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Research on the path planning strategies for the drone coverage
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Abstract: To address the challenges of reducing observation points and improving path quality under the coverage constraints of
inspecting building complexes with the intelligent drone, this study proposes a two-stage planning framework integrating density-adaptive
clustering and hierarchical energy consumption optimization. Firstly, at the observation point generation stage, a Density-Adaptive
Clustering (DAC) algorithm is proposed based on the triangular mesh model of the building complex, and is further integrated with a
Pareto-front-based multi-objective global optimization strategy considering the viewpoint quantity, coverage redundancy and observation
quality, thereby enabling the efficient observation point generation. Additionally a multi-objective function was constructed for the path
planning stage by jointly considering path length, turning angle, and elevation change. Based on this formulation, an improved Lin-
Kernighan-Helsgaun algorithm incorporating a hierarchical energy consumption model and termed Stratification-LKH ( S-LKH) was
proposed to optimize the traversal sequence of observation points. To validate the superiority of the proposed method, the simulation

experiments were conducted on the building models of two different scales. For the Lufu building complex, the number of viewpoints was
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reduced by 45.10% , 14.07% , and 27.78% compared to the voxel-expansion with random-key genetic algorithm, the two-stage

optimization method, and the fuzzy clustering method, respectively. The proposed S-LKH algorithm also reduced the objective function
values of 14.70% , 6.86% , 15.30% , 20.89% , and 13.82% compared with the LKH solver, variable-strategy reinforced algorithm,

grey wolf-differential evolution hybrid algorithm, multi-strategy fusion differential evolution, and spherical vector-based particle swarm

optimization, respectively. In terms of path features, the maximum turning angle and altitude change are decreased by up to 11. 68% and

52.84% , while the average turning angle and altitude change are decreased by up to 10.08% and 22. 82%. Finally, the simulation

experiments and field flight tests further validate the effectiveness and engineering feasibility of the proposed method.

Keywords : coverage path planning strategy; unmanned aerial vehicle; density-adaptive clustering; hierarchical energy consumption

model; LKH algorithm
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Fig. 5 The selected building objects by this study
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Table 1 Building scale and dimensions (m)

P E PN RSk SRt EEHRE
SRR K 85.6 212.7
JEHB IR FE I 60. 5 116.2

ARG 38x22x73 38x38x354

S SR FH A9 1% 25 B AR (Lenovo ) ¥R ¥4 R9000P
2023  AbFHER A AMD BiJE 9 7945HX (16 #%.05/32 2672,
2.5/5.4 GHz) , i+ & RTX4060, Windows11 (64 i ) #:1E
R A ELE PyCharm Community Edition 2024.2.0. 1 3
R AT,

®2 MBEEXSH

Table 2 Camera-related parameters

EA BiEZH
S 1 920x1 080 pixels
HFOV 75°
VFOV 60°
DFOV 83. 8°
& 30 fps
A LB B 0.7~40 m
T AT A4 B AL 8~20 m
T T LG R/ N DX (WX H ) 11.02x9. 23
TR T 5 K X B8R (WxH) 27.56%23. 08

RIA TR B, G

BN
(R J (515 lux, % 4 H G IE 3 TS ERES )

R 4R B SRR 2 SRS RO 28 0 WAL B )
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KSR 3 PR,

(b) = A P AL

(b) Triangular mesh model

(a) Bk

(a) Point cloud image
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Fig. 7 The pre-processing related models of Innovation building
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(a) Point cloud image
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Fig. 8 The pre-processing related models of Lufu building

(b) = WAL A

(b) Triangular mesh model

KT AN T o BRI 5 S WEVE S BT, 75196 L B
R ER (FHR>95% ) B, 4 e e [0.1,0.9] #4700
R WE 9 FR) . SEEW o 7E[0.5,0. 7] X a5
AER BN AT 2 o < 0.4 B, Bem 2 g S8R



%3 HFOERRE A T ) A SRR A AGE 9 JC A ML 25 B A2 R K0 SR M A 5 149
*3 HESH
Table 3 Relevant parameters —
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i §m || Ay 0.3 @2 0.270 || Ay 25 m (a) In(sz)leijt?jnji{%ding (b)(&fif ﬁiﬁing
T 20m AR 10m ] S 36 B0 81 FE AR
B 30° m 7.05kg || Cp 0-8 Fig. 10  Density-adaptive clustering effect diagram
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Fig. 9 The sensitivity analysis of balance factor a
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Schematic diagram of observation point generation
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Table 4 Comparison of the number of observation

points generated

AT Ik RIHTRE det+
TRFIZAK 5 HE DL AL Sk 306 734
P B 5 12 182 469
RO SR 25 12 231 558
ES'@ 37N 167 403
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(a) S-LKHEK (b) LKHE
(a) S-LKH algorithm (b) LKH algorithm

