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Tab.2 Results Comparison of the Proposed Algorithm and Reference [12](Experiment 1)
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—0.000 2 0.000 2 0.000 3 0.001 8 0.005 9 —0.008 1
A 0.850 3 —0.494 6 0.1800 —22.978 3 0.0001 —0.000 2 0.000 0 0.014 7 0.002 2 0.010 0
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—0.000 4 0.000 2 —0.000 0 0.002 4 —0.007 8 0.000 1
0.000 1 0.000 1 —0.000 5 —0.013 4 —0.026 2 —0.010 2
0.000 5 0.000 5 0.000 1 —0.012 8 0.015 5 0.000 4
—0.000 2 0.000 2 0.000 3 —0.003 2 0.0109 —0.0110
ik[12] 0.850 3 —0.494 6 0.1800 —22.977 4 0.0001 —0.000 2 0.000 0 0.008 9  0.004 0 0.010 0
. 0.479 4 0.868 9 0.123 1 29.401 5—0.000 2 —0.000 2 0.000 3 0.0124 0.012 8 0.026 0 0.025 1
Fk —0.2173 —0.018 4 0.9759 —2.297 1—0.000 2 —0.000 2 —0.0001 —0.001 5 —0.014 1 0.018 8
—0.000 4 0.000 2 —0.000 0 —0.002 1 —0.004 7 0.000 0
0.000 1 0.000 1 —0.000 5 —0.018 8 —0.031 5 —0.004 8
x3 NEHESNHRINK 8 X[ & L& R4FAE
Tab.3 Eight Linear Features Extracted from Neighbor Stations
R B Y I 3ty AR TG A 00
o AR bR 2 SRELY L AR B L SRELY Y
x/m y/m z/m x/m y/m z/m x/m y/m z/m x/m y/m z/m
1 —9.154 9.583 7.885 —4.932 9.416 7.887 —11.352  5.786 8.199 5.493 6.842 4.968
2 —14.826 —1.021 7.880  —14.443 9.207 7.880 —11.521 —5.174 9.616 —12.423 5.135 8.479
3 4.653 8.474 7.894 4.244 —1.769 7.891 6.299  6.354 4.880 7.610 —8.815 6.563
4 —14.832 —1.159 7.880 4.253 —1.907 7.891 —7.944 —4.932 8.930 —2.611 —4.580 7.902
5 —5.757 —1.516 7.900 —5.753 —1.544 3.225 —2.618 —4.578 7.924 —3.810 —5.405 1.415
6 —5.975 —7.086 7.902 —5.969 —7.077 2.994 —2.160—10.098 8.472 —3.012 —10.674 3.830
7 4.668 9.016 2.816 4.675 9.005 7.847 5.333  6.270  —0.147 6.257 6.890 4.842
8 —14.830 —1.159 7.841 —14.824 —1.192 2.765 —11.530 —5.155 9.574 —12.529 —5.872 4.096
T4 ERBUEARTETOTHN LDAR AR ALERRESUFTEESTE RO L (X8 2
Tab.4 Results Comparison of the Proposed Algorithm and Reference [12](Experiment 2)
ey
Wt o B ﬁﬂ(fﬁfﬁl@%%ﬂﬂ? LOMRAFAE 014 5 I 2 B e i 2
e B R F# T/m LAy [0 1) 45 22
RES Al, Al Al . Am ., /m Am,/m Am./m M am
0.000 1 0.001 8 0.000 0 —0.0133 0.0100 —0.014 2
—0.000 4 0.000 0 0.001 1 0.0055 0.013 8 —0.000 1
A 0.9759 0.1023 —0.192 8 —1.206 5 —0.001 0 0.000 0 —0.0019 —0.003 3 0.000 6 0.005 2
N —0.123 4 0.987 2 —0.100 9 3.470 8 —0.000 0 —0.001 2 0.000 7 0.008 0 —0.001 6 —0.004 0 0.018 2
B 0.180 0 0.122 3 0.976 0 1.207 5 —0.000 2 —0.004 1 0.000 0 0.023 2 —0.001 2 0.023 3
0.000 3 0.000 8 0.000 0 —0.006 9 0.007 6 —0.002 8
0.000 7 —0.001 1 —0.000 0 0.001 8 0.001 6 —0.011 9
—0.000 2 —0.000 8 0.000 0 —0.013 3 0.010 0 —0.014 2
0.000 1 0.001 8 0.000 0 —0.013 6 0.003 2 —0.012 3
—0.000 4 0.000 0 0.001 1 0.012 2 0.013 5 —0.003 0
SR 12] 0.9759 0.1023 —0.1928 —1.2056 —0.001 0 0.000 0 —0.001 9 —0.010 0 0.000 8 0.005 1
N —0.123 4 0.987 2 —0.100 9 3.473 5 0.000 0 —0.001 2 0.000 7 0.007 8 —0.008 4 —0.000 6 0.019 3
ok 0.180 0 0.122 3 0.976 0 1.215 2 —0.000 2 —0.004 1 0.000 0 0.026 6 —0.002 8 0.023 3
0.000 3 0.000 8 0.000 0 —0.002 6 0.006 0 —0.002 8
0.000 7 —0.001 1 0.000 0 —0.0001 0.0016 —0.011 9
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A Linear Features-Constrained, Pliicker Coordinates-Based, Closed-Form
Registration Approach to Terrestrial LIDAR Point Clouds

WANG Yongbo'? WANG Yunjia'® SHE Wenwen'? HAN Xinzhe'’
1 Key Laboratory for Land Environment &. Disaster Monitoring of NASG. China University of Mining &. Technology,
Xuzhou 221116, China

2 Jiangsu Key Laboratory of Resources and Environmental Information Engineering, Xuzhou 221116, China

Abstract: Considering that the low accuracy of extracted point features may affect the seamless fusion
of point clouds from two neighbor stations, and by using traditional iterative-form solutions to imple-
ment point clouds registration, the large amount of computer resources, the high dependence on ini-
tial values of unknown parameters, and its theoretical instability in solving transformation parameters
for large-angle registration can hardly be neglected. To alleviate the above problems, a linear features-
based, closed-form solution to registration of pairwise terrestrial LiDAR point clouds is proposed, in
which Pliicker coordinates is introduced to represent linear features in 3D space. A Pliicker coordinate-
based object function is first introduced on the assumption of the consistency of each conjugate linear
features from the two neighbor stations after registration. Based on the theory of least squares and by
extreme value analysis of the error norm, detailed derivations of the model and the main formulas are
all given. Experiments show that the proposed algorithm is just the one expected, the linearization of
multivariate function is neglected in the implementation, and it runs well without initial estimates of
unknown parameters, which assures the stability in solving transformation parameters for large-angle
registration problems. Furthermore, by employing linear features as registration primitives, random
errors may be greatly decreased by fitting contrast to point features based registration algorithms.

Key words: registration; rigid transformation; Pliicker line coordinates; dual quaternions; linear fea-

ture constrained
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