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Abstract The present work systematically discusses the planar-feature-based registration method of high-precision
fusion of terrestrial LiIDAR point clouds, wherein unit quaternion is used as the description operator of spatial
rotation transformation. The 4-tuple representation method of planar features in three-dimensional (3D) space is
given first. Then, the planar feature-based spatial similarity transformation model is constructed on the basis of
ensuring the uniqueness of those planar features’ mathematical expressions. Using the parameter equivalent of each
conjugate planar features after registration as the constraint condition, the objective function of the 3D spatial
similarity transformation is constructed according to the least square criterion, and the iterative solution of the
registration parameters is analyzed according to the extremum of the function. Finally, the correctness and
effectiveness of the algorithm are verified by two sets of LIDAR point cloud data. Results show that in solving the
spatial similarity transformation parameters, the 4-tuple expression method of planar features is used in judging the
consistency of the same-name features after registration through the condition constraints of the parameter
equivalent. Simultaneously, the two constraints of normal consistency and distance zero between the same-name
plane features are considered. Introducing quaternion makes the expressions of the spatial similarity transformation
model more concise, and there are fewer additional constraints in during registration. In the experimental scheme,

given any initial value of an unknown parameter, the proposed algorithm can run and get correct results.
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Fig. 1 Four-tuple representation of a plane in

three-dimensional space
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Fig. 2 Facade LiDAR point clouds of the same building collected from different perspectives. (a) LiDAR point cloud

from the reference station; (b) LiDAR point cloud from the un-registered station
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Table 1 Planar features separately extracted from the reference and the un-registered stations by least square fitting algorithm

Station [, L, L. x v z
—0.7060 0.7081 —0.0128 —70.7593 —6. 3887 26. 4681
—0.7062 0.7079 —0.0108 —50. 4330 13. 7874 22. 2993
Reforence —0.7103 —0.7039 —0.0006 —50.5877 14, 9477 22,2911
. —0.0060 0. 0090 0. 9999 —61.8226 24. 8605 25. 7601
station —0.7044 0.7097 —0.0113 —63. 6772 26.7793 16. 8218
—0.7072 —0.7070 0.0013 — 63,2206 27. 6485 16. 8952
—0.0024 0.0142 0. 9999 —61.5702 25.1852 22.5930
—0.2579 0. 9648 —0.0522 63,6731 —7.8920 15.1750
—0.2586 0. 9647 —0.0503 —36. 1147 —0.4410 16. 7593
Unregisterad - 9112 —0. 2605 —0.2152 — 35,7476 0. 6642 17. 2299
, —0.2194 —0.0081 0.9756 —41. 3592 13. 9261 19.8014
station —0.2560 0. 9654 —0.0508 —40. 0006 17. 5009 10. 9515
—0. 9401 —0. 2659 —0.2132 —39. 2034 18. 0633 11.1137
—0.2123 —0.0054 0.9772 —40. 4619 14. 6743 16. 7639

P 3 WCHERD S AR &R o 8 B RRCR . () BLVERT s (D) BV S

Fig. 3 Visual effects of the point clouds from the two neighboring stations before and after registration.

(a) Before registration; (b) after registration

2 MO S A R T HE 5 TR 44 R 2 1) B 5k 2

Table 2 Registration results and residuals between each pair of conjugate planar features after registration

Scale
Algorithm R |T| /m AL, Al AL, m Am/m m A,
factor p
—0.0004 —0.0004 0.0000 0.0012
—0.0004 —0.0004 0.0000 —0.0071
0.8504 —0.4943 0.1802 —23.0085 0.0001 —0.0001 —0.0002 —0.0391
Proposed
0.4790 0.8691 0.1234 29. 3766 1. 0000 0.0008 0.0008 0.0000 0.0008 —0.0352 0.0307
algorithm
—0.2176 —0.0186 0.9759 —2.2902 —0.0004 —0.0004 0.0005 0.0062
—0. 0007 0. 0007 —0. 0001 0.0394
—0. 0006 0. 0000 0.0000 0.0352
—0.0002 —0.0002 —0.0001 0.0163
—0.0002 —0.0002 —0.0001 0.0079
0.8504 —0.4945 0.1796 —22.9656 —0. 0001 0. 0001 0. 0007 0.0018
Algorithm in
Ref. [8] 0.4794 0.8690 0.1227 29.3962 1. 0004 0.0014 0.0015 —0.0000 0.0011 —0.0627 0.0428
ef. |8
—0.2168 —0.0183 0.9761 —2.2652 —0.0002 —0.0002 0.0004 0.0145
—0. 0009 0. 0009 0.0008 0.0802
—0. 0000 0.0007 —0.0000 0. 0085
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Fig. 4 Facade LiDAR point clouds of the same part of another building collected from different perspectives.

