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Abstract: Point cloud sensors usually have depth errors, and the existing hand-eye calibration methods
rarely take this factor into account, which leads to the applicability of hand-eye matrices at different scales.
A high-precision hand-eye calibration method based on alternating least squares optimization was pro-
posed. First, by fitting the plane and voxels of the calibration plate to uniformly downsample, the point
cloud data of the near, middle and far scales were preprocessed, and the density of the point cloud of the
calibration plate at different scales was unified; Secondly, the GICP (Generalized-ICP) algorithm was
used to obtain the registration matrix of the point cloud, and the initial value of the hand-eye matrix of each
scale was solved, the hand-eye matrix of one scale was fixed alternately, and the least-squares problem of
rotation translation error is constructed to optimize the registration parameters of the remaining scales. Fi-

nally, the Tsai-Lenz method was recalibrated based on the optimized registration matrix of each scale, and
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the hand-eye matrix to compensate for the depth error was obtained. The comparative experimental results

show that the average error of the rotation matrix is 0. 144 8°, the average error of the translation vector is

0.633 5 mm, and the root mean square error of the point cloud registration using the hand-eye matrix is

0.276 9 mm. Compared with the calibration ball method, the point cloud registration error of the near fo-

cus distance is reduced by 19% on average, and the point cloud registration error of the far focus distance

is reduced by 16 % on average. The method in this paper can effectively reduce the influence of depth error

on calibration accuracy and improve applicability.
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Tab.3 Rotation offset error of the hand-eye matrix at each scale

g 75 455 2 WER R/ (°) KRR 2 /mm
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2.0°/2.0mm  0.1740.11 0.46+0.18 0.61+0.16 0.7140.55 3.1741.92 3.4841.66
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Fig.7 Stability analysis diagram
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Fig.8 Image plane reprojection diagram
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Fig. 9 Reconstruct the scene graph
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Fig. 10 Comparison of results between different methods
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Fig. 11 Gypsum point cloud reconstruction
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