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Power line suspension point location method based on laser point cloud

SHI Hongyun', GUO Tao', WANG Di’, WANG Shichun', ZHAO Jian®, LIU Xin', LONG Xin®
(1. Transmission Operation and Maintenance Branch, Guizhou Power Grid Co. Ltd. , Guiyang 550000, China; 2. Guizhou Elec-
tric Power Design & Research Institute, Construction Group Corporation of China, Guiyang 550000, China)

Abstract: In order to solve the problems of low robustness and inaccurate location of power line suspension point location
methods, a power line suspension point location method based on laser point cloud combined with local 3-D reconstruction and
iterative search was used to study the location of power line suspension point. The spatial characteristics of power line point
clouds were analyzed and the spatial constraints of power lines were deduced, which is used as a growth criterion for region growth
based on spatial constraints to realize single power line segmentation across multiple stages. Then, the center point of the tower
was extracted by clustering the point cloud of the tower, and the spatial segmentation plane of each power line was delineated on
the basis of the angular bisector of the connection line of the center point of the tower. After that, the spatial polynomial local
3-D reconstruction of the power line point cloud near each segmentation plane was carried out; Finally, combined with the
iterative search of the segmentation plane, the intersection point of the power line was reconstructed, and the spatial location of
the power line suspension point was realized. The results show that for three kinds of voltage grade line point clouds and two kinds
of data quality point clouds, the average location deviation is less than 0. 09m, and the minimum deviation is 0. 03m. This
method has high robustness and can accurately locate the power line suspension point in each voltage level and mass point cloud
data with high robustness and accuracy, which provides a basis for the subsequent safety analysis of power line simulation based
on the suspension point.

Key words: laser technique; power line suspension point; spatial constraint; region growth; spatial segmentation plane;

local 3-D reconstruction; iterative search
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Fig. 1  Schematic diagram of point cloud elevation difference in different

layers of power lines
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Fig.2 Schematic diagram of the distance from point to line of different lines

in the same layer
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Table 1 ~ Spatial constraints of power line point cloud
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number system condition expression
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Fig.3 Spanning multiple power line source point clouds ( there are missing

point clouds in the middle of the power line and missing point clouds

near the suspension point)

results of single power
line segmentation in
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Fig.4  Schematic diagram of segmentation results across multiple power

lines
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Fig.5 Schematic diagram of tower positioning and angle bisector
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Fig. 6 Tower point cloud and space division plane ( green as the dividing
plane)
a—twer point cloud b—dividing plane based on the angular bisec-

tor of the tower connection
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Fig.7 Results of suspension point location under the condition of complete
and missing ( misclassification) of power line point cloud at suspen-

sion point
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Table 2 Test line information

line serial number

1 2 3

voltage level/kV 110 220 500

line length/km 2.56 1.16 4.88
number of power lines 6 5 4
number of towers 9 4 14
number of suspension points 54 20 56
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Fig.9 Location result of power line suspension point( the red point in the

figure is the power line suspension point that is located)

Fig.8 Test line point cloud data

a—positioning results of suspension point of a 110kV line b—po-
a—a 110kV line point cloud data b—a 220kV line point cloud data c¢—a
500kV line point cloud data

sitioning results of suspension point of a 220kV line ¢—positioning

results of suspension point of a 500kV line
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Table 3 Analysis of test results

line serial voltage maximum positioning minimum positioning average positioning deviation/m
number level/kV deviation/m deviation/m Ax Ay Az whole
1 110 0.12 0.03 0.07 0.07 0.05 0.063
2 220 0.16 0.04 0.07 0.06 0.07 0.067
3 500 0.21 0.05 0.09 0.09 0.08 0.087
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Table 4  Robustness comparison of positioning methods

data type method 1/m method 2/m  this paper method/m
1 0.51 0.31 0.06
2 2.14 1.85 0.07
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Table 5 Comparison of the accuz%’%f%é%mnjg&mc Z)%‘{f‘l‘]_iz%ﬁ H 3N BRI

positioning deviation/m

suspension actual position/m

point method one method two this paper method
x y z Ax Ay Az Ax Ay Az Ax Ay Az
1 722634 2954542.25 1147.82 0.49 0.41 0.45 0.29 0.31 0.39 0.07 0.04 0.05
2 722646.38 2954562 1147.82 0.55 0.45 0.56 0.34 0.35 0.35 0.05 0.06 0.05
3 722634.11 2954542.19 1164.35 0.57 0.52 0.51 0.39 0.41 0.34 0.06 0.05 0.07
4 722646.31 2954562. 05 1164.34 0.37 0.48 0.45 0.32 0.45 0.46 0.05 0.07 0.06
5 722633.94 2954542.22 1174.44 2.1 1.98 2.09 1.98 1.81 1.94 0.08 0.07 0.06
6 722646.4 2954562. 19 1174.42 0.42 0.5 0.48 0.49 0.51 0.41 0.04 0.06 0.06
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