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Additional value-added conditional moving least squares method for

point cloud hole repair

Lan Yiling, Kang Chuanli, Wang Ning, Yang Jiale, Chen Jinqi
(College of Geomatics and Geoinformation, Guilin University of Technology, Guilin 541006, China)

Abstract: Due to the limitations of scanning equipment or the complexity of the model structure, holes appear in
the point cloud model, which seriously affects the subsequent processing of the model. To address the problem of
point cloud hole repair, this paper proposes a point cloud hole repair method with an additional value-added
conditional moving least squares method. Firstly, the closed hole boundary is extracted and iteratively sliced
through density analysis, which not only reduces the impact of the uneven distribution of the point cloud, but also
improves the retention standard of detailed features of the model; Besides, the discrete group of points is projected
onto the fitted surface, and the projected point set is fitted twice to obtain the nodes of the fitted surface to ensure
that there are enough boundary neighborhood nodes for hole repair; Finally, the holes are repaired by using the
additional value-added conditional moving least squares method. Meanwhile, the curvature of the value-added
point cloud is constrained, so as to achieve the reconstruction that fits the spatial characteristics of the original
model. In the test, different types of holes are artificially made on four point cloud models, and the effectiveness

of proposed method is verified by comparison with the existing four methods. The results show that, compared
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with the four existing methods, the completeness and accuracy of this method are improved by more than 1.83%,

and the root mean square error of the alignment and the root mean square of the curvature are reduced by more

than 68%, which proves the applicability of this method for point cloud model holes, which can provide reliable

information for the reconstruction of 3D point cloud models.
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Tab.1 Comparison of hole repair results of stela model point cloud
gggglc%?::: clI(;IS(lienrl)l?;I:er Box parameters/m Method Cll{:fgi;;zibrgr Integrity rate  Accuracy rate  ICP-error/mm t/s
TG 307 92.32% 88.46% 0.105 20.24
40316 FWS 126 96.51% 91.07% 0.064 13.41
2890 216 dy=1.278 MLS 105 90.43% 86.62% 0.142 17.58
d==0.980 Literature [10] 169 98.01% 94.74% 0.025 9.83
Proposed 254 99.84% 97.38% 0.008 3.16
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Fig.5 Comparison chart of curvature distribution of horse head model
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Tab.2 Comparison of point cloud hole repair results of horse head model

l:{gjzlci(z;?: clIcJ)Il(l)(lienr:r)rllrllater Box parameters/m Method 5;:5;1:1 fr?lggr Integrity rate Accuracy rate Rmse/mm ICP-error/mm  t/s
TG 562 91.38% 86.14% 0.556 1.342 47.35
1r—0.068 FWS 127 95.75% 85.72% 0.507 1.914 39.48
9695 302 dy:O:084 MLS 101 88.90% 83.48% 0.574 1.275 44.19
d==0.044 " [iicrature [10] 176 97.04% 91.37% 0.172 0851 3454
Proposed 279 98.96% 94.39% 0.029 0.258 13.26
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Tab.3 Comparison of point cloud hole repair results of Bunny model

Model point ~ Hole point Repair point

cloud count  cloud number Box parameters/m Method cloud number Integrity rate  Accuracy rate Rmse/mm ICP-error/mm  #/s
TG 1188 92.12% 83.76% 3.785 0.303 85.59
d=15.570 FWS 253 90.68% 83.04% 3.506 0.099 76.60
35947 620 dy=15.433 MLS 225 89.76% 80.49% 3.668 0.282 80.31
d=12.067 Literature [10] 356 93.71% 89.72% 2.336 0.094 6339
Proposed 539 99.05% 93.87% 1.051 0.003 28.49

S8 4 P dragon FERY, SZAREL S B 5 A3 (E] AR A DNV K O SR TR I L2 R s i) 445 ) A M JE 5 R 2
S A R BE RO, e 25 R E B R R A R T . dragon MY AL 18 b ad A LA K I 48
AL BRI AR N FLIR , 45 dragon £L{ SR XS LA 8 firs . [ 8(e) P AL &
sz B ARAR AR R R HL A [ R ik A2 2R Y NI R, B SO AR

