
Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 3, 2022 

ISSN: 2664-9640                

183 

Analysis and research of buried pipeline data signal based on 
MEMS Sensor 

Cheng Guo, Jun Li* 

Sichuan University of Science & Engineering, Yibin, 644000, China 

Abstract 

In the research of buried pipeline mapping, the function of MEMS sensor is to collect the 
motion attitude information of pipeline robot moving inside the pipeline, and the 
collection of original data is the most critical step in the attitude calculation and pipeline 
identification research. When the pipeline robot moves inside the pipeline, it can 
distinguish its motion posture and pipeline characteristic law by the data collected by 
the sensor, and study the pipeline characteristic law from three aspects of time domain 
analysis, frequency domain analysis and time frequency domain analysis. 
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1. Introduction 

Underground pipeline is an important part of urban infrastructure and the material basis for 
the survival and development of a city. With the continuous development of society, the scale 
of urban construction in China is getting larger and larger, and the urban buried pipelines are 
increasing day by day. Due to various reasons, the management of urban underground pipelines 
in China lags behind the level of urban development and international industry, and its disorder 
has become one of the bottlenecks of urban construction and national economic development. 
In recent years, frequent underground pipeline accidents and huge losses have been caused by 
road excavation. The main reason of the accidents is that the construction party is not clear 
about the position of underground pipeline and does not accurately detect the direction of 
underground pipeline before construction and excavation. At present, the existing 
measurement technology of buried pipelines generally has a series of problems, such as serious 
environmental interference and low measurement accuracy, which makes it difficult to realize 
the feature identification of buried pipelines, leading to the confusion of underground pipeline 
management, frequent accidents and unnecessary casualties and property losses. Ma Weijin [1] 
et al. collected and analyzed the vibration signal of automobile gearbox by means of simulation 
operation, conducted time-frequency domain analysis of vibration noise, and obtained the 
noise characteristics of vibration signal. Zhao Mingsheng et al. [2] studied blasting seismic wave 
vibration signals and demonstrated the effectiveness of time-frequency domain analysis 
method in extracting time-frequency characteristics of blasting vibration signals. Lei Weiwen, 
Liu Jianyang et al. [3-6] used time-frequency domain analysis to identify the reason for data 
jitter of high-speed serial link and extract fault features. Ben Chuang et al. [7] found a way to 
prevent vibration fatigue through time-frequency domain analysis, and obtained the influence 
of vibration environment on human body. Aiming at the problem of feature extraction of buried 
pipeline, this paper uses inertial sensor to collect the original signal, and analyzes the data in 
time domain and frequency domain after preprocessing the data signal to get the characteristic 
law, and then analyzes the pipeline characteristics on the basis of the characteristic law to 
provide reliable basis for feature recognition. 
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2. Organization of the Text 

2.1. MEMS sensor signal time domain analysis 

Time domain signal for pipe robot motion of original signal in the pipe, with full information, 
intuitive, easy processing method etc., this paper will take the sensor signal as the basis, to the 
mean, standard deviation as the research object in the time domain signal analysis, mean value 
can reflect the robot through the special line signal fluctuation average, Standard deviation can 
reflect the degree of deviation from the mean of a signal at a certain time. This paper will 
analyze the X - axis and Y - axis acceleration signals to get the time - domain characteristics of 
the signals. 

X-axis acceleration 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 X axis acceleration signal 

The figure 1 shows that according to the analysis of signal fluctuation average acceleration 
mean changes when robot through a tee is relatively concentrated, through cross, straight when 
acceleration changes in the average divergence, was the reason for the divergence of robot 
starts in the straight pipe robot posture instability caused by the large signal changes, the robot 
through the cross, When the robot receives the action of fluid thrust, it will also be affected by 
the action of fluid in other two directions, which will lead to the deterioration of the stability of 
the machine, resulting in large signal fluctuations. From the analysis of signal deviation degree, 
it can be concluded that the signal deviation degree of the robot is small at the straight pipe, 
elbow and tee, while the signal deviation degree is large at the tee, and the acceleration signal 
measured at the reflection is the largest at the tee. 
(1) Y-axis acceleration 

 

 

 

 

 

 

 

 

 

Fig. 2 Y axis acceleration signal 

It can be seen from figure 2 that when the pipeline robot passes through the straight pipe and 
the tee pipe, the mean value of the Y-axis acceleration changes little. The mean value of the tee 
pipe remains at, and the mean value of the straight pipe fluctuates inside. That is to say, when 
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the robot passes through the tee and straight pipe, the acceleration fluctuation is small, and 
when the robot passes through the tee, it is stable and smooth. When the robot passes through 
the elbow and the four-way, the mean value fluctuates greatly, especially through the four-way, 
which indicates that the robot is prone to be affected by the force of the flow field when it passes 
through the four-way, leading to the difficulty of passing through the four-way. According to 
the standard deviation, the deviation of acceleration value is small when passing through tee 
and straight pipe, but large when passing through elbow and tee. 

To sum up, it can be seen that when straight pipe and tee are passed, the change of Y-axis 
acceleration value is small, while when elbow and tee are passed, the change of Y-axis 
acceleration value is large, which proves that straight pipe and tee are passed smoothly, while 
elbow and tee are easily affected. 

