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Abstract: Mine disasters pose significant challenges to mining safety. In order to achieve safe
production and effective prevention of disasters in mines, mining monitoring technologies have always
been a focus of academic and engineering fields. With the continuous development of technology,
microseismic monitoring technology has gradually become an important tool in mine disaster
prevention and control. This paper focuses on the application of microseismic monitoring technology
in mine disaster prevention and control, analyzes its advantages and development prospects, and
provides a comprehensive analysis and discussion based on practical cases.
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1. Introduction

Mines are important sites for human extraction of mineral resources, but they also come with
various potential hazards. Mine disasters not only pose threats to human lives and property safety but
also have irreversible impacts on the environment. Therefore, achieving safe production in mines and
effectively preventing mine disasters is a major challenge in the mining industry. To address this
challenge, mining monitoring technology has always been a focal point of attention in academia and
the engineering field. Through continuous and comprehensive monitoring of mines, geological, surface,
and engineering parameters can be obtained in real-time, providing a scientific basis for mine safety
management and accident prevention. With the rapid development of technology, microseismic
monitoring technology has gradually emerged as an important tool in the prevention and control of
mine disasters. Microseismic monitoring technology captures and analyzes weak underground seismic
signals, enabling the real-time monitoring of underground rock mass changes and stress conditions.
Compared to traditional monitoring techniques, microseismic monitoring technology offers advantages
such as high sensitivity, high spatiotemporal resolution, and no need for drilling, providing more
accurate information on mine dynamics. Given the potential and prospects of microseismic monitoring
technology in the prevention and control of mine disasters, this paper focuses on its application in mine
disaster prevention and control. We will analyze the roles of microseismic monitoring technology in
predicting coal and gas outbursts, monitoring and predicting ground pressure, and monitoring mine
seismic activities. Furthermore, we will explore the advantages and limitations of microseismic
monitoring technology in mine disaster prevention and control. Additionally, we will conduct
comprehensive analysis based on practical cases to better evaluate the effectiveness of microseismic
monitoring technology in mine disaster prevention and control and discuss its future development
prospects. Through in-depth exploration in this research, we aim to provide valuable references and
guidance to promote mine safety management and mine disaster prevention and control.

2. Overview of Microseismic Monitoring Techniques

Microseismic monitoring technology is an advanced technique applied in the field of mine disaster
prevention and control. It is based on the capture and analysis of weak underground seismic signals to
monitor and predict geological hazards. The application of microseismic monitoring technology can be
traced back to the 1960s, but in recent years, with advancements in technology and data processing
capabilities, its scope and effectiveness have significantly improved. Microseismic events generally
refer to weak earthquakes with energy below magnitude 3. Although these microseismic events are
imperceptible on the Earth's surface, stress changes in underground rock masses can lead to the
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occurrence of minor seismic events. Through microseismic monitoring technology, these weak seismic
signals can be captured, and after data processing and analysis, dynamic characteristics and stress status
information of the underground rock masses can be obtained. The core of microseismic monitoring
technology lies in the deployment of sensor networks and data processing. Sensor networks typically
consist of multiple sensitive seismic sensors, which convert seismic events into electrical signals and
transmit them to monitoring systems for data processing. During the data processing phase, various
algorithms are applied for event localization, energy calculation, and feature extraction, ultimately
providing detailed information on the movement and stress distribution of the underground rock masses.
This information can serve as crucial basis for monitoring, early warning, and prevention of mine
disasters. Microseismic monitoring technology offers several advantages in mine disaster prevention
and control. Firstly, it possesses high sensitivity and high spatiotemporal resolution, enabling the
capture of extremely weak seismic signals and the provision of more accurate and detailed mine
dynamics information [1]. Secondly, microseismic monitoring technology does not require drilling, as
monitoring can be achieved by deploying sensor networks on the surface or underground, reducing
operational difficulties and costs. Moreover, microseismic monitoring technology can be combined
with other monitoring methods such as geological radar and stress monitoring to achieve
multi-parameter comprehensive monitoring, offering more comprehensive underground information
and more precise mine disaster early warning. However, microseismic monitoring technology also
faces certain challenges and limitations. Firstly, due to the low occurrence frequency of microseismic
events, long-term continuous monitoring is required to obtain sufficient data for analysis and judgment.
Additionally, there are uncertainties in the localization and energy calculation of microseismic events,
necessitating further improvements in algorithms and techniques. Furthermore, the complex
environment of mines introduces complexities in the propagation and reflection of seismic signals,
requiring appropriate data processing and interpretation. In conclusion, microseismic monitoring
technology, as an advanced means of mine disaster monitoring, holds great application potential.
Through continuous research and development, sensitivity and accuracy of microseismic monitoring
technology can be further improved, providing more reliable support for mine safety production and
disaster prevention and control.

