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Abstract: To achieve full-view point cloud data acquisition of three-dimensional (3D) scenes, this paper
proposed a multi-beam LiDAR rotational scanning system. The quality of the 3D point cloud reconstruct-
ed by this system was highly dependent on the pose transformation relationship between the LiDAR and
the rotating platform. However, existing calibration methods were mainly designed for single-line LiDAR
applications and faced issues such as overly simplistic calibration models and severe parameter coupling.
Therefore, this paper presented an external parameter calibration method for multi-beam LiDAR rotating

platforms based on planar features. First, a mathematical model for calibrating the target parameters was
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constructed based on plane features by integrating the RAndom SAmple Consensus (RANSAC) algo-
rithm. Then, an improved Particle Swarm Optimization (PSO) algorithm, which introduced a linearly de-
creasing inertia weight coefficient to replace the fixed inertia weight, was employed to optimize the con-
structed mathematical model. Finally, the accuracy and effectiveness of the proposed calibration strategy
were validated through point cloud thickness analysis and 3D scene reconstruction evaluation in both simu-
lation and real-world scenarios. Experimental results show that the point cloud thickness is reduced from
7.668 1 cm before calibration to 4. 039 0 cm after calibration, indicating that the point cloud distribution re-
constructed using the proposed calibration method is more uniform. The comparison of point cloud distri-
bution in reconstructed scenes before and after calibration further verifies the effectiveness and reliability of
the proposed method.

Key words: multi-beam LiIDAR; LiDAR calibration; external calibration; 3D reconstruction; point cloud
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Tab.1 Parameters of LIDAR

Name Parameters
LiDAR model PandarXT-16
Vertical field of view(FoV) /(") —15~+15
Vertical FoV resolution/ (") 2

Horizontal FoV /(") 360
Horizontal FoV resolution/ () 0.4
Horizontal scan frequency/Hz 10
Range accuracy (1o)/cm 0.5
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Fig. 3 Reconstructed point cloud distribution
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Tab.2 External parameters comparison
True value/[ wk‘((’), w,(°), t.(ecm), z,(cm) ] Calibrated value/[ wl((’), w,(°), t.(ecm), z,(cm) ]
Biases 1 [—89.5,0.2, 10, 20] [—89.504 1,0.199 3, 10.021 5, 19. 680 3]
Biases 2 [—89.8,0.1, 5, 10] [—89.7987, 0.1007, 4.988 7, 10.003]
Biases 3 [—89.9,0.05, 2, 5] [—89.8999, 0.049 8, 2.003 1, 4.997 3]
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Tab.3 Point cloud thickness comparison (cm)
Front Back Left Right Average
Before calibration 59.346 7 58.304 9 57.018 9 58.4011 58. 2679
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Fig. 5

Reconstruction point clouds distribution with different parameters
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Tab.4 Calculation results of different methods

w, /(") w,/(°)  t./cm t,/cm

Initial value —90 0 0 0
Alismail®  —89.8204 0.0901 —0.178 1 2.0302

Proposed ~ —89.9788 0.1403 —0.0082 1.4501
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Fig.7 Point clouds for scanning planes in different orientations
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Tab.5 Point cloud thickness calculated by different methods (em)

Point cloud thickness

1 2 3 4 5 6 Average value
Initial value 8.3291 7.648 1 7.8453 7.2729 7.0222 7.890 5 7.668 1
Alismail™ method 4.929 8 4.8799 4.702 2 4.878 6 4.305 8 4.6436 4.7233
Proposed method 4.1316 4.276 9 3.8757 4.079 5 3.697 5 4.1729 4.0390
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Fig. 8 Actual scanning scenarios and reconstructed point cloud
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