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Table 1 Definitions and consequences of unsafe behaviors
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Fig. 1  Data annotation process
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Fig. 2 Comparison of model training results
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Design and application of the online monitoring system for the Tonglushan tailings pond

Xiong Guoxiong', Wang Huan', Bi Cheng*?, Wang Yong**
(1. Tonglushan Copper—Iron Mine, Daye Nonferrous Metals Co., Ltd.;
2. School of Civil and Resource Engineering, University of Science and Technology Beijing;
3. Key Laboratory of Ministry of Education for Efficient Mining and Safety of Metal Mine )

Abstract: The tailings pond at the Tonglushan Copper—Iron Mine has already been decommissioned. To ensure its
long-term safety and stability after closure, an online monitoring system based on GNSS technology was developed,
tailored to the current conditions of the facility. This paper presents the overall architecture of the monitoring system,
including the design of GNSS monitoring stations, layout of monitoring points, equipment selection and installation, and
the development of an online monitoring information management system based on SOA. The system enables deformation
analysis of the tailings pond and investigates the causes of deformation. Key risk points requiring focused monitoring
are identified. Application of the system has significantly improved the management level of the Tonglushan tailings
pond, reduced the long-term post-closure monitoring and maintenance workload, and provided a valuable reference for
similar mines.

Keywords: tailings pond; online monitoring system; GNSS; Tonglushan Copper—Iron Mine; information manage-

ment; intelligentization
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Research on underground personnel unsafe behavior recognition based on YOLOv11

Jiang Dongsheng', Zhu Quanjie'*, Hao Yingnan'?, Chen Yuxiang'~
(1. School of Emergency Technology and Management, North China Institute of Science and Technology;
2. School of Culture and Communication, Institute of Disaster Prevention )

Abstract: The underground working environment is complex and full of safety hazards, while traditional supervision
methods are limited and incapable of providing comprehensive real-time monitoring. Therefore, research on recognizing
unsafe behaviors of underground personnel using machine learning has become increasingly urgent. This study proposes
a recognition method and model for underground personnel’ s unsafe behaviors based on YOLOv11. Unsafe behaviors
are categorized into 3 types: protective equipment-related, hazardous area-related, and dangerous behavior-related. A
dataset was constructed according to these categories. The Albumentations was used for data augmentation, simulating
underground environmental variations by adjusting lighting conditions, adding noise, and more, to enhance model
generalization and robustness. Finally, a semi-automatic labeling method was adopted for data annotation, and the model
was trained. The results show that the model, after data augmentation with Albumentations and using semi-automatic
labeling, achieved good performance without requiring extensive manual annotation.

Keywords: YOLOv11; unsafe behavior; behavior recognition; data augmentation; Albumentations; semi-automatic

annotation



