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Abstract

To achieve high precision head 3D reconstruction, and address the issues of head model deformation
or incompleteness caused by low overlap ratio and large cumulative errors, this paper proposes a
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global registration method centered on feature point optimization selection. During the preprocessing
stage, the clean head region is segmented from the initial point cloud data. In the feature extraction
stage, high-overlap regions are selected based on geometric distribution, and then the point sets within
them are refined and selected using bidirectional KD-tree technology and a dynamic threshold dual-
constraint strategy to enhance the reliability of point correspondences. Finally, during the registration
process, the model-to-frame optimized global registration of multiple frames is based on the selected
reliable point correspondences. The model is updated promptly after each iteration to enhance inter-
frame overlap and minimize cumulative errors, ultimately reconstructing a complete 3D head model.
Ablation and comparative experiments using multi-angle RGB-D data demonstrate the effectiveness
of the proposed method, with the root mean square error (RMSE) of the reconstructed model being
only 1.7623 mm, and its superiority over other methods. The method significantly improves the reg-
istration accuracy of multi-viewpoint point clouds and achieves the 3D head reconstruction with both
high accuracy and integrity.
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Figure 1. Diagram of the 3D head model reconstruction module
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Figure 2. Selection of areas with high overlap: (a) Before high overlap area selection; (b) After high overlap area selection
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(b)
Figure 3. Elimination of error pairs: (a) Original feature point set; (b) Key feature point set
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Figure 4. Model-to-frame registration process
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Table 1. Experimental results based on DTC
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Figure 5. Reconstruction results of FOGR algorithm compared with other algorithms: (a) 1SS-ICP reconstruction results; (b)
FPFH-ICP reconstruction results; (c) ANGLE-ICP reconstruction results; (d) Our method FOGR reconstruction results
5.FOGR BiAME LR S HMEAMITELE : (a) ISS-ICP EIAE LR ; (b) FPFH-ICP BIAER 4R ;(c) ANGLE-
ICP BEAERER,; (d) AXF5A FOGR ERLER

Table3. Reconstruction results of the head point cloud model under different methods
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ISS-ICP 15.9418 11.2203 6.9369 0.6436 0.6549 0.6627 14.2371
FPFH-ICP 17.2407 12.0967 7.2109 0.6519 0.6897 0.6833 28.0389
ANGLE-ICP 22.1817 16.3021 7.7213 0.7125 0.8139 0.8355 27.6509
FOGR 1.7623 1.5237 2.3645 0.0858 0.1112 0.0821 7.9651
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