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High-precision berthing and unberthing ship positioning

method by fusing LiDAR and inertial navigation system
HE Zhibo", YAN Wenzhou", LIU Chenguang ", CHU Xiumin"*, LIU Xinyu"

1 State Key Laboratory of Maritime Technology and Safety, Wuhan University of Technology,
Wuhan 430063, China
2 School of Transportation and Logistics Engineering, Wuhan University of Technology, Wuhan 430063, China
3 Intelligent Transport System Research Center, Wuhan University of Technology, Wuhan 430063, China
4 College of Physics and Electronic Information Engineering, Minjiang University, Fuzhou 350121, China

Abstract: [ Objective | Addressing the requirement for precise sensing during ship berthing and unberthing
at close range, we propose a high-precision berthing and unberthing positioning method by fusing LiDAR with
an inertial navigation system. [ Methods ] Initially, we develop a multi-coordinate conversion and time regis-
tration algorithm for ship navigation, achieving the temporal and spatial unification of various sensing devices
while correcting the collected point cloud data. Subsequently, we introduce an enhanced random sample con-
sensus (RANSAC) berth shoreline detection method which mitigates the impact of point cloud data random-
ness on shoreline detection accuracy by considering berth elevation and optimizing the clustering cost func-
tion. The identified shoreline intersection serves as a characteristic point for berthing, aiding unmanned sur-
face vehicles in positioning. Finally, the effectiveness of the proposed method is validated through real ship
experiments. [ Results | The experimental outcomes demonstrate that this positioning method yields position-
ing information for ships with an error of less than 0.256 m and exhibits strong adaptability to various interfer-
ences in real-world environments. [ Conclusion ] The improved RANSAC method for ship berthing and un-
berthing can obtain high positioning accuracy even when the quality of the point cloud data is poor.

Key words: unmanned vehicles; mooring; berthing and unberthing; navigation; positioning; lightlaser
detection and ranging (LiDAR); RANSAC
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