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Abstract: Objectives: The high—precision registration of point cloud data is the key to ensure the integrity
of 3D data on the surface of spatial objects. To address the problem that there are differences in position, at-
titude and scale of cloud data from neighboring stations, a method is proposed to solve the registration
model of point cloud described by the dual quaternion under the constraints of point—planar feature.
Methods: First, the rotation matrix and translation vector of the spatially similar transformation are repre-
sented by the dual quaternion, based on which the scale factor is taken into account and the vertical and
parallel spatial topological relationships exist between the vectors constructed by the points in the plane and
the points out of the plane respectively and the normal vectors of the plane, and this is used as the con-
straint of the spatially similar transformation to construct the parity model based on the least squares crite-

rion. Then the Levenberg—Marquardt method is introduced to solve the level-difference model to avoid the
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possible non—convergence of the iterations in the level-difference treatment due to the inappropriateness of

the initial values or due to the fact that the real symmetric matrix constructed by the Jacobi matrix is close to

singularity.Result: Two sets of experiments are compared and analyzed with the existing methods, and the

experimental results show that the proposed method can effectively achieve point cloud registration.Conclu-

sions: Therefore, the method that takes into account the scale factor under the point—planar feature con-

straint and uses the dual quaternion to realize the spatial similarity transformation has a strong practical

value.
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Fig. 1 Geometric Characteristics of Points and Planes
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Tab. 3 Registration Parameters Calculated by Different Methods

T i JREREHE IS R F-# [ T/m JUEE R ¥ A
—0.208 7 0.978 3 0.000 1 10.789 8
A3 —0.978 2 —0.208 7 0.000 0 —50.956 2 1.000 4
0.000 0 0.000 0 1.000 0 —0.409 3
—0.209 4 0.978 4 0.000 1 10.786 7
SCHik[3] —0.977 3 —0.208 2 0.000 0 —50.959 2 0.999 5
0.000 0 0.000 0 1.000 0 —0.408 4
—0.209 1 0.9777 0.000 0 10.788 4
CHik[9] —0.9779 —0.207 8 0.000 0 —50.953 5 0.999 9
0.000 0 0.000 1 1.000 0 —0.4059
*4 AAFZEREGRBHUETAENEMEFEEBRNRZRHERMSE
Tab.4 Residuals of Normal and Planar Distances of Same Name Feature Plane and Their RMSE A fter
Registration by Different Methods
VilrS An, An, An, My, Ad/mm myg/mm
—0.0015 0.004 2 —0.0011 0.0713
—0.0050 —0.002 1 0.004 4 0.059 8
A3 0.046 6 0.0115 0.007 6 0.024 8 0.0550 0.069 8
0.0010 0.000 9 —0.0050 0.065 2
—0.000 8 0.000 3 0.000 0 0.059 8
—0.001 6 0.004 3 —0.001 2 0.088 4
—0.005 3 —0.002 6 0.004 8 0.077 4
SCHik[3] 0.047 7 0.012 4 0.008 3 0.0255 0.069 8 0.082 2
0.001 7 0.000 4 —0.0050 0.068 3
—0.000 9 0.000 5 0.000 0 0.060 9
—0.0017 0.004 5 —0.0018 0.0515
—0.0055 —0.002 3 0.005 1 0.076 6
SCHRL9] 0.045 6 0.014 9 0.007 9 0.0250 0.056 5 0.070 0
0.001 2 0.0019 —0.005 8 0.062 4
—0.000 8 0.000 3 0.000 0 0.063 1
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