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Algorithm for Extracting Sharp Features from Point Cloud Models
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Abstract

Based on the moving least squares method, a method for extracting feature curves from point clouds
was presented. Firstly the algorithm calculated projection residuals and potential feature points were
identified in point cloud model. The potential feature points were then smoothed by employing a modified
version of the principal component analysis approach. Subsequently, a feature-polyline propagation
technique was used to approximate the feature points by a set of polylines. Finally the feature curves were

optimized by the algorithm to resolve gaps and recover the junctions. Experiments show that the algorithm

is very robust, and it can extract feature curves from various point clouds.
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Fig. 1 Over view of our feature extraction pipeline
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Fig.2 Schematic of computing residual for sample points
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Fig.4 Schematic of adaptive neighborhood growth scheme
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Fig.5 Schematic of feature-polyline propagation method
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(a) Double_torus % (b) ScallopCube £ () Octhedron fi%
Gumhold J7 7% 4& B i Ak i 26 8¢ K ke, & ]
Demarsin J5 2% i 32 % 5 I ¢ AR il 28 1E 17 56 AL
GRS AOR E R B AR T SE R R, X T
Fandisk #8581 A< 880 4 05 6] S 47. 22 s, 1 Demarsin
T 62.35s, WA, AL IL N Fandisk £
RUGEST T ORBEHY F ALRRAIE

e e — I e
;}f)l =1 [ [
viima T
/oo / | A |

<l 1@ ]

% 2 % | § | | | | %
| 1 [ - i L] |
== Sl = i

() (b) ©
B8 A B 7 1 ScallopCube 5875 v £ Y 4 A h 25
Fig.8 Features extracted from ScallopCube with noise

(a) [ &(p) |l <0.01d, (b) [8(p) || <0.06d,

(e) 18(p) || <0.10d,

B9 ASCHriS Gumhold J5™) B Demarsin 773" 1y oA
Fig.9 Comparison of Gumhold, Demarsin and our method
() Gumhold J7#%  (b) Demarsin ik (c) ASCH

21 RALEDL 4N PR PFATH E . Lg%
B AR ORIk B SRR AE TR S st P AR A e v, o T
P i vk m R R E 2w A S 2 A
o YELEBIRIRRE RO B AR B 20, BRI A A
B B BRAT I ) 2 2 P g . B R S,



9511 1) ARAC AF . BRI AR IS vk 227

LB R/ TR G AR UM A X AR R IR 2B R 2 b 1, iy LUBE S 503 A I ) e 2
BEAGRZ WA, BT DURFAE P 53 60 A0 BRI (] 2 B A, [/ M

F1 ZHEFEITHERRE BT E ST

Tab.1 Run time statistic of feature curves extraction

AT ) /s

o B/ Mb W
FHAE RS FHE S5 reed ik B &t
0. 00 8. 11 1.17 2.84 0.75 12. 87
Octhedron 2.1 0. 06 10. 30 2.04 3.12 1. 44 16.90
0.10 12. 85 2.18 3.55 2.83 21.41
0. 00 25.02 3.54 5.41 1.92 35.87
Double_torus 6.59 0. 06 29.54 4.42 6.21 2.51 42. 68
0.10 35.17 4.16 6.37 2.89 48.59
0. 00 34.51 3.76 6.52 2.43 47.22
Fandisk 7.52 0. 06 39.23 4.42 7. 64 2.87 54.16
0. 10 43.41 5.03 8.25 3. 66 60. 35
0. 00 39.75 1.53 3.16 1.07 45.51
ScallopCube 10.2 0. 06 45.58 2.26 4.52 1. 88 54.24
0.10 50.29 2.18 4.98 2.46 59.91

7 BEdiE FEAFAE U R AE SO R AE 37 4R A 1S PR R AE

5 o AR SO T B WU 4 ik 413 DI L, [ i 2 A6

T — A E AR PR N SRR AE M RS RS TARBUM A SRR AR AR WL IRk T DL
%A ER A Z PR E., RAERaEE R S BRI RE , B B B R E .

11

12

13
14

2 £ x #

Scheidegger C E, Fleishman S, Silva C T. Triangulating point set surfaces with bounded error [ C] // Proceedings of the 3rd
Eurographics: Symposium on Geometry Processing, 2005 63 ~72.
RBRIL, 58, SO0 F 5. BET LRSS 0 EORMI R =g R Em A [ T]. RO MU =4 ,2010,41(4) ;145 ~ 148.
Zhao Chunjiang, Yang Liang, Guo Xinyu, et al. Corn skeleton reconstruction based on stereo vision [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2010, 41(4) . 145 ~148. (in Chinese)
Gumhold S, Wang X, McLeod R. Feature extraction from point clouds [ C] // Proceedings of the 10th International Meshing
Roundtable, 2001 293 ~305.
Pauly M, Keiser R, Gross M. Multi-scale feature extraction on point-sampled surfaces [ J]. Computer Graphics Forum,
2003, 22 (3): 281 ~290.
Demarsin K, Vanderstraeten D, Volodine T, et al. Detection of closed sharp edges in point clouds using normal estimation
and graph theory [ J]. Computer Aided Design, 2007, 39 (4): 276 ~283.
Fleishman S, Cohen O D, Silva C T. Robust moving least squares fitting with sharp features [ J]. ACM Transactions on
Graphics, 2005, 24(3) : 544 ~552.
Alexa M, Adamson A. On normal and projection operators for surfaces defined by point sets [ C] // Procecdings of the
Eurographics Symposium on Point-based Graphics, 2004 ; 149 ~ 155.
Lipman Y, Cohen-Or D, Levin D. Data-dependent MLS for faithful surface approximation [ C] // Proceedings of the 5th
Eurographics Symposium on Geometry Processing, 2007 : 59 ~67.
David M M, Nathan S N, Kathleen R, et al. A practical approximation algorithm for the LMS line estimator [ J].
Computational Statistics & Data Analysis, 2007, 51(5) : 2461 ~2486.
Atkinson A C, Riani M. Regression diagnostics for binomial data from the forward search [J]. Journal of the Royal
Statistical Society Series D—the Statistician, 2001, 50(1): 63 ~78.
Mrigot Q, Ovsjanikov M, Guibas L. J. Robust voronoi-based curvature and feature estimation [ C] // Proceedings of 2009
SLAM/ACM Joint Conference on Geometric and Physical Modeling, 2009 1 ~12.
Hoppe H, DeRose T, Duchamp T, et al. Surface reconstruction from unorganized points [ C] // Proceedings of the 19th
Annual Conference on Computer Graphics and Interactive Techniques, 1992, 26(2) . 71 ~78.
Lee I K. Curve reconstruction from unorganized points [ J]. Computer Aided Geometric Design, 2000, 17(2): 161 ~177.
Pitman J. Probability [ M]. Berlin Heidelberg: Springer-Verlag, 1992.