In this paper, the positive direction of X axis is defined as the forward direction of the robot, 
while the Y axis is defined as the auxiliary measurement direction. The following conclusions 
are drawn by analyzing the mean and standard deviation of acceleration and angular velocity 
signals of X axis and Y axis: 

(1) The mean and standard deviation of the X-axis acceleration are greater than the Y-axis 
acceleration. When the robot moves inside the pipe, the stability of X axis is smaller than that 
of Y axis, that is, the attitude of X axis is poor. 

(2) The stability of the robot is higher than that of elbow and four-way when it passes through 
three-way and straight pipe. Through the elbow, the straight pipe is affected by the fluid more 
obvious. 

2.2. Frequency domain analysis of MEMS sensor 

When the pipeline robot motion affected by the fluid inside the pipeline or by special line, 
accelerometer, angular velocity meter data will have larger fluctuation, when the pipeline robot 
through special pipeline such as straight pipe, elbow, tee, four-way, due to the vibration of the 
fluid to the robot's reaction to produce different signals, lead to the output is not the same as 
the size of the acceleration signal value. From the acceleration time domain diagram, only the 
time when the acceleration signal value changes can be known, and the real movement of the 
pipeline robot cannot be judged. In order to judge the movement of the robot more clearly, the 
frequency characteristic components of the straight pipe, elbow pipe, three-way pipe, four-way 
pipe and other special pipes in the signal can be obtained by spectral analysis. The analysis 
methods of time domain, frequency domain and time frequency domain are used to judge the 
robot motion. 

When the pipeline robot is moving, the acceleration signal, angular velocity signal and attitude 
Angle signal of the inertial sensor all change. In this paper, the spectrum analysis will be carried 
out based on the sensor signal. Figure 3 is the spectrum diagram of the X-axis acceleration and 
angular velocity signal in the whole process. 

Figure 3 shows that frequency components of 4HZ, 50HZ, 90HZ and 170HZ exist in X axis 
acceleration and angular velocity signals. A bold guess is made that the four frequency 
components in the above signals are generated when the robot passes through the straight pipe, 
elbow, tee and four-way special pipes. Therefore, We can use frequency component analysis to 
identify specific pipelines. Then, the acceleration and angular velocity signals of the robot 
passing through the straight pipe, elbow, tee and four-way special pipe are collected separately 
at the same sampling frequency, and the spectral analysis of the signal is carried out, and the 
spectral results are used as the judgment basis to identify the special pipe. Pipeline robot 
through the straight pipe, elbow, tee, four way spectrum is shown in the figure: 

Spectrum diagram of X-axis acceleration and angular velocity when the robot passes through 
the straight pipe 
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Fig. 3 Spectrum diagram of X - axis acceleration and angular velocity signal 

 

 

 

 

 

 

 

 

 

 

Spectrum diagram of X-axis acceleration and angular velocity when the robot passes through 
the elbow 

 

 

 

 

 

 

 

 

 

 

 

Spectrum diagram of X-axis acceleration and angular velocity when the robot passes through 
the tee 
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（4）Spectrum of x axis acceleration and angular velocity when the robot passes through four 
channels 

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore, separate collection of special pipe signal component of the spectrum of the 
acceleration and angular velocity signal and the entire spectrum of the signal component, robot 
through straight X axis acceleration and angular velocity is relatively stable, so the spectrum 
analysis results are consistent with the entire spectrum, separate collection of elbow, tee, four-
way spectrum results similar to the entire spectrum, It can effectively identify special pipelines. 
In order to more accurately determine the specific location of the buried pipeline, the wavelet 
analysis method is used to determine the sampling point. The wavelet decomposition method 
is used to decompose the signal, and the high frequency coefficient and low frequency 
coefficient are obtained respectively, and then the signal is reconstructed to obtain the time 
domain diagram. In this way, the feature recognition of special pipelines can be realized. Db5 
wavelet 7-layer decomposition is adopted in this paper, and the decomposition results are 
shown in the figure: 

It can be seen from the figure that time-frequency information can be better obtained by 
wavelet analysis, and the frequency components of signals can be obtained by comprehensive 
analysis combined with the results of frequency domain analysis, and the frequency 
components can be accurately identified through which pipeline the frequency components are 
generated, which can effectively provide characteristic information and has a certain prospect 
of engineering application. 
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Fig. 4 Low frequency coefficient of wavelet decomposition 

 
Fig. 5 High frequency coefficient of wavelet decomposition 

 
Fig. 6 Original and reconstructed signals 
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3. Conclusion 

By analyzing the data collected by MEMS sensor in time domain, frequency domain and time 
frequency domain, it is found that the robot is relatively stable when it passes through the 
three-way and straight pipe, and the acceleration signal fluctuation is small. When it passes 
through the elbow, the robot posture is relatively unstable, and when it passes through the four-
way, the robot posture is poor. The analysis shows that when the robot passes through the four-
way pipe, it is easy to be affected by the flow field forces in the other three directions, resulting 
in poor posture of the robot. Through frequency domain analysis, separately collected data of 
straight pipe, elbow, tee, four-way signal spectrum and the spectrum have higher similarity, 
and can judge the whole signal frequency components of the robot by which special pipe, 
through a large number of experiments, the method is more effective and to extract the 
characteristics of the special pipeline, It provides a judgment basis for the trajectory drawing 
of buried pipelines. 
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