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Abstract: Safety monitoring of coal mine gas pipelines is crucial for ensuring the safety of mine operations, especially in 
preventing pipeline leaks. Therefore, timely and accurate monitoring of pipeline status has become crucial. This article designs 
a pressure and leakage detection system for low-pressure gas pipelines in coal mines. The system is based on single-chip 
technology and integrates sound wave detection and wireless communication technology. The article elaborates on the design 
concept of the overall plan, including the main design of hardware circuits and software programs, aiming to achieve real-time 
monitoring of coal mine gas pipeline pressure and rapid identification of potential leakage points. 
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1. Introduction 
Coal mine gas pipelines are mainly used to discharge gas 

generated underground in coal mines[1]. Gas is a flammable 
and explosive gas. If not discharged in a timely manner, it will 
accumulate underground in coal mines.[2] Once exposed to 
sources of fire such as open flames or electric sparks, it may 
cause gas explosion accidents[3][4][5], seriously threatening 
the safety of coal miners. Therefore, the role of coal mine gas 
pipelines is crucial, as it can effectively ensure the safety 
production of coal mines. 

Once a gas pipeline in a coal mine leaks, its hazards are 
multifaceted. Gas leakage can lead to a decrease in oxygen 
content in the air, and in enclosed or relatively enclosed 
spaces, people may suffocate or even die due to lack of 
oxygen. Gas mixed with oxygen in the air can form 
flammable and explosive gases. If exposed to sources of fire 
such as open flames, electric sparks, or electrostatic discharge, 
it can cause violent explosions and fires[6]. After entering the 
human body, gas will bind with hemoglobin, hindering the 
delivery of oxygen and causing poisoning symptoms such as 
dizziness, nausea, vomiting, loss of consciousness, and even 
death in severe cases[7]. 

Coal mine gas pipelines can be classified into high 
pressure[8], sub high pressure, medium pressure, and low 
pressure pipelines based on their pressure levels, and the 
commonly used conveying pipelines in coal mines are mostly 
specific types designed to adapt to complex underground 
environments[9]. It is crucial to timely and accurately grasp 
the internal status of pipelines to ensure the safety and 
efficiency of coal mine gas transportation. Therefore, this 
article designs a single-chip based acoustic detection system 
specifically for monitoring low-pressure gas pipelines in coal 
mines[10][11]. The following will elaborate on the overall 
design concept of the system, list the hardware circuit 
components and their functions required for implementing 
sound wave detection[12][13], provide hardware circuit 
design diagrams, and explain the main functions of software 
program programming[14], aiming to achieve real-time 
monitoring and early warning of the internal status of coal 

mine gas pipelines through sound wave detection technology. 
The system uses a microcontroller as the core controller 

and captures the acoustic signals generated by gas flow or 
abnormal leakage in the pipeline through high-precision 
acoustic sensors[15]. These sound wave signals are amplified 
and filtered by a signal conditioning circuit, and then 
collected and processed by a microcontroller for analysis. The 
system can identify and distinguish between normal flow 
sound waves and abnormal leakage sound waves. Once 
abnormal sound waves are detected, an alarm mechanism is 
immediately triggered to notify relevant personnel to take 
corresponding measures, effectively preventing gas leakage 
accidents and ensuring the safety and stability of coal mine 
production[16]. 

2. Overall Design 
The overall purpose of this system is to achieve real-time 

monitoring and remote transmission of mid sound wave 
signals in the surrounding environment of gas pipelines. The 
core of the system consists of acoustic sensors, 
microcontroller control units, LoRa wireless communication 
modules, and monitoring terminals. The sound wave sensor is 
responsible for capturing environmental sound waves and 
converting them into electrical signals, which are then sent to 
the microcontroller for preprocessing such as filtering, 
amplification, and A/D conversion. As a data processing 
center, the microcontroller not only controls the acquisition 
process of acoustic signals, but also packages the 
preprocessed data and sends it to the LoRa wireless 
communication module through the SPI interface. The LoRa 
module utilizes spread spectrum modulation technology to 
efficiently and stably transmit data packets wirelessly to 
remote monitoring terminals. Monitoring terminals can be 
smart devices such as PCs and smartphones. They receive 
data sent by LoRa modules, parse it, and display it to users for 
real-time monitoring of changes in sound wave signals. The 
entire system was designed with full consideration for the 
requirements of low power consumption, long-distance 
communication, and high anti-interference, ensuring stable 
and reliable operation in various application scenarios. 
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Figure 1. Overall Architecture Diagram 

 

3. Software and Hardware Design 
In terms of hardware circuit design, in addition to 

microcontrollers and acoustic sensors, key components such 
as power management modules, signal conditioning circuits 
(including amplifiers and filters), A/D converters (used to 
convert analog acoustic signals into digital signals for 
microcontroller processing), and communication interfaces 
(such as RS-485 or wireless modules) are also required. These 
components work together to ensure accurate acquisition, 
transmission, and processing of acoustic signals. 

