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Abstract In view of the spatial feature correlation of adjacent station clouds collected by ground three-dimensional
laser scanners, and a large number of line-planar features in urban buildings, a point cloud registration method based
on line-planar feature constraints described by dual quaternion is proposed. This method not only uses dual
quaternion to describe spatial transformation parameters, but also takes into account the scale factor. The objective
function of spatial similarity transformation is constructed according to the geometric relationship between line-
planar, as well as the intersection point and angle caused by the intersection of line-planar as registration
constraints. The adjustment model is constructed by using the least square criterion to calculate the relevant
parameters of spatial similarity transformation. In order to avoid the problem of iterative non-convergence caused by
inappropriate initial values, the Levenberg-Marquardt method is applied to the solution of the adjustment model. Finally,

the correctness and feasibility of the method are analyzed by experiments. The results show that the registration accuracy of
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the proposed method is higher than that of the point cloud registration method considering only linear of planar feature

constraints, and the adjustment model solved by Levenberg-Marquardt method can converge correctly under any given initial

value.
Key words

processing; iterative convergence
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Fig. 1 Spatial geometric relation between straight line and plane. (a) Selected line-planar features in un-registered

point cloud; (b) selected line-planar features in target point cloud
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Fig. 2 Flowchart of point cloud registration algorithm
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Table 1 Real value of dual quaternion considering scale factor and calculated value of proposed method

Value 7o 2} ry ry to t t, ty 7
Real value 0. 9953 —0.0002 —0.0001 —0.0968 0.0139 —1.0697 —4.5558 0. 1475 1. 0000
Calculated value 0. 9950 —0. 0003 —0.0007 —0.0967 0. 0107 —1.0690 —4.5549 0. 1469 1. 0002
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Fig. 3 Point cloud data of station 16 and station 17 before and after registration.

(a) Before registration; (b) after registration
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Table 2 Number of iterations and running time of 1-M algorithm and Gaussian-Newton algorithm under different initial values

Algorithm Parameter 1 5 10 15 20 25
M Number of iterations 68 132 503 1720 4328 8641
Time /s 0.134 0. 306 0. 603 2.075 5. 356 10. 402
Number of iterations 18 — — — — —
Gaussian-Newton .
Time /s 0.028 — —
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Fig. 4 Influence of noise standard deviation on registration accuracy under different conditions.

(a) Angle between lines; (b) angle between planes
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Fig. 5 Registration results of Ref. [7,14]. (a) Ref. [7]; (b) Ref. [14]
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Table 3 Spatial transformation parameters calculated by different methods

Method R T /m u

0. 9813 0.1927 —0.0001 —3.0113]

Theoretical value {0. 1927 0.9813 0. 0003} {:8. 8617 1. 0000
0.0001 —0.0003 1. 0000 0. 2976
0.9795 0.1934 —0.0012 —3.0102

Proposed method —0.1914 0.9803 0. 0015 {—8. 8634 1. 0002
L 0.0017 0.0005 1. 0000 0. 2954 |
0.9818 0.1935 —0.0013 —3.0120

Ref. [7] —0.1955 0.9820 —0.0002 {—8. 8612 0. 9999
L—0.0024 0.0002 1. 0000 0. 2961
0.9830 0.1928 0.0019 —3.0123]

Ref. [14] —0.1922 0.9814 O. 0021:{ [:8. 8649 1. 0005
—0.0019 0.0018 1.0000 0. 2952
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Table 4 Angle between line and line, surface and surface and their errors

Method a /() Da /) ap/(C) Dap/(7) Method a /() D /) ap/(C) Dap/()
0. 0953 0. 0934 0.1619 0. 1581
0. 0837 0. 0824 0. 0492 0. 0501

Theoretical value 0.0770 0.0805 0.0760 0.0789 Proposed method 0.1081 0.1148 0.1081 0.1131
0. 0578 0. 0570 0. 0947 0. 0920
0. 0230 0. 0181 0. 0587 0. 0595
0. 1469 0.1118 0. 1374 0. 1709
0. 0787 0. 0236 0. 0760 0.0114

Ref. [7] 0.0797 0.1266 0.1172 0.1240 Ref. [14] 0.0718 0.1286 0.0964 0.1253
0.1162 0. 1274 0. 1412 0. 1008
0. 1283 0. 1358 0.1282 0. 1183
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