() PRI G4 (b) WU 4S (c) FLIF L S AR BT 1 (d) FeZ B RS
(a) Initial ftting (b) Secondary fitting (c) Boundary neighbor nodes (d) Repair results
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Fig.8 Hole repair process of the dragon model and the comparison between the original model and the repair result

dragon #7511 5 LI AN R SR A5 SR (1] 9) L5k R L BE BRI DX 8, o b ox LU 7 9 48 b 2 22 1
AR AEXT AR (B 10) S fe R 55 LAY, TG FWS. K, BEIJC I8 2 it 28 5 80 AU A5 AE A7 K AR 15 3 R 47K
MLS FI3CHK [10] A REE 1 J5L b AL 89 B il 3 15 %5 2 52, AESCHR 5 i RE B AR S LR DA Y 25 ] 4544
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FLIA A TH BE B A MK 52 3% DX 23 ) 45 4 S5 A, 1
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HIZE 4 AT, o TS 245 (1) 45 ) 5 A5 25 o AR R A

(d) MLS (e) Literature [10](f) Proposed (e) Literature [10] (f) Proposed

& 9 dragon HEIFLIR BN E T €l 10 dragon #5751 i =R 4341 X LE [F
Fig.9 Hole repair results of the dragon model Fig.10 Comparison of the curvature distribution of the dragon model
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Tab.4 Comparison of point cloud hole repair results of dragon model

Model point  Hole point

cloud count  cloud number Box parameters/m Method Repair number Integrity rate Accuracy rate Rmse/mm ICP-error/mm /s
TG 1003 83.68% 79.75% 2.857 4.186 163.40
dx=0205 FWS 395 81.14% 73.46% 3.394 5.800 146.17
47449 2158 dy=0.144 MLS 368 72.62% 65.20% 5.166 6.572 98.46
d==0.092 Yjerature [10] 647 83.23% 80.09% 2825 4311 11253
Proposed 1515 98.67% 91.95% 0.772 0.735 57.32

20220390-9



ISk A2

% 2 www.irla.cn % 52 A
REE BN S A dimensional modeling and volume calculation for space objects

[J]. Chinese Journal of Lasers,2020,47(5): 0510001. (in Chinese)
4 z:lél: i@ [91 YangY Q, Li S H. Hole repairing algorithm for point cloud data

Bt Xt 43 ) 2 2% B N T) 1Y) st 2 A AR L [, 44 14
TR BRI 0 A5 0 B f /N R, ik
FRVD O BEAS R ARRAE , 75X 22 A A 1 — A i i
W /IME I BB 22, 5 R BRI 1 £ 0 B B/
TR B TR LA R B FLIR B AN o L PO RO
[R5 L AR R/IND RS [ 52 2 1) 1 = B Sl 4
Pa R, XF o pUBh B AT 19 5 2 FLIR B 7 3k mT L, Ser
TIEAENE B F AR RIOLH, Horh o R P 8 1.83%~
35.87%, MEHHFAR T 2.64%~41.03%, Mo X )T fL iR 2%
5B i 38 R4 IR T 68%. 69.68% LA I, #E
TSR AL T AR T 2, WL B
W G R R AR, IR T R SRR R
AR BARE, X o R B A ol M . 10k
LI ) =2 5 Y, e is R R 52 T — 251
FFTE A

&% 3k

[1] Shao X J, Pan S, Song S, et al. Research on point cloud splicing
for inner surface inspection of deep hole [J]. Infrared and Laser
Engineering, 2021, 50(12): 20210210. (in Chinese)

[21 Zhao F Q, Zhou M Q. Hierarchical point cloud denoising
algorithm [J]. Optics and Precision Engineering, 2020, 28(7):
1618-1625. (in Chinese)

[31 Chang B T, Chen C F, Guo J J, et al. Interpolation-based
filtering with segmentation for airborne LiDAR point clouds [J].
Infrared and Laser Engineering, 2021, 50(9): 20200369. (in
Chinese)

[4] Pang C, Zhong X, Hu H, et al. Adaptive obstacle detection for
mobile robots in urban environments using downward-looking
2D LiDAR [J]. Sensors, 2018, 18(6): 1749-1767.

[5T WuQH, Cai QJS, Lai C A, et al. Registration of losing point
cloud based on clustering extended Gaussian image [J]. Optics
and Precision Engineering,2021,29(5): 1199-1206. (in Chinese)

[6] Huang X, Xie C, Fang X, et al. Combining pixel and object-
based machine learning for identification of water-body types
from urban high-resolution remote-sensing imagery [J]. IEEE
Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 2015, 8(5): 2097-2110.

