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Extraction of Structure Line Segments from Point Clouds Using
Voxel-Based Region Growing

Li Minglei, Zong Wenpeng, Li Guangyun, Wang Li
School of Navigation & Aerospace Engineering, Information Engineering University,
Zhengzhow , Henan 450001, China

Abstract Aiming at the problems remaining in existing extraction method of structure line segment such as low
efficiency and reliability, an efficient extraction method for structure line segments from point clouds through
voxel-based region growing is proposed. Firstly, point cloud is voxelized and segmented, and the distributing
regions of structure line segments are recognized through voxel-based nearest neighbors searching. Then, the
distributing regions of structure line segments are segmented through voxel-based region growing. Finally,
corresponding line segments are extracted and optimized in these segmented regions according to the equations of
their supporting planes, and the accuracy of the results are assessed. The test experiments are performed, and the
feasibility, accuracy and efficiency of the proposed method are verified by obtaining the processing and comparison
results of adopted point clouds. The experimental results indicate that the efficiency is increased more than 10 times
and the accuracy is improved about 0.25 times, which verifies that the proposed method has high accuracy and
efficiency as well as the ability of achieving relatively more ideal results.
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Fig. 1 Procedure of the proposed method. (a) Original point cloud; (b) voxelization; (c¢) plane segmentation;

(d) recognition of potential support voxels; (e) segmentation of support regions;

() extraction of three-dimensional structure line segments and refinement; (g) algorithm flow chart
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Fig. 2 Sketch map for the relationship among intersection angle, voxel size and fitting

standard deviation value of two neighbor coplanar voxels
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Fig. 3 Recognition of potential support voxels. (a) Global structure of octree voxels;

(b) distribution of non-edge and non-edge adjacent voxels which are shown in red;

(¢) potential support voxels which are shown in red
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Fig. 4 Extraction of support regions using voxel-based region growing. (a) Statistics of plane distribution in the

neighbor voxels (which are shown in blue) of the seed voxel (which is shown in red) and proceeding of

initial region growing (in which the dash lines represent the border of the support region) ;

(b) region growing from the seed voxels (in which the initial seed is in green, the new seeds are in red and

the neighbor voxels of the new seeds are in blue, while the red arrows indicate the growing directions) ;

(¢) extracted support regions of the sample data (which are marked in red in the figure above

and in different colors in the figure below)
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Fig. 5 Overlap display of fitting plane and original

AIR 2, HELBM TR, fE=4E [,
— SR HZ MR T R R A e R A A
A7 A R R R W (2) RBTR  BAR B A
HARMIEIE & 6 () TR, 2Bt A N 3CHF1H O,
O I R B T Kt ny FH O o Al
O non MIAMNLFIR

AUR 3, N S A T A B A f K R
AN R ST 2 B ) i A T SRR T A S
XSS AR LR B BB g Y, i SR B
J7 1] b 4% S AE foe KRS/ SR X L 8] 6 (b

@

\
Y A

Pe,left

Pe,right
6 ek B 5 H LRI, () G5 LB AR e s
(b) A7 DX B2 19 2% B 4505030 B (0 0 DXl Oy e 46 3 P S 49 X

Fig. 6 Structure line and its support regions. (a) Definition of corresponding parameters of structure line;
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Fig. 7 Refinement of structure line segments. (a) Before refinement; (b) after refinement
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Table 1 Information of experimental data

Data information  Datal Data2 Data3 Data4 Datab

Data volume /10° 13.8 13.1 32.8 4.7 100.0

Point interval /em  3.79 1.74 0.78 2.37 1.24
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Fig. 8 Segmentation result of Datal (different planes are shown in different color). (a) Datal and its local feature;

(b) segmentation result of OB method; (c¢) segmentation result of the proposed method
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Fig. 9 Extraction results of structure line segments. (a) Data2; (b) Data3; (c¢) Data4; (d) Data5;
(e) extraction result of Data2; (f) extraction result of Data3; (g) extraction result of Data4;

(h) extraction result of Datab
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Table 2 Comparison of experimental results of Table 3 Processing results of experimental data
planer segmentation
. . Data information Data2 Data3  Data4  Data5
Item Time cost /s Plane number Precision Recall
OB 35.6 933 86.2 84.7 Plane number 5293 7168 5111 3383
Proposed e s
p 18.8 1029 98.9 98.2 Line segment number 6841 9522 3568 8707
method

Time cost for plane

M*g{\ %T%ﬂ cati / 50.9 51.9 27.9 208.6
segmen ation S
1) 7835 A B8 v 0 5 75 47 e S K% 40 10 OF T | |
SYE], P L R L B AR W LR B g Lme cost for line o4 74 40 283

segment extraction /s
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Fig. 10 Comparision of structure line segment extracting results of Data4. (a) Original test data;

(b) plane segmentation result of RANSAC algorithm; (c¢) plane segmentation result of the proposed method;

(d) extraction result of RPB algorithm; (e) extraction result of VPB algorithm;

() extraction result of the proposed method (the support regions are hidden for comparision)
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Table 4 Efficiency and accuracy comparison of the algorithms

Threshold Time cost /s o, /cm
Plane
Ttem B Point-line b Line Before After
dy/m 0w /() number - Segmentation Total
distance /m extraction centralization  centralization

RPB 0.01 25.0 10X0B+0 888 38.8 23.1 61.9 1.45 —

VPB — — 10X d g 151.6 179.5 2.03 —
Proposed 5111 27.9

— — — 4.0 31.9 1.87 1.43

method
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