(c) VSR-LKHE: (d) GWO-DEX
(c) VSR-LKH algorithm (d) GWO-DE algorithm

i

(e) MSF-DE&.¥: (f) SPSOH
(e) MSF-DE algorithm (f) SPSO algorithm

B2 SRR MR TSR (BT R

Fig. 12 Visualization results of each algorithm’s path planning ( Innovation building)

2

= Ny
K

PSSR
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(a) S-LKH algorithm (b) LKH algorithm
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(¢) VSR-LKH algorithm (d) GWO-DE algorithm
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(e) MSF-DE algorithm (f) SPSO algorithm
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Fig. 13 Visualization results of each algorithm’s path planning ( Lufu building)
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Iteration curve of each algorithm’s path planning

(Innovation building)

30000
3 - - -MSF-DE
- -~ GWO-DE
25000 ! —-—-LKH
i -~ VSR-LKH
e SPSO
20000 ! S-LKH
~ B 7000
15000 1\: ~ 6 000F"
) .-
H 200020 360 400
10000 - . .
Py BARK
5000 £
R
K15 AAEEAR IR O~ L)
Fig. 15 Tteration curve of each algorithm’s path planning

(Lufu building)
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I T 3 FHLA ANBAE RS ( robot operating system,
ROS) (14 R EL A B ( AR K B SR A A f61))
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Table 5 The path planning performance comparison of various algorithms

iR RILA R J D/m 0;(max) /(°) 0, /(%) hy(max) /m h; /m t/s
S-LKH 1 039.76 1933.18 148. 97 67.50 15. 94 5.52 106. 69
LKH 1 106. 29 1 985. 35 147. 64 68. 07 22.54 6.94 71.22
Bl RE VSR-LKH 1 083. 50 1 962. 90 163. 12 66. 75 21.43 6.73 127. 48
SR GWO-DE 1 165. 48 2 115.41 154. 09 72. 14 20. 89 7.54 271. 14
MSF-DE 1169. 42 2 079.02 154. 13 64.93 26. 00 7.93 368. 85
SPSO 1 139.02 2 020.47 148. 86 61.96 36.52 7.74 529.01
S-LKH 5 253. 62 9 638. 30 149. 23 67.89 41.31 12. 82 159. 01
LKH 6 159. 31 11 213.22 145. 63 75.50 81. 04 14. 56 101. 47
SefE VSR-LKH 5613.81 10 794. 04 164. 93 68.11 79. 08 15.22 194. 98
Uk GWO-DE 6 202. 57 11 561. 16 166. 47 69.59 85.26 16. 05 595.13
MSF-DE 6 641.27 12 382. 85 168. 96 70.91 87.59 16. 61 754. 16
SPSO 6 095. 87 11 720. 90 149. 93 74.92 67.42 14.42 614. 82

TE: R4 ) FOR BARREUH, D FoR BRI, 6, (max) IR AR T WLEE o TB) 10y die % 1) ) BE L 6, 7R AR 1 UL 2% TR 1) 1 2 e o 1 2,

hy(max) K7 AR b WUEE 0] B R TR 85 32y 7R B b IUEE s (] Y S TR B JEE o SRR VRIS ATIN ]
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Fig. 16  Typhoon H480 unmanned aerial vehicle
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(b) XY plane projection
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(d) XZ plane projection
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Fig. 17 Comparison between the path planning and simulated
flight trajectories
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(a) Inspection schematic diagram
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Fig. 18 Schematic diagram of simulated flight
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Fig. 19 On-site verification of equipment
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20 55 21 il 22 AU L B HOu Iz
Fig.20 The 21st and 22nd observation points and their corresponding photographs

55 90 A1 91 AL i K FLXH I A
Fig.21 The 90th and 91st observation points and their corresponding photographs

-

22 4593 1 37 WL s K H R IR A

Fig. 22 The 93rd and 37th observation points and their corresponding photographs

P23 55 35 1 36 M WLEE R B HO I IR A
Fig. 23 The 35th and 36th observation points and their corresponding photographs

P24 55 38 I 47 ASWLEE i S H R
Fig. 24 The 38th and 47th observation points and their corresponding photographs

B25 55 49 FI 50 LGS s BCHXT I R A
Fig. 25 The 49th and 50th observation points and their corresponding photographs
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