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Abstract: With the rapid development of 3D laser scanning technology, point cloud data had been widely
applied in fields such as autonomous driving, 3D modeling, medical research, reverse engineering, and ru-
ral revitalization. However, due to the influence of instrument performance, surrounding environment,

and the characteristics of the scanned target itself, the point cloud data obtained by scanning often contains
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a large amount of noise, which seriously affected the accuracy of subsequent point cloud processing.
Therefore, it was necessary to denoise it. A hierarchical point cloud denoising with geometric feature pres-
ervation was proposed to address the issues of weak sensitivity to parameters, high computational complex-
ity, and poor preservation of geometric features in traditional filtering algorithms. Firstly, the algorithm in-
troduced point cloud density features into the radius filtering algorithm to improve initial parameter selec-
tion and achieve large-scale noise removal; Then, using KD tree (K-Dimensional Tree) to optimize the
Density Based Spatial Clustering of Applications with Noise (DBSCAN) algorithm, and combining cor-
ner features to adaptively select the parameters of the DBSCAN algorithm, the point cloud data was divid-
ed into effective clusters, fuzzy clusters, and noise clusters to remove noise clusters; Finally, the distance
consensus evaluation algorithm was used to determine the fuzzy clusters, and the distance between the
fuzzy points and the point cloud fitting surface is calculated to determine whether they were noise points, in
order to remove small-scale noise from the point cloud. The experiment used a public point cloud dataset
and field collected rural point cloud data to validate the proposed algorithm. The results showed that com-
pared with DBSCAN algorithm, improved forest denoising method, geometric feature preservation de-
noising method, improved density clustering denoising method, and multi feature grid denoising method,
the proposed algorithm had better preservation of sharp geometric features, and the denoising accuracy was
improved by about 43%, 27%, 29%, 21%, and 9%, respectively. This algorithm can effectively main-
tain geometric features while improving denoising accuracy, making it an effective point cloud denoising al-
gorithm.

Key words: point cloud denoising; radius filtering; distance consensus assessment; density; corner point
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Fig.1 Flow chart of point cloud denoising algorithm
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Fig. 2 Comparison results of large-scale denoising using Bunny model
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Fig. 5 Denoising results of Bunny model
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Fig. 6 Denoising results of Dragon model
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Fig. 7 Denoising results of Horse model
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Tab.1 Comparison Tab. of point cloud denoising results

JET 1 S AN F MR EME S KN KR E/mm FHIRZE/mm KR/ FER /s
DBSCAN 36 659 0.0687 0.0417 81.57 9.93
P AR PR I 36 264 0.046 4 0.0326 91. 80 12.13
DIRGEERNRISREN 3PS 36 118 0.042 8 0.0311 95.57 11.11
Bunny 39 811
A i RIS e M ik 36 107 0.038 6 0.026 3 95. 86 9.62
ZHFAE A5 2 M ik 36 087 0.0334 0.024 1 96. 38 8.56
AR 36065 0.030 1 0.020 4 96. 95 7.37
DBSCAN 42 570 0.0721 0.0455 88.73 10. 47
AT 7R A 2 M 42 347 0.054 3 0.036 8 92. 28 12. 68
JUARI R AR PR 5 2 M vk 42 249 0.0527 0.0370 93. 69 11. 60
Dragon 48 308 )
O R IS e M ik 42180 0.049 3 0.0357 94.76 9.57
Z2HRAE ) 5 2 M vk 42 067 0.046 5 0.029 2 96. 51 8. 89
AR 42 043 0.0439 0.0249 96. 88 8.42
DBSCAN 49 509 0.074 4 0.047 7 89.71 12.90
Pk AR PR 2 Rk 49 215 0.056 9 0.0385 92. 67 15.23
JUARI R AR R 5 2 MR vk 48 819 0.054 2 0.0399 96. 65 14. 21
Horse 58 441
LT BT L SR 48 769 0.052 8 0.0324 97.15 12.76
SR 0 A 25 MR 48 756 0.049 1 0.029 6 97.42 11.90
AR 48 716 0.046 1 0.027 4 97.78 10.03
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Fig.8 Cloud data model of scenic spots with noise

(a)DBSCANEL
(a) DBSCAN algorithm

(0) JLATRF{E (R 15 51 1%

(c) Geometric feature preservation algorithm

(o) Bk TR ik

(d) Improving density clustering method

(e) ZFRHIE P A& 25
(e) Multi feature grid method

() RCE L
(f) Proposed algorithm

K9 Fsmia L EBER

Fig.9 Denoising result of scene point cloud 1
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Tab.2 Comparison of cloud denoising results for scenic spots
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Fig. 10 Denoising result of scene point cloud 2
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Jebiy M = KN F MR WG S RN RRIRE/mm FHIRE/mm FERT /s
DBSCAN 679 493 0.080 8 0.0520 13. 44
P E AR MR 2 Rk 675 427 0.0589 0.042 8 15. 65
JUAATRRAE £ e 2 M s 678 608 0.054 7 0.042 1 14.70
Kmm el 690 708
Pk R R S e Mk 683 390 0.0519 0.0410 12. 16
Z2 R AIE ) A% 2 M ik 684 782 0.048 3 0.0359 11.93
AR 685 427 0.043 2 0.0307 10. 84
DBSCAN 771718 0.0829 0.0555 14. 45
Pk AR bR 2 MRk 771 683 0.0614 0.046 0 16. 70
JUAR 5 AF LR 5 25 W ik 771 549 0.057 1 0.0458 15. 82
KRGFE =2 771 885
D R R ek 771 684 0.052 4 0.0429 13.16
Z2RFAE W A% 2 M 771 631 0.049 1 0.0410 12.83
AR 771 658 0.0454 0.0331 11.89
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Fig. 11 Noisy rural point cloud data model
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Fig. 12 Denoising results of rural point clouds
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Tab. 3 Comparison Tab. of Rural Point Cloud Denoising Results
JEe JE iy N F MRk EWE S RN KR ZE/mm FER2E /mm FEHE/s
DBSCAN 310 174 0.091 2 0.064 4 23.91
A HE AR MR 310 440 0.074 9 0.050 1 20. 37
JUART R AR AR 45 25 g % 310 729 0.0725 0.049 9 19.01
EZRPEeN 311 889
Dk i RS e M ik 310 563 0.0711 0.044 9 17.62
2 FRAE A 2 Mk 310 514 0.062 4 0.042 5 16.17
ARSI 310 622 0.0610 0.040 3 14. 24
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