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Abstract: In open-pit mining operations, slope stability directly impacts the safety of mining personnel, equipment integrity,
and production continuity. Influenced by multiple factors including geological conditions, mining disturbances, and
meteorological/hydrological conditions, slopes in open-pit mining are prone to geological disasters such as landslides and
collapses, resulting in significant losses. This paper systematically identifies core influencing factors affecting slope stability
in open-pit mining, and conducts an in-depth analysis of the principles, application scenarios, and advantages/disadvantages
of mainstream monitoring technologies, including GNSS positioning monitoring, slope radar monitoring, and fiber optic
sensing monitoring. By integrating practical mining engineering cases, a safety early-warning system combining "multi-
source monitoring data fusion + hierarchical alerts" is established. The paper designs an early-warning mechanism comprising
monitoring indicators, warning thresholds, and response measures, while quantifying the application effectiveness of different
monitoring technologies. The aim is to provide scientific monitoring and early-warning technical solutions for open-pit mining
enterprises, enhance slope safety management, and ensure safe and efficient operation of open-pit mining activities.
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