3. Advantages of Microseismic Monitoring Technology
3.1. High Sensitivity and Spatial and Temporal Resolution

Microseismic monitoring technology offers many advantages in mine disaster prevention and
control. Firstly, it has high sensitivity, enabling the capture of extremely weak seismic signals. Even
microseismic events with very low energy can be accurately detected. This high sensitivity allows
microseismic monitoring technology to identify signs of subtle changes in underground rock masses,
thereby enabling early detection of problems and implementation of appropriate measures. Secondly,
microseismic monitoring technology has high spatiotemporal resolution. It can determine the specific
time and spatial location of microseismic events and provide detailed information about energy release.
This allows monitoring personnel to have an accurate understanding of the dynamic changes and stress
distribution in underground rock masses, providing essential basis for predicting and preventing mine
disasters. By improving the spatiotemporal resolution, microseismic monitoring technology can capture
changes at smaller scales and shorter time intervals, resulting in more accurate and refined monitoring
results. The high sensitivity and high spatiotemporal resolution are important advantages of
microseismic monitoring technology, enabling it to effectively monitor weak seismic signals in mines
and analyze the dynamic characteristics of underground rock masses. This not only helps in early
detection and warning of potential mine disaster risks but also provides precise information for
implementing control and prevention measures. Therefore, the high sensitivity and high spatiotemporal
resolution of microseismic monitoring technology make it an indispensable advanced technique in the
field of mine disaster prevention and control [2].

3.2. No Drilling Required

Another crucial advantage of microseismic monitoring technology is that it does not require drilling.
Traditional geological exploration and monitoring methods often involve drilling to obtain information
about underground rock masses, which can present difficulties and limitations in mine environments.
However, microseismic monitoring technology uses microseismic events occurring underground to
gather information about the rock mass, eliminating the need for additional drilling work. Data
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collection points for microseismic monitoring technology are typically installed underground or on the
surface of the mine. By monitoring and recording microseismic signals, relevant information such as
the distribution of geological structures, the location of fault zones, and the stability of rock masses can
be obtained. This non-invasive monitoring method not only saves exploration costs and time but also
reduces disturbances and damages to the environment. The characteristic of not requiring drilling
allows microseismic monitoring technology to be applied in various types of mines and geological
environments, including deep mines, sealed mines, and underground engineering projects. Furthermore,
since no drilling work is needed, the monitoring range can be broader, covering extensive underground
rock masses. This provides a more comprehensive and accurate information basis for predicting and
preventing mine disasters. In conclusion, microseismic monitoring technology does not require drilling,
which not only avoids the difficulties and limitations encountered in traditional monitoring methods but
also saves exploration costs and time while reducing disturbances to the environment. This makes
microseismic monitoring technology a convenient, efficient, and applicable advanced monitoring
method in various geological environments, with significant value in mine disaster prevention and
control.