In terms of software program design, the main functions 
implemented include real-time acquisition of sound wave 
signals, signal preprocessing (such as filtering and denoising), 
feature extraction (identifying abnormal sound wave features), 
threshold judgment (setting alarm thresholds), and alarm 
output and recording. By optimizing algorithms and logic 
control, the system can achieve continuous monitoring of gas 
pipeline status, providing strong technical support for coal 
mine safety production management. 

3.1. WM8960 Audio Encoding and Decoding 
Chip 

WM8960 is a low-power, high-quality stereo audio 
frequency codec chip produced by Cirrus Logic (formerly 
Wolfson)[17]. Its performance parameters are excellent, with 
both the internally integrated ADC and DAC being 24 bits. 
The signal-to-noise ratio of the DAC is as high as 98dB, and 
the signal-to-noise ratio of the ADC is also up to 94dB, 
ensuring the purity and clarity of the audio signal. It supports 
multiple sampling rates, including 8K, 11.025K, 12K, 16K, 
22.05K, 24K, 32K, 44.1K, and 48K, which can meet the 
needs of different application scenarios. In addition, the 
WM8960 is equipped with a D-class speaker amplifier, which 
can drive a 1W 8 Ω speaker per channel. It also integrates 
headphone and microphone interfaces, supporting stereo, 3D 
surround sound output, and other sound effects. This chip is 
equipped with I2S and I2C interfaces, which are widely 
compatible with various microcontroller and processor 
platforms, making it convenient for developers to develop 
audio projects on different platforms. 

 

 
Figure 2. WM8960 Block Diagram 

 

3.2. STM32 microcontroller 
The minimal system is the core operating unit based on the 

STM32 microcontroller[18], which integrates the 
microcontroller itself, necessary power circuits, clock circuits, 

reset circuits, and program download interfaces (such as 
JTAG/SWD). The system has high performance, a wide 
operating voltage range (usually 1.8V to 3.6V), supports 
multiple clock source configurations to meet different 
application requirements, and is equipped with high-speed 
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embedded flash memory and SRAM to ensure efficient 
program operation and data storage. The STM32 minimal 
system provides developers with a basic platform for building 

various embedded applications with its low power 
consumption, powerful peripheral interfaces (such as USART, 
I2C, SPI, etc.), and flexible interrupt and timing functions. 

 

 
Figure 3. STM32C8T6 schematic diagram 

 

3.3. SX1276 Wireless Lora Module 
The Semtech SX1276 chip is a long-distance, low-power 

transceiver chip based on LoRa technology. It supports a wide 
frequency range from 137MHz to 1020MHz (some versions 
such as SX1276IMLTRT support up to 1050MHz), and 
adopts Semtech's patented LoRa modulation technology to 
achieve ultra long distance spread spectrum communication 
and high anti-interference capability[19]. This chip has a 
maximum data rate of 300kbps and a programmable output 
power range (-20dBm to+17dBm, some sources recommend 
using+20dBm for optimal performance, but it should be noted 
that+20dBm is a higher value for output power, which may 
need to be adjusted according to specific situations during 
actual use). Under ideal conditions, the communication 
distance can reach 5 kilometers. In addition, the SX1276 chip 
also has a high-sensitivity receiver (-148dBm), supports 
multiple modulation methods (such as GFSK, FSK, OOK, 
GMSK, etc.), and provides flexible bandwidth options. Its 
ultra-low power design, internal voltage regulation scheme, 
and crystal oscillator reference clock ensure stable 
performance, making it suitable for various application 
scenarios such as the Internet of Things (IoT), remote 
monitoring, intelligent sensing, building automation, wireless 
alarm and security systems, industrial monitoring and control. 

 

 
Figure 4. SemtechSX1276 

3.4. Design and Implementation of Various 
Software Modules 

(1) SX1276 Wireless Lora Driver Module. This module is 
responsible for driving the SX1276 wireless Lora module to 
achieve long-distance wireless transmission of data. It is 
responsible for configuring the working parameters of the 
Lora module, such as frequency, spreading factor, bandwidth, 
etc., as well as sending and receiving wireless data packets. 
After powering on the system, first initialize the SX1276 
wireless Lora module, including setting parameters such as 
working mode, frequency, and power. Design functions to 
build and send wireless data packets. The data packet contains 
collected voltage data or other important information. Before 
sending, it is necessary to ensure that the data packet format 
is correct and complies with the Lora communication protocol. 
Design interrupt or polling mechanisms for receiving wireless 
data packets from remote nodes. After receiving the data 
packet, perform checksum decoding to extract useful 
information for use by the main program or other modules. 

(2) WM8960 audio codec driver module. This module is 
responsible for driving the WM8960 audio codec chip to 
achieve audio signal acquisition and processing. It is 
responsible for configuring the working mode of the audio 
chip, such as sampling rate, gain, etc., as well as reading audio 
data. After the system is powered on, initialize the WM8960 
audio codec chip and set parameters such as sampling rate, 
audio format, input/output gain, etc. Design functions to 
initiate the audio acquisition process, read analog audio 
signals from the WM8960 chip, and convert them into digital 
audio data. During the collection process, it is necessary to 
ensure the continuity and real-time performance of the audio 
data. Process the collected audio data as needed, such as 
filtering, denoising, etc., to improve audio quality. The 
processed audio data can be used for subsequent analysis, 
storage, or transmission. 

