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Abstract An algorithm for the automatic segmentation of dense circular pipeline point cloud data is proposed. The
cloud data is divided into several sub-blocks based on the octree structure, among which the spatial neighborhood
relationship is established. The random sampling consensus algorithm based on the normal vector constraints is used
to remove the large area plane within each sub-block and simultaneously, the Euclidean distance clustering and the
region growing segmentation algorithm based on the smoothness constraints are used to refine the data again. The
experimental results show that a 4 thread parallel computation only takes 9 s and the precision is larger than 90 %
when the proposed automatic segmentation algorithm is used to process the data with a size of 6 mX12 mX 16 m in
the point cloud space. Thus the proposed algorithm can be used for the quick and accurate segmentation of pipeline
point cloud data and has a high application value.
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Fig. 5 Schematic of plane point cloud filtering based

on normal vector constraints
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Fig. 9 Point cloud data in experiment 1
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Fig. 10 Sketch after removal of large planes in experiment 1
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Fig. 11 Segmentation results of pipeline data in experiment 1. (a) Southeast side view; (b) top view
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Fig. 15 Sketch after removal of large planes in experiment 2. (a) Top view; (b) southeast side view

Bl 16 sEoG 2 8 TR B AR,

() T ; (b AT AL (o) AR 7 M LI 5 (D P e 00 400

Fig. 16 Segmentation result of pipeline data in experiment 2. (a) Top view; (b) front view;

(c) southeast side view; (d) southwest side view
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18 SEuG 2 8 Bl o HUSCR B Hevh B 0 DI o3 A A TE R . (o) TR 5 () 7 e L

Fig. 18 Segmentation sketch of pipeline data in experiment 2, where segmented pipeline data are

indicated in white domain. (a) Top view; (b) southeast side view
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No. Sequential Parallel runtime /s
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Table 3 Analysis of segmentation results in experiment 2

Parameter Segmentation result Parameter Segmentation result
Ratio of true positive /% 92.5 Precision ratio /% 94.1
Ratio of false positive /% 5.9 Recall ratio /% 93.9
Ratio of false negative /% 7.5

1104004-8



h | i bl
pan . [6] Rabbani T, van den Heuvel F, Vosselman G.
4 =H = Segmentation of point clouds using smoothness
:Z’E{%ij“ﬁﬁﬁﬁ(ﬁ:ﬁ%ii%%ﬁﬁ% R T constraint [ C ] // International Archives of
WO A 0 T80 17 5 2 B4 4 60 57 2 T L 45 4 3 Photogrammetry, Remote Sensing &. Spatial
o Information Sciences, 2006, 36(5): 248-253.
JE S 4 e B B RN RRCHE i A ), AR SCHR ) AR 7] Su Y T. Bethel J. Hu S W. Octreebased
B IE = B E A 3o VRO BE o B s AT AT segmentation for terrestrial LiDAR point cloud data
AL AT LU AR B 2 e b T T E B B RURK in industrial applications [ J]. ISPRS Journal of
(E@E,ﬂi B T0) B AE B AR i—%ﬁ'%ﬁ? , ZIKI%:({?EI Photogrammetry & Remote Sensing, 2016, 113: 59-
VLR BOROR o A SKPRBLA . i1 T 5277 [8] :(4a.wa%hima K, Kanai S, Date H. As-built modeling
F A AR BT O A Il A B i S L of piping system from terrestrial laser-scanned point
A ASCHR LA (o 268 ], 3 A0 A 7 A [ e B Y ik clouds using normal-based region growing [ ] ].
RV CEIEAEAL B 6 m X 12 mX 16 m Y 2 25 (1] Journal of Computational Design &. Engineering,
MIRRE 4 28 B OF 4 9 B (R O s B B K ik 2014, 1(1) ¢ 13-26.
90 % L | AT SRR M EIRCRES . ASCEYE [ Bk [9] Son H, Kim C. Fully automated as-built 3D pipeline
TR R R R A TR A A e T/ T B segmentation based on curvature computation from
N laser-scanned data [J]. American Society of Civil
ﬁigﬁ\xo Engineers, 2013: 765-772.
5 2 X o [10] Fischler M A, Bolles R C. Random sample
consensus: a paradigm for model fitting with
[1] Cheng X J, Jia D F, Cheng X L, Theory and application to image analysis and automated
technology of processing of massive point cloud data cartography[J]. Communications of the ACM, 1981,
[M]. Shanghai: Tongji University Press, 2014. 24(6): 381-395.
ME, WA, B, WaER s BEn e S [11] Rusu R B. Semantic 3D object maps for everyday
HARIM] . b Rk H Rk, 2014, manipulation in human living environments[J]. KI -
[2] Cheng X J, Cheng X L, Hu M J, et al. Kiinstliche Intelligenz, 2010, 24(4): 345-348.
Buildingsdetection and contour extraction by fusion of [12] Besl PJ, Mckay N D. Method for registration of 3-D
aerial images and LIDAR point cloud [J]. Chinese shapes[C] // Sensor Fusion IV: Control Paradigms
Journal of Lasers, 2016, 43(5): 0514002. and Data Structures, 1992, 1611: 586-607.
A, BN e, S, %F. O mA s AR [13] Rusu R B, Marton Z C, Blodow N, et al. Towards
LIDAR S = MR YW 50 B e )], % 3D point cloud based object maps for household
Y, 2016, 43(5): 0514002. environments[J]. Robotics & Autonomous Systems,
[3] Nguyen A, Le B. 3D point cloud segmentation: A 2008, 56(11): 927-941.
survey[C] //RAM, 2013: 225-230. [14] Yang B S, Dong Z, Liu Y, et al. Computing
[4] Vosselman G, Gorte B G H, Sithole G, et al. multiple aggregation levels and contextual features for
Recognising structure in laser scanner point clouds road facilities recognition using mobile laser scanning
[J1. International Archives of Photogrammetry data [J]. ISPRS Journal of Photogrammetry &
Remote Sensing & Spatial Information Sciences, Remote Sensing, 2017, 126: 180-194.
2004, 46(8): 33-38. [15] Yang Z X, Cheng X J, Li Q, et al. Segmentation of

[5] Chaperon T, Goulette F. Extracting cylinders in full
3D data using a random sampling method and the
image [ C] // Vision Modeling and

Visualization Conference, 2001.

Gaussian

1104004-9

point cloud in tank of plane bulkhead type [J].
Chinese Journal of Lasers, 2017, 44(10): 1010006.
W, B, B, . TR BE S AR
Ay #ErEE]. hEEOE, 2017, 44(10): 1010006.



