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Abstract

Unmanned bulk cargo loading operations, accurate modeling and prediction of pile morphology are
crucial for intelligent discharge control and collision avoidance planning. To address the limitations
of traditional methods, such as low modeling accuracy and poor computational efficiency in complex
stacking environments, this paper proposes a rapid simulation and reconstruction method for mate-
rial piles based on a conical approach. This method abstracts the complex stacking process into a pa-
rameterized geometric cone model, achieving efficient modeling and morphological reconstruction of
the pile formation process through three stages: point cloud projection, intersection solving, and step-
wise evolution. Experiments conducted in a real port loading environment demonstrate that the pro-
posed method can generate geometric models highly consistent with and closely matching the mor-
phology of actual coal piles under various stacking conditions.
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Figure 1. Coal pile morphology generated by the algorithm
under a single accumulation condition
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Figure 2. Actual coal pile morphology under a single accu-
mulation condition
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Figure 3. Morphology of the coal pile generated by the al-
gorithm under secondary accumulation operating conditions
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Figure 4. Actual coal pile morphology under secondary ac-
cumulation operating conditions
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