(3) Main program module (combined with STM32 
microcontroller). The main program module serves as the 
central hub of the system, coordinating various hardware 
modules. After power on, first initialize STM32 and its 
peripherals (clock, interrupt, GPIO), then initialize 
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SX1276Lora module and WM8960 audio chip (expansion 
backup). Collect pipeline pressure analog signals and convert 
them into digital signals by combining pressure sensors and 
TLC2543 chips that are not explicitly mentioned but have 
logical existence. The main program processes these signals, 
calculates the actual pressure values, and displays them 
through assumed display devices. At the same time, use the 
SX1276Lora module to send data to remote monitoring. 
Design a comparison module to monitor pressure in real-time, 
triggering a warning (red light flashing) when the set peak is 
exceeded. The main program also includes error handling and 
exception recovery mechanisms to ensure system stability 
and reliability. Although this example mainly focuses on 
voltage and pressure data, the WM8960 audio acquisition 
function can also be enabled as needed, providing the 
possibility for system expansion. 

4. Four Element Cross Sound Source 
Localization Algorithm 

The system uses 4 microphones to form a four element 
cross array to estimate the position of the sound source. The 
specific algorithm will be derived in the next section. After 
the microphone collects the analog sound signal[20], it is sent 
to the WM8960 audio codec chip for encoding. The encoded 
digital signal is sent to STM32 for processing, and the sound 
source position is calculated using a localization algorithm 

This article adopts the four element cross array sound 
source localization algorithm. Establish a four element cross 
array consisting of microphones M1, M2, M3, and M4, with 
an element spacing of L. Using the center position of the array 
as the origin O, establish a Cartesian coordinate system as 
shown in Figure 2. 

 

 
Figure 5. Four element cross array structure diagram 

 
Based on the geometric positions of the sound source and 

microphone array, the following equation system can be 
formulated: 
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Among them, r1, r2, r3, and r4 are the distances between 

the sound source P and the microphones S1, S2, S3, and S4, 
respectively. 

Organize the system of equations as follows: 
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By performing algorithm processing, the coordinates, 

azimuth, and elevation angles of the sound source can be 
obtained, thereby obtaining the specific location of the target 
sound source. 

The four element cross array can improve the accuracy of 
estimating azimuth, but it may produce certain estimation 
errors when estimating distance. Therefore, the selection of 
time delay estimation algorithm is very important. Time delay 
estimation is the process of first estimating the time difference 
between the arrival of a sound source at different microphones, 
and then using the obtained time delay, combined with the 
structure of the microphone array, to determine the location 
of the sound source. In the theory and methods of delay 
estimation based on correlation analysis, improving the 
accuracy of correlation delay estimation and delay detection 
capability is always the direction and focus of research. 
Therefore, when the structure of the microphone array is 
determined, the accuracy of time delay estimation directly 
determines the position accuracy and azimuth accuracy of the 
sound source. This article selects the generalized cross-
correlation method (GCC) for time delay estimation. 

In order to validate the algorithm, a sound source 
localization testing system was built in the plane and 5 
experiments were conducted. The delay between 
microphones was calculated using the generalized cross-
correlation method, and the distance between the sound 
source and the microphone was calculated using the algorithm 
based on the obtained delay. The specific experimental data 
can be clearly seen from Table 1. 
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Table 1. Experimental Data 

Number of experiments Time Delay 
Estimation/s 

Sound source 
distance/m 

Actual distance/m Deviation 
percentage/% 

1 0.00078125 0.53 0.54 1.89 
2 0.0003631 0.28 0.29 3.5 
3 0.00040814 0.37 0.38 2.7 
4 0.00055691 0.18 0.19 5.5 
5 0.00032813 0.62 0.64 3.2 

 
According to Table 1, the error between the experimentally 

obtained sound source distance and the actual sound source 
distance is between 0.01 and 0.02 meters, with a deviation 
percentage within 5.5%. The error accuracy is small and 
within an acceptable range, indicating that the algorithm can 
be stably applied in sound source localization systems. 

5. Conclusion 
This article designs a coal mine gas pipeline acoustic 

detection system based on STM32 microcontroller, WM8960 
audio encoding and decoding chip, and SX1276 wireless Lora 
module. The system adopts a four element cross array 
microphone layout to achieve real-time monitoring and 
remote transmission of gas leakage sound waves. By 
optimizing hardware configuration and software algorithms, 
the system has advantages such as low power consumption, 
long-distance communication, and high anti-interference 
ability, and can operate stably and reliably. The successful 
development of this system provides new technological 
means for the safe production of coal mines and has broad 
application prospects. 
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