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Tree Point Cloud Registration Based on FPFH Feature and NDT Algorithm

YANG Yu-ze,SUN Ying-wei, LIN Wen-shu”

(College of Engineering and Technology , Northeast Forestry University  Harbin 150040, Heilongjiang ,China)

Abstract: Point cloud registration is one of the key issues in 3D digital processing technology and visual
modeling. In order to improve the efficiency and accuracy of 3D point cloud data registration in massive for-
est land, a fast point feature histogram (FPFH) initial registration combined with normal distribution
transformation (NDT) precise registration algorithm was proposed. The registration algorithm first calcu-
lated the normal vectors of two point clouds to be registered,and used the k-d tree structure to accelerate
the calculation of the FPFH features of the point cloud and then according to the similar FPFH features of
the two point clouds,the initial transformation matrix was solved by using the sampling consistency initial
alignment algorithm (SAC-IA),and the initial registration was completed. Finally,the DNT algorithm was
used to prime the point cloud,and the point cloud density probability distribution function was used to pre-
cisely register the point cloud data. The experimental results showed that the average registration error of
the FPFH-NDT algorithm (the average distance of the corresponding point pairs) was 0. 032 3 m,and the

running time was 256. 376 s. In the range of 0. 05 m~0. 1 m point cloud sampling threshold, the registra-
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tion error of the FPFH-NDT algorithm was basically unaffected by the sampling threshold change,and its

value was stable at about 0. 03 m. When the sampling threshold was greater than 0. 1 m,and the registra-

tion error increased with the increase of the sampling threshold. The registration time of the FPFH-NDT

algorithm generally decreased with the increase of point cloud sampling threshold. The average registration

error and time of the traditional ICP algorithm were 0. 526 3 m and 14. 5 s,respectively; while the average

registration error and time of the FPFH-ICP algorithm were 0. 042 5 m and 289. 346 s, respectively. Com-

pared with the traditional ICP algorithm,the FPFH-NDT algorithm had greatly improved the registration

accuracy,while compared with the FPFH-ICP algorithm, based on the accuracy of the registration of the

point cloud, the operation time was reduced and the efficiency was improved for the FPFH-NDT algorithm.

Key words: tree; point cloud; initial registration; precise registration; normal distributions transform
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Fig.1 FPFH-NDT registration technology route
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Table 1 Registration error and run time based on

different sampling thresholds

KA B {E H AR A T A A FoER 22 BATI
/m =HH =HH /m /s
0.05 164 675 138 877 0.032 3 1388.031
0.06 127 403 105 817 0.032 1 847.365
0.07 102 630 84 577 0.032 5 709. 844
0.08 85 417 69 454 0.032 4 464,959
0.09 72 568 59 476 0.032 1 338.831
0.10 63 000 51183 0.032 3 266. 376
0.11 55 350 45 070 0.034 5 245. 365
0.12 49 496 40 167 0.037 5 193.773
0.13 44 437 36 133 0.039 1 159. 983
0.14 40 248 32 876 0.039 9 152,078
0.15 36 661 29 821 0.041 4 142. 649
0.16 33 868 27 446 0.042 3 120. 456
0.17 31078 25 329 0.043 7 98. 955
0.18 28 853 23 629 0.045 1 85. 662
0.19 26 932 22 118 0.046 1 81.451
0. 20 24 961 20 654 0.047 1 76.947
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Table 2 Comparison on registration error and running time

of four registration algorithms

SR i ;ﬂi EE‘/%E% Eﬂ‘(ﬁ/iﬂ‘l‘ﬁﬂ
K AR Hh 5 ICP 30 0.526 3 14.5
NDT 30 0.347 6 13.8

FPFH-ICP 30 0.042 5 289. 346

FPFH-NDT 30 0.032 3 256. 376
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Fig. 4 Point cloud initial pose with sampling threshold
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