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Abstract A robust matching algorithm based on spatial marked points is proposed to improve the reliability of three—
dimensional (3D) scanning registration. This methodology defines the spatial energy to describe the uniqueness of
the marked points, which is based on the distance and the spatial relationship between the marked points. Besides,
the uniqueness of the energy can be applied to match the marked—points and stitch them together in different views.
Compared with the traditional methodology, this algorithm can significantly avoid the ambiguity problem in the
process of stitching. According to the experimental results, it only takes less than 2 ms to reach the accuracy of 100%
when matching the marked—points in two views, which can realize the 3D data registration of multiple-view in the
real time.
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Fig.1 Model of scanning system
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Fig.2 Collection of candidate matching points
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Table 1 3D coordinates of marked points in different coordinate systems

P X Y A Q X Y Z

D1 -40.647 30.224 339.947 Q 207.746 -112.072 218.235
P2 -13.136 16.172 323.315 q> 193.111 -129.902 229.766
s -63.411 14.162 356.193 qs 249.951 -125.873 185.175
Da 9.292 4.497 318.244 q 231.022 -144.196 198.631
s -34.910 -2.886 334.940 qs 201.046 -159.215 222.676
Ds -62.644 -15.698 357.115 Qs 182.009 —-155.844 250.615
Ppr -40.500 -31.844 346.301 q- 222.589 -177.421 208.417
s -7.688 -33.795 332.504 qs 209.161 —-195.816 227.107
Do 17.233 -49.277 328.726 Qo 190.668 —-186.858 248.807
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Fig.4 3D data in different view—point. (a) View-point [ ; Fig.5 3D data after registration. (a) Algorithm of energy;
(b) view-point Il (b) algorithm of distance—matrix
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Fig.9 Software and hardware of scan system. (a) Handy laser scanner; (b) user interface of the software in scanning
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2 PR
Table 2 Error of registration unit: mm
Number X Y Z x Yy 2 Errors
1 -4.195 29.596 292.112 -4.191 29.589 292.132 0.022
2 -35.942 14.798 302.139 -35.940 14.792 302.120 0.020
3 -20.105 -1.824 293.277 -20.127 -1.821 293.271 0.026
4 -3.295 -31.543 297.462 -3.288 -31.539 297.468 0.010
5 -37.051 -39.491 316.405 -37.059 -39.481 316.421 0.021
#3 VPR A
Table 3 Average time of registration unit: ms
Order 1 2 3 4 5 6 7 8 9 10 Average time
1 1.5 1.4 1.2 0.9 1.2 1.8 1.1 2.3 1.5 2.2 1.51
2 2.5 3.1 3.0 1.5 1.1 1.4 1.5 1.2 2.0 1.6 1.89
3 2.5 3.2 3.3 2.6 3.2 2.4 3.0 3.4 2.9 2.5 2.90
4 1.4 1.1 1.4 1.3 1.5 1.3 1.1 1.2 1.0 1.8 1.31
5 1.5 1.2 1.0 1.1 1.5 1.5 1.2 1.0 1.1 1.2 1.18
i: N
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