3.3. Efficient and Real-time

Microseismic monitoring technology also offers the advantages of efficiency and real-time
capabilities, making it a notable asset. As it relies on real-time monitoring and data analysis,
microseismic monitoring technology can provide rapid and accurate monitoring results. Once a
microseismic event occurs, the monitoring system can immediately capture the signals and perform
real-time analysis, thus obtaining timely information about the dynamic changes in underground rock
masses. Efficiency is a key characteristic of microseismic monitoring technology. The monitoring
system can process large amounts of data in a short period, swiftly analyzing the characteristics and
trends of microseismic signals [3]. This not only accelerates data processing but also enables
monitoring personnel to make decisions and implement corresponding control measures more promptly.
The efficient real-time monitoring and data analysis make microseismic monitoring technology an
essential tool in disaster early warning and emergency response. Real-time capabilities are another
crucial advantage of microseismic monitoring technology. The microseismic monitoring system can
provide real-time data and analysis results shortly after a microseismic event occurs, promptly
reflecting changes in underground rock masses. This is crucial for real-time monitoring of mine
stability, as well as predicting and warning of potential disaster risks. Monitoring personnel can make
timely decisions based on real-time data and take necessary measures to protect the safety of miners
and reduce disaster risks. Therefore, efficiency and real-time capabilities are significant advantages of
microseismic monitoring technology, making it an indispensable tool in mine disaster prevention and
control. By providing rapid and accurate monitoring results and real-time information, microseismic
monitoring technology assists monitoring personnel in early detection of changes in underground rock
masses, predicting and warning of potential disaster risks, and implementing measures to protect the
safety of personnel and the stability of mines.

4. Application of Microseismic Monitoring Technology in Mine Disaster Prevention and Control
4.1. Coal and Gas Outburst Prediction

Microseismic monitoring technology has extensive application in the prevention and control of
mine disasters, including the prediction of coal and gas outbursts. Coal and gas outbursts are common
hazards in mine operations that can cause serious accidents and casualties. Through microseismic
monitoring technology, the underground rock mass and gas pressure can be monitored in real-time,
allowing for early warning of coal and gas outbursts. Microseismic monitoring technology detects rock
deformation and gas release through capturing and analyzing microseismic signals, tracking the
development of coal face disintegration. When abnormal changes occur in the rock mass and gas, the
system issues an alert, notifying mine management to take appropriate measures. This real-time
monitoring and early warning capability enables mine management to take timely actions, reducing the
occurrence of coal and gas outburst accidents. Predicting coal and gas outbursts through microseismic
monitoring technology not only protects the lives of miners and reduces casualties but also improves
the productivity of the mine. By predicting and warning coal and gas outbursts in advance, passive
responses can be avoided, and mining measures can be adjusted early to ensure the stability and safety
of the mine. Therefore, the application of microseismic monitoring technology in the prediction of coal
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and gas outbursts is of great significance and plays a positive role in the prevention and control of mine
disasters.

4.2. Ground Pressure Monitoring and Prediction

Another significant application of microseismic monitoring technology in the prevention and
control of mine disasters is the monitoring and prediction of ground pressure. Ground pressure refers to
the pressure exerted by the surrounding rock mass on the working face of a mine, and it is a common
hazard in mining operations. By utilizing microseismic monitoring technology, the deformation and
fracturing of underground rock mass can be monitored in real-time, providing timely data on ground
pressure and assisting in predicting its development trend. Microseismic monitoring technology
captures and analyzes microseismic signals, detecting small deformations and crack expansions in the
underground rock mass. By monitoring changes in the rock mass, the magnitude and direction of
ground pressure can be inferred, and the changing trends of ground pressure can be predicted. This
provides crucial information for mine management to take appropriate support measures and adjust
mining plans to ensure the safety and stability of the working face. Real-time monitoring and prediction
of ground pressure are vital for mine safety. Microseismic monitoring technology can capture signals
of underground rock mass changes in a timely manner and transmit the data to monitoring personnel,
enabling them to have real-time knowledge of the ground pressure situation. Once monitoring data
indicates that the ground pressure exceeds the safety limits or becomes unstable, management can
immediately take measures to prevent accidents. Therefore, the application of microseismic monitoring
technology in the monitoring and prediction of ground pressure holds significant importance in mine
disaster prevention and control. By continuously monitoring changes in the underground rock mass and
providing real-time data on ground pressure, microseismic monitoring technology empowers mine
management with the ability to provide early warnings and predictions for ground pressure. This
contributes to strengthening mine safety measures, reducing the risk of accidents caused by ground
pressure, and ensuring the safety of miners [4].

