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Abstract

In unmanned ship loading, accurate real-time tracking of the ship’s 6-DOF pose is vital for safe, col-
lision-free, and precise chute positioning. To overcome the limited accuracy of PLC-only kinematic
methods, we propose a robust two-stage approach: first, PLC encoder data provides a coarse initial
alignment of each new LiDAR scan to a pre-built 3D ship hull map; then, the ICP algorithm refines
this alignment to achieve high-precision pose estimation. Field tests at a working port show the
method delivers stable and reliable tracking throughout the entire loading cycle while the ship re-
mains docked—and intentionally fails when the ship departs, confirming its responsiveness to real
conditions. This provides a dependable, real-time spatial reference essential for intelligent control
of unmanned loading systems.
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Figure 1. The hull’s real-time pose trajectory is stable from frames 0~800 (berthed) but shows severe, irregular jumps after
frame 800 (departure)
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Figure 2. Time-varying curves of the six evaluation metrics
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