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Intelligent Perception Technology and Application Demonstration for
Unmanned Operations Under Dust Interference in Open-Pit Mines
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Abstract : During the transport of unmanned mining trucks in open-pit mines, their perception systems are highly susceptible to
harsh weather conditions such as wind-blown sand and dust. This vulnerability leads to a degradation in the detection and
tracking capabilities of key targets, consequently causing adverse consequences such as missed detections, false alarms, and
unintended vehicle stops. To enhance the safety and efficiency of perception technologies for unmanned operations under dust
interference, an intelligent dust perception model and scheme for unmanned mining trucks were proposed by integrating deep
learning algorithms, point cloud data processing techniques and multi-sensor fusion methods, followed by experimental
validations. On this basis, a classification strategy and corresponding criteria for dust severity during unmanned operations were
established, and the trained model was evaluated on a test dataset. The results indicate that the predicted mean Intersection
over Union reaches 87.3%, with the Intersection over Union for the dust category specifically achieving 90.7%. This
demonstrates that the perception model possesses high recognition precision for dust, fully satisfying the requirements of dust
scene recognition for unmanned operations in mining areas. The unmanned operation dust intelligent perception scheme
effectively enhances vehicle perception capabilities in open-pit unmanned operation environments, achieving a point cloud
removal rate of over 95%. It significantly improves the accuracy and sensitivity of environmental perception, thereby providing
a robust guarantee for the safe operation of unmanned mining trucks.
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Fig.4 Model training smoothness plot
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Fig.5 Unmanned operation dust intelligent recognition
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