(a) LiDAR point cloud from the reference station; (b) LiDAR point cloud from the un-registered station
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Table 3 Planar features separately extracted from the reference and the un-registered stations by least square fitting algorithm

Station l [

. L. x Y z
—0.0110 —0.0054 0.9999 —12.5529 —38.3620 18.5852
—0.0762 —0.9971 —0.0063 —8.8728 —35.7275 17. 3675
—0.9877 0.1561 —0.0092 —14.5785 —31.4954 18.4312
—0.2056 —0.9786 —0.0069 —21. 8180 —28.8210 14.7325
Reference
—0.2069 —0.9784 —0.0019 —31.2109 —22.8085 11.7132
station
—0.9791 0.2028 —0.0143 —15. 7465 —16. 3954 0. 3823
—0.0621 —0. 3808 —0.9226 —15.9412 —16.2637 0. 8802
—0.0117 —0.0038 0.9999 —17.8117 —31.5307 8.3983
—0.9867 0.1623 —0.0113 —22.0955 —31.5778 7.0024
—0.0117 0. 0054 0.9999 —37.1151 —16.1259 18. 5837
—0.7944 —0.6073 —0.0062 —32.5529 —17.1743 17. 3245
—0.5419 0. 8404 —0.0097 —33.2499 —10. 1385 18. 3661
—0. 8666 —0.4990 —0.0069 —35.8191 —3.2936 15,4112
Un-registered
—0.8673 —0.4978 —0.0015 —37.7634 8.0171 11. 8171
station
—0.5018 0. 8649 —0.0144 —22.6710 0. 8429 0. 3696
—0. 3241 —0.2110 —0.9222 —22.7286 1. 0535 0. 8693
—0.0111 0.0069 0.9999 —35.2226 —8.1253 8.3990
—0.5393 0. 8420 —0.0118 —38.4293 —4.6610 7.1060
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Fig. 5 Visual effects of the point clouds from the two neighboring stations before and after registration.

(a) Before registration; (b) after registration
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Table 4 Registration results and residuals between each pair of conjugate planar features after registration

Algorithm R |T| /m Al, Al Al m Am/m my,
factor p
—0.0001 0.0001 —0.0000 0.0252
0.0012 —0.0001 0.0003 0.0013
—0.0001 —0.0007 —0.0005 0.0316
0.6670 —0.7451 0.0009 0. 0058 0. 0006 —0. 0001 0.0002 0.0018
Proposed
0.7451 0.6670 —0.0004 —0. 0808 0.9979 0.0007 —0.0001 —0.0002 0.0015 —0.0110 0.0315
algorithm
—0.0003 0.0010 1..0000 0.0137 —0.0000—0.0002 —0.0009 0. 0350
—0.0023 0.0010 —0.0003 0. 0240
—0.0001 0.0003 0. 0000 —0. 0030
0.0004 0.0025 —0.0005 —0.0662
—0.0001 0.0001 —0.0000 —0.0014
0.0012 —0.0001 0.0003 —0. 0009
—0. 0001 —0. 0007 —0.0005 —0. 0067
0.6663 —0.7457 0. 0005 —0.0014 0.0006 —0.0001 0.0002 0.0049
Algorithm in
Ref, [8] 0. 7457 0.6663 —0.0002 —0. 0064 1. 0000 0.0007 —0.0001 —0.0002 0.0017 0.0001 0.0440
er.
—0. 0001 0. 0005 1. 0000, 0.0011 —0. 0000 —0.0002 —0.0009 —0.0126
—0.0023 0.0010 —0.0003 0.0271
—0.0001 0.0003 0. 0000 —0. 0085
0.0004 0.0025 —0.0005 —0.1203
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