structures, the detection results are 
easily affected by soil characteristics, and the results also require professional interpretation. 
And this method is also not suitable for thinner pipes [1]. 

2.2. Software-based detection methods 

2.2.1. Negative pressure wave detection method 

The negative pressure wave detection method realizes the detection and location of pipeline 
leakage by processing the negative pressure wave signal [5]. When the oil and gas pipeline leaks, 
the pressure at the leak point will drop suddenly. This pressure drop will generate a negative 
pressure wave, and the negative pressure wave will propagate from the leak point to both ends 
of the pipeline at a certain speed. The pressure sensor installed on the pipeline will receive the 
change in pressure, and by analyzing the detected waveform of a specific transient pressure 
drop, it will determine whether a leak has occurred, and the location of the leak point will be 
determined by the received time difference [ 2]. The advantages of this method are that the 
detection speed is fast, the accuracy is high, and it can be detected in real time. However, it is 
not ideal for small leak points, as well as multiple leaks and slow leaks. In addition, due to the 
complicated operating conditions of long-distance pipelines, such as valves The adjustment and 
so on will cause negative pressure waves, so it is necessary to analyze the specific working 
conditions to improve the positioning accuracy. 

2.2.2. Infrasonic detection method 

Infrasound detection method is a relatively new detection method in the world [2]. When a leak 
occurs in the pipeline, the signal at the leak hole will follow the gas in the pipeline to be 
transmitted to both ends of the pipeline along the pipeline. At this time, the sensors installed at 
both ends of the pipeline will receive this signal, and then analyze and determine whether the 
pipeline leaks, and at the same time The distance X between the leak point and the sensor at 
the head end of the pipeline can also be calculated. 

2

TvL
X




                                                                             (2) 

In the formula, L is the distance between the sensors, v is the transmission speed of the 
infrasound wave, and T is the time difference between the infrasound waves reaching the 
sensors at both ends. 

Therefore, the infrasound detection method can accurately locate the leak point and monitor it 
in real time, but it is easily affected by noise, resulting in unstable signal. 

2.2.3. Model-Based detection 

The model-based detection method must establish a pipeline model, such as establishing a 
model for the fluid equations such as the mass balance equation and momentum balance 
equation of the pipeline fluid, and then compare the output value estimated by the model with 
the actual measured value, according to the gap between the two, Judging and locating leaks 
according to relevant criteria [4]. Although the model-based detection method can detect small 
leaks and multi-point leaks, it is necessary to install sensors such as flowmeters, temperature 
transmitters, and pressure transmitters at both ends of the pipeline, and the pipeline model and 
its discretized state must be known. space, and have a considerable understanding of the prior 
knowledge of the mean and variance of the process noise, so the detection method is not easy. 
In addition, the accuracy of leak detection and localization mainly depends on the accuracy of 
the established mathematical model and hardware. 
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2.2.4. Support vector machine detection method 

The working principle of the support vector machine detection method is to extract the relevant 
pipeline feature signals, use the support vector machine (SVM) to classify and identify them, 
and then judge whether the pipeline leaks [4]. The key to how to effectively identify pipeline 
leakage signals is to choose the appropriate SVM kernel function and penalty parameters. 

2.2.5. Correlation analysis detection method 

The focus of the correlation analysis detection method is to examine the similarity between two 
signals in the time-delay domain, including autocorrelation and cross-correlation. Since it is 
easily interfered by noise in practical engineering applications, the use of correlation analysis 
can better identify leakage signals and improve positioning accuracy. 

2.2.6. Empirical mode detection 

The test mode detection method is to use empirical mode decomposition (EMD) to extract 
several intrinsic mode functions (IMF) and a residual component (R) from the original signal, 
and then further analyze these signals to extract effective leakage information. The pipeline is 
leak detected and alarmed [4]. The point is that there is no need to choose a basis function, and 
non-stationary and nonlinear signals can be better handled. However, the disadvantages are 
also obvious. First, there are shortcomings such as end-point effect and mode confusion. Second, 
when the signal sampling rate is low, EMD cannot accurately determine the inflection point of 
the signal. 

2.2.7. Neural network detection method 

The neural network detection method [4] can analyze the corresponding relationship between 
the leakage of the pipeline and the signal changes collected at the beginning and end of the 
pipeline by using the artificial neural network (ANN) algorithm, and then analyze the extracted 
data under different working conditions. The obtained signal feature quantity is used as the 
input of the neural network pipeline leakage diagnosis model to further analyze the pipeline 
operation status. It can be proved that this method is not only sensitive but also effective 
through many experiments. First, the detection speed is relatively fast; second, it can quickly 
and accurately predict the operation of the pipeline, and detect whether the pipeline is faulty 
or leak; Can be used very well. 

3. Concluding remarks 

Oil and natural gas, as an indispensable necessities of human life, the development of the 
pipeline network is getting bigger and bigger, the leakage can easily lead to accidents and has a 
great potential safety hazard. Huge loss. From the above, we can see that there are quite a lot of 
technologies for detecting pipeline leakage today, but each method has its own scope of 
application, and most of the technologies have room for improvement. How to rationally apply 
related technologies is a point worth noting in practical engineering applications. 
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