[71 HanlJ, Jiang B C, Xia L, et al. A B-spline curve fitting algorithm
based on contour key points [J]. Applied Mathematics and
Mechanics, 2015, 36(4): 423-431. (in Chinese)

[8] Hu Y Y, Wang J J, Fan Y Y, et al. LiDAR-based three-

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

20220390-10

based on least square support vector machine [J]. Journal of
Jilin University (Science Edition), 2018, 56(3): 692-696. (in
Chinese)

Li Y W, Geng G H, Wei X R. Hole-filling algorithm based on
poisson equation [J]. Computer Engineering, 2017, 480(10):
209-221. (in Chinese)

He J D, NiuJ Y, Zhang Z R, et al. Repairing method of missing
area of dairy cows’point cloud based on improved cubic B-
spline curve [J]. Journal of Agricultural Machinery, 2018,
49(6): 225-231. (in Chinese)

Gai S, Da F P, Zeng L L, et al. Research on a hole filling
algorithm of a point cloud based on structure from motion [J].
Journal of the Optical Society of America A, 2019, 36(2): 39-
46.

Harary G, Tal A, Grinspun E. Context-based coherent surface
completion [J]. ACM Transactions on Graphics, 2014, 33(1): 1-
12.

He G Z. Hole patching of adaptive slicing based on feature-data
segmentation [J]. Journal of East China Jiaotong University,
2014, 31(4): 95-99. (in Chinese)

Wang Y G, Xu Ya J. Research about point cloud hole-repairing
based on bidirectional slice method [J]. Geomatics & Spatial
Information Technology, 2015, 38(10): 218-220. (in Chinese)
Salkauskas P L. Surfaces generated by moving least squares
methods [J]. Mathematics of Computation, 1981, 37(155): 141-
158.

Hui Z Y, Li N, Hu H Y, et al. Multi-scale progressive digital
terrain model construction method based on backpack LiDAR
point cloud [J]. Chinese Journal of Lasers, 2022, 49(4):
0410001. (in Chinese)

XuY T, Li GY, Qiu C X, et al. Single photon laser data
processing technology based on Terrain Correlation and least
square curve fitting [J]. Infiared and Laser Engineering, 2019,
48(12): 1205004. (in Chinese)

Ma D, Li G, Gui J, et al. Research on redundant data reduction
algorithm of laser scanning point cloud based on curvature and
normal [J]. Boletin Tecnico/Technical Bulletin, 2017, 55(6):
272-278.

Tang Z Y, Gao B L, Dou M L. Point clouds simplification
algorithm based on weighted least squares surface fittiong for
curvature computation [J]. Computer Engineering and Design,
2019, 40(6): 1606-1610, 1659. (in Chinese)

Sun D Z, Fan Z X, Li Y R. Automatic extraction of boundary
characteristic from scatter data [J]. Journal of Huazhong
University of Science and Technology (Natural Science

Edition), 2008, 297(8): 82-84. (in Chinese)


https://doi.org/10.3788/IRLA20210210
https://doi.org/10.3788/IRLA20210210
https://doi.org/10.37188/OPE.20202807.1618
https://doi.org/10.3788/IRLA20200369
https://doi.org/10.3390/s18061749
https://doi.org/10.37188/OPE.20212905.1199
https://doi.org/10.37188/OPE.20212905.1199
https://doi.org/10.1109/JSTARS.2015.2420713
https://doi.org/10.1109/JSTARS.2015.2420713
https://doi.org/10.1109/JSTARS.2015.2420713
https://doi.org/10.3879/j.issn.1000-0887.2015.04.010
https://doi.org/10.3879/j.issn.1000-0887.2015.04.010
https://doi.org/10.3788/CJL202047.0510001
https://doi.org/10.1364/JOSAA.36.000A39
https://doi.org/https://doi.org/10.1145/2532548
https://doi.org/10.1090/S0025-5718-1981-0616367-1
https://doi.org/10.3788/CJL202249.0410001
https://doi.org/10.3788/IRLA201948.1205004

	0 引　言
	1 方法原理
	1.1 孔洞边界检测与提取
	1.2 迭代切片

	2 算法改进
	2.1 移动最小二乘法
	2.2 附加增值条件的移动最小二乘法

	3 实验与分析
	3.1 精度评定
	3.2 结果与分析

	4 结　论
	参考文献