4.3. Mine Seismic Monitoring

Another important application of microseismic monitoring technology in the prevention and control
of mine disasters is the monitoring of mine-induced earthquakes. Mine-induced seismicity refers to
seismic events that are caused by mining activities and can pose serious threats to the safety of mines
and surrounding areas. Through microseismic monitoring technology, mine-induced earthquakes can
be monitored and recorded in real-time, providing important information about seismic activities to
mine managers, as well as the ability to issue warnings and predict earthquakes, thus effectively
preventing and responding to mine-induced seismic disasters. Microseismic monitoring technology
detects seismic activities by capturing and analyzing microseismic signals. During the mining process,
stress and deformation occur in the underground rock mass, leading to small fractures and
displacements in the rock, which in turn trigger earthquakes. Microseismic monitoring technology can
capture these small seismic vibrations, recording information such as the location, time, and intensity
of seismic events. Through analysis and processing of this information, characteristics and patterns of
seismic activities can be obtained, providing scientific basis for mine managers to develop
corresponding earthquake prevention and control measures. The importance of mine-induced
earthquake monitoring lies in its ability to provide real-time monitoring and emergency response to
seismic activities. Once the monitoring system records mine-induced seismic activities, it immediately
transmits alerts and provides relevant seismic parameters. This enables mine managers to take
necessary safety measures in a timely manner, such as suspending mining activities, evacuating
personnel, or adjusting the location of working faces, in order to minimize the impact of earthquakes on
personnel and equipment. Furthermore, long-term analysis and prediction of seismic trends can be
achieved through monitoring and recording mine-induced seismic activities. By analyzing information
such as the frequency, intensity, and spatial distribution of earthquakes, areas and time periods where
earthquakes are likely to occur can be identified. This provides important basis for mine managers to
prevent and mitigate seismic disasters, such as developing reasonable mining plans, setting up support
structures, or implementing earthquake early warning systems, thereby improving the safety and
disaster prevention capabilities of mines. In summary, the application of microseismic monitoring
technology provides an effective, real-time, and comprehensive approach to mine-induced earthquake
monitoring. By continuously monitoring and predicting seismic activities, mine managers are able to
take corresponding safety measures to ensure the safety of miners and equipment, and reduce the
impact of earthquakes. Furthermore, long-term analysis and prediction of seismic trends provide mine
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managers with scientific basis to develop effective disaster prevention and control strategies, thereby
enhancing the level of mine safety management [5].

5. Conclusion

The application of microseismic monitoring technology in the prevention and control of mine
disasters is currently a hot topic and frontier area of research. Through real-time monitoring and
prediction of mine-induced seismic activities, mine managers are able to take timely safety measures,
maximizing the protection of miners and equipment. Furthermore, the long-term analysis and
prediction of seismic trends provide mine managers with scientific basis to develop effective disaster
prevention and control strategies, enhancing the level of mine safety management. However, the
application of microseismic monitoring technology in the prevention and control of mine disasters still
faces challenges and issues. Firstly, the identification and interpretation of microseismic signals require
advanced algorithms and models, which need continuous optimization and improvement. Additionally,
the deployment, data acquisition, and processing of monitoring equipment need to be accurate and
reliable, with high requirements for technical equipment and professional personnel. Furthermore,
mine-induced seismic activities are closely associated with complex factors such as mine excavation,
requiring the comprehensive consideration of multiple influencing factors. With the continuous
advancement of technology and further research, it is believed that the application of microseismic
monitoring technology in mine disaster prevention and control will be further developed and improved.
Future research should focus on improving algorithms and models, as well as the intelligent and
automated aspects of equipment, combined with other related technologies such as artificial
intelligence and big data analysis. Through continuous breakthroughs and innovation, microseismic
monitoring technology will provide more effective and reliable solutions for mine disaster prevention
and control, making significant contributions to the development of mine safety.
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