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UAYV Bridge Laser Scanning Path Planning Based on Coverage
Path Arcs

Liu Chunlei, Zhang Hongli®, Wang Cong
College of Electrical Engineering, Xinjiang University, Urumqi, Xinjiang 830047, China

Abstract Aiming at the problem of coverage path planning of bridge laser scanning inspection, a general model of
large-scale bridge inspection coverage path planning based on point cloud slices is proposed in this work, which
provides a new idea for bridge coverage path planning by multi-UAV systems. First, we add supplementary
viewpoints to the point cloud slice modeling method to solve the problem of incomplete coverage of the point cloud
slice model, then we convert the convex hull set and supplementary viewpoints into three-dimensional arc sets, and
we use arcs as the minimum optimization object to solve the problem of huge search space for large-scale building
traversal. Second, we combine the SC-CBBA (split and combine-consensus based bundle algorithm) and CRSOM
(clustering characteristic of cluster growing ring self-organizing map) algorithm to realize the assignment of multi-
UAV tasks and check the arc sequence planning of inspection path. Finally, simulations verify that this method can
effectively solve the problem of bridge coverage path planning.
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Fig. 1 Modeling and defects of point cloud slice model. (a) Slicing; (b) intersection; (c¢) clustering and convex hull
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Fig. 2 Screening of additional view points
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Fig. 3 Viewpoint transformation arc set
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Fig. 5 Modeling results of covering path arc model. (a) Point cloud slice modeling; (b) adding supplementary arc
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Table 1

Statistical table of modeling comparison experiment

Covered path arc model

Unit decomposition model

Sensor
range /m Modeling Search Coverage Modeling Search Coverage
time /s complexity rate /% time /s complexity rate /%
D=3 71.748 3311/2 100 670.976 39821/2 100
D=4 44,674 2531/2 100 253.521 21481/2 100
D=5 40. 526 2051/2 100 130. 547 13211/2 100
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Fig. 6 Unit decomposition model modeling results. (a) Viewpoint; (b) Viewpoint pathway
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Fig. 7 Task assignment results. (a) N=3; (b) N=4; (¢) N=5; (d) N=6
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Fig. 9 CRSOM planning results. (a) att48; (b) eill01; (c¢) chl50; (d) d198; (e) rand200; (f) gil262; (g) a280;
(h) 1in318; (i) peb442

0828003-8



$£58%5 £ 8HI/2021 £4 A/BAEREFFHE

kAt 8, 18 10 W] LA, CRSOM 5895 5K fig RSO 3R BA B a2 S T GTSP |y
FO R B A2 LT A S ki AE ST K BT OoRi

60

40

200

B 10 MBI RLER ., (&) N=3;(b) N=4;(c) N=5;(d) N=6
Fig. 10 Planning path results. (a) N=3; (b) N=4; (¢) N=5; (d) N=6
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B (GA) BT BEE 1 (PSO) FIRURE B 1 (ACO) BUNIE LS 0 SO0 A, SRR 25 R X 2
HEAT X EE o R PRIE S5 0 R SR L EAT 20 IRSERE R TR AR A I P A A T 3 ] T Ak 3R AR 5 S5
BB IR B, LB SIE CRSOM f# k- GTSP BRARHLRIAE 55,

F# 2 CRSOM FFFR % 845 1
Table 2 Experimental results of CRSOM Monte Carlo

CRSOM GA ACO PSO

Ratio of Ratio of Ratio of Ratio of

Data sets Optimization difference  Optimization difference  Optimization difference  Optimization difference

time /s to optimal time /s to optimal time /s to optimal time /s to optimal

value /% value /% value /% value /%

attd§ 0.253 0. 058000 4. 687 0.075211 18. 662 0.045893 16. 167 0. 120052
eil101 0.439 0.056214 10. 719 0.093546 53. 281 0.116037 43.234 0.102549
ch150 1.072 0.046320 16. 652 0.125231 88. 261 0.042151 100. 561 0.186523
d198 1. 468 0.061089 22.658 0.118900 142. 869 0.051575 116. 635 0. 143790
rand200 2.031 0. 043950 21.462 0.162420 142. 373 0.099392 115. 258 0.215457
gil262 2.438 0.070638 78.107 0. 321450 239. 882 0.100234 268. 101 0.209810
a280 1.911 0. 118066 82. 157 0.312690 259. 315 0. 122540 251.527 0.138931
lin318 3.203 0. 055971 25.362 0.871511 291. 866 0.094059 447.075 0.274100
pcb442 6. 589 0.110984 16.423 0. 892595 569. 625 0.154351 600. 043 0. 335440
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Fig. 11 Relationship between number of agents and task

completion time of system
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