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Fig. 7 The effect of different initial neighborhood radii on the final registration
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Fig. 9 The effect of fixed neighborhood search and adaptive neighborhood search on registration error
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Table 5 The registration parameters of different

algorithms
JEPAE Y N (=R RMSE/m Aisf 8] /ms
Icp 1.85860x107 9738
Bunny K-4PCS+ICP  1.78725%10°° 10407
0°&315° SAC-IA+ICP  1.76909x107 51333
AR 0.72629x107 52249
Icp 28.0400x10™* 7575
China Dragon ~ K—4PCS+ICP  7.21307x10™ 43309
0°&024° SAC-IA+ICP  7.17705x10™ 45302
AR 6.40700x10™ 49617
Icp 1.15839x107 5096
Happy Buddha ~ K—4PCS+ICP  0.98991x107 6556
0°&336° SAC-IA+ICP  0.96930x107° 41162
AR 0.55729x107 46380
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Fig. 18 The diagram of iteration times to different algorithms
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Fig. 19  The registration result of structure B data to different algorithms
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Table 6 The structures registration parameters of

different algorithms

JEPaE Y i Bk RMSE/m A} 1] /ms
ICP 7.36940%1072 8774
K-4PCS+ICP 5.31545%1072 23527
59 B
SAC-IA+ICP 9.03344x1072 199334
REE 4.61793x10° 262291
Icp 22.0413%x107 3507
K-4PCS+ICP 3.65079x1072 16221
59 C
SAC-IA+ICP 5.69839x107 164588
AICHE: 3.01890x1072 201018
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Abstract: With the rapid development of computer vision and 3D laser scanning technology, point cloud data have been widely used in
many fields, such as intelligent transportation, deformation monitoring, 3D reconstruction, and digitization of cultural relics, but many
challenges exist in the collection process. Given the limitation in the viewing angle of laser scanning equipment and complex and changeable
environmental factors, the integrity of the obtained point cloud data exhibits substantial defects, which directly affect the accuracy of
subsequent processing and analysis. Therefore, efficient and accurate registration of point cloud data has become a crucial task.

However, in existing point cloud registration algorithms, the calculation of point features usually adopts a fixed neighborhood, which is
difficult to apply to the feature calculation of complex point clouds. This difficulty leads to problems, such as poor extraction results of
keypoints and a large number of external points in the corresponding points, thereby affecting the accuracy of point cloud registration. To
solve this problem, this study presents a point cloud registration method that uses multifeature keypoint extraction and similar triangle-based
point pair optimization. The core task is extracting keypoints through the adaptive neighborhood strategy and optimizing the matching
similarity model. First, the data are preprocessed by voxel filtering and hybrid filtering, the optimal neighborhood of the point cloud is
determined using the characteristic entropy function, and the keypoints are extracted by combining the standard deviation of normal vectors’
angle anisotropy and curvature. Second, the signature of histogram of orientation is used to calculate the key features. Third, the bidirectional
nearest neighbor distance ratio is employed to construct the initial matching point pairs, and a computational model on the basis of similar
triangles is proposed to optimize the point pairs and complete rough registration. Finally, the point-to-plane Iterative Closest Point (ICP)
algorithm with the angle constraint of normal vector is adopted to achieve accurate registration.

Two experiments based on adaptive neighborhood keypoint extraction and point cloud registration are conducted to verify the
effectiveness of the proposed method. In the adaptive keypoint extraction experiment, the Bunny, China Dragon, and Happy Buddha point
cloud data sets collected from Stanford University and the Taoli Tripod, School Motto Wall, and School History Column point cloud data
sets collected by our research group are used to extract keypoints. Results show that compared with LSP, ISS, Harris3D, and SIFT3D
algorithms, the proposed method has better distinction between the sharp and smooth regions of the surface and better noise resistance. In
the latter type of experiments, point cloud data from different perspectives are used for registration investigations. The proposed method has
a smaller error compared with the point cloud registration algorithm combined with classic ICP, the keypoint-based four-point congruent set,
and the point cloud registration method combined with sampling consistency initial alignment and ICP. In addition, the proposed method
shows substantial advantages in the application of measured data registration.

The experimental findings indicate that the proposed method exhibits a considerable improvement in registration accuracy compared
with existing methods. This work provides the following innovative contributions. (1) An adaptive neighborhood keypoint extraction method
called SDNVA-AC is proposed, and the SHOT feature is integrated to enhance the accuracy of feature extraction. (2) A registration strategy
that combines BNNDR and the triangular similarity model is proposed to improve rough registration accuracy. (3) The point-to-plane ICP
algorithm is improved by adding the angle constraint of normal vector, and the precision of fine registration is improved. This study can
provide strong technical support and a theoretical basis for the research and application of multisource point cloud data fusion.
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