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High-Precision Registration of Non-Homologous Point Clouds in
Laser Scanning and Photogrammetry
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Abstract Aiming to address the difficulties in the automatic registration of non-homologous laser scanning and
photogrammetric point cloud data, a method based on fast point feature histogram (FPFH) point cloud coarse registration
and the octree grid iteration improved nearest neighbor (ICP) algorithm is proposed. For coarse registration, a voxel grid is
used to desample the point cloud data before applying the FPFH for feature matching. Finally, the sampling consistent
initial registration (SAC-TA) algorithm is used to obtain the initial registration transformation matrix. For fine registration,
the classical ICP algorithm is used to eliminate the wrong corresponding points by setting the Euclidean distance threshold.
Then, the homonymous point pairs with the highest accuracy are selected in each voxel grid, and the final registration
transformation matrix is calculated using the singular value decomposition (SVD) method. The experimental results show
that the proposed method can be used to solve the registration problem of non-homologous data between laser scanning and
photogrammetric point clouds and has certain research and application value.

Key words machine vision; point cloud registration; scanning point cloud; image point cloud; grid; iteration closest point
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Fig.4 Point cloud visualization. (a) Face point cloud; (b) ear point cloud; (c) buddha head point cloud
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Table 1 Rough matching result of model point cloud

) Number of point
Date Point cloud

Number of down

Registration Registration error /

clouds sampled point clouds time /s (107°m)

Source point cloud 10818 934

Face ) 22.01 3.53
Target point cloud 158344 1009
Source point cloud 20096 1135

Ear ) 24.24 2.29
Target point cloud 114603 1160
Source point cloud 176315 2280

Head ) 56. 17 2.39
Target point cloud 1587694 2456
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Fig.5 Rough registration results of different algorithms. (a) Overall point cloud after down sampling; (b) 4PCS algorithm;
(¢) RANSAC algorithm; (d) proposed algorithm
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Table 2 Comparison of registration results of different coarse registration algorithms

Method Face Ear Head
Time /s Ruyse /(10" m) Time /s Ryse /(10 °m) Time /s Ryse /(107 m)

4PCS 25.18 4.34 30. 29 2.91 65. 38 3.34

RANSAC 41.54 4.11 59.73 2. 66 78.75 2.78

Proposed method 22.01 3.53 24.24 2.29 56.17 2.39
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Fig. 6 Iterative estimation of grid size
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Fig.7 Octree grid rendering. (a) Face point cloud; (b) ear point cloud; (¢) buddha head point cloud
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Fig.8 Corresponding point matching diagrams. (a) Before removing false matching; (b) after removing false matching; (c) the number

of point pairs corresponding to the removal of errors varying with the number of iterations
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Fig.9 Registration results of different methods.
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Fig. 10 Registration results of different algorithms.
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Table 3 Comparison of registration errors of different corresponding point pair selection methods

unit: m

Data Grid centroid Nearest point of grid centroid Point with the smallest Euclidean distance in the grid

Face 2.32X107° 1.01x10°° 5.72X107°

Ear 3.97 X 107° 2.04 <1077 1.59 x 107"

Head 4.36 X 1077 1.53 X 10°° 1.55x 107"

K4 FTHRF G 2 SR T MR TR B T AL
Table 4 Comparison of registration performance between proposed algorithm and classical algorithm
) Face Ear Head
Algorithm - - -
Time /s Rys: /m Time /s Rys: /m Time /s Rys: /m
ICP 106. 44 4.09x 107" 94.76 4.46 X 107" 1416. 99 1.71x10°°
Proposed algorithm 28. 34 5.72 X 1077 30.42 1.59x 107" 478.78 1.55 X 107"
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