LIS

ik Sk

Ll

ELECTRONIC MEASUREMENT TECHNOLOGY

B o R F4TH H 15 H)

2024 4 8 H

DOI:10. 19651/j. cnki. emt. 2416358

v

T 240 05 000 0 0 B2 5% ) B A LA i 90

Mx® % %
(BFRFEIRXFAHLFR & F 210044)

E:
=

1% s BT IR O Ak B (DBO) A AE 2 R IR R B I AN B V55 5 B A R B sne It » B0 B AL = 48 A 5 90300 RO AN AR 1
[ R, B 1 T — i O Y e MR R AL B30 (EDBO) o 8 48, DA ffl 5 156 M5 i 20 vl S0 43 s — ol 5 B IR 30 il A JEUARRL Y 450l
SR L MO T ) R R R s LR (0 R U 40 SR, IR) S 5 Y K S R AT A O T e L R T B R R R
FHR B2 IR0 A8 ) 5 35, B Beta 43405 sl 25 B2 [l 2% 2] 5% Wi 5 D)y M08 8 O 47 9 Ak . M PR BRVE S 4 PO AR SRk
577 AN =G BRI 3T O A5 R L 78 3 35 F . EDBO AT LU Fa G 59 A4 AR R B0 (8 3 /0N 04 55 . 7 2
&M bR BB AR F IR 4 DBO 5523540 BI04 T 9. 8% ,10. 4%6,16. 5%,

FKEEIW : TC AN R 5 6 W OE Ak 5325 5 Bh A R 1l 24 2]

FESHES: V249; TNI6 XEkARIRED: A ERRAEZRSERG: 520.1040

UAY trajectory planning based on enhanced dung beetle
optimization algorithm

Li Tao

(School of Automation, Nanjing University of Information Engineering, Nanjing 210044, China)

Liu Wengiang

Abstract: Aiming at the problem that the dung beetle optimization algorithm (DBO) has insufficient global exploration
ability and easily falls into the local optimum, resulting in poor UAV 3D trajectory planning, an improved dung beetle
optimization algorithm (EDBO) is designed. Firstly, a leader dung beetle group incorporating the idea of a grey wolf
leader group is divided from the stealing dung beetle population to enhance the diversity and robustness of the
algorithm; secondly, a population switching strategy is used, where the behaviour of dung beetle individuals with the
same number is no longer fixed to improve the algorithm's ability of global exploration and local mining; and lastly, a
Beta-distributed dynamic inverse learning strategy is used to help dung beetles to evolve better. The proposed algorithm
is compared with 4 optimization algorithms for UAV 3D trajectory planning, and the simulation results show that
EDBO can generate trajectories with smaller cost function values more stably in the 3 scenarios, and the average cost

function values are reduced by 9. 8%, 10.4% , and 16. 5% compared to the original DBO algorithm, respectively.
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Table 3 Threat model parameter settings

R g X /m U DR B AR AR/ m

(200,400) (100,40)
(300,200) (150,55)
g 1 (400,500) (150,50)
(500,350) (200,50)
(600,700) (150,50)
(700,400) (200,45)
(200,200) (150,50)
b5 2 (300,500) (100,40)
(500,300) (200,55)
(600,600) (200,55)
(100,200) (150,30)
(200,100) (100,20)
(300,300) (100,40)
(300,500) (200,30)
Y53 (400,150) (100,30)
(550,300) (150,50)
(500,500) (100,60)
(700,600) (200,30)
(600,700) (150,30)
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Fig.4 Comparison results and convergence curves of 5

algorithms for path planning in scene 1
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Fig.5 Comparison results and convergence curves of 5

algorithms for path planning in scene 2
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(c) Convergence diagrams for the 5 algorithms
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Fig. 6 Comparison results and convergence curves of 5

algorithms for path planning in scene 3
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Table 4 Statistical results of the trajectory planning experiment

Hh1# Bk Ik EHE wAAE T E T ffE 2% BATHE] /s
DBO 295. 357 223. 208 248. 004 18. 090 2. 661
IPSO 287. 236 218.719 237.531 13.039 3.035
i 1 MDBO 269. 548 213. 670 227.298 10. 226 10. 379
LVSCSO 285. 943 219. 308 239. 560 14. 774 3. 987
EDBO 244.563 210. 065 223.798 5. 665 3.213
DBO 316. 704 242.712 265.910 19. 270 2.276
IPSO 292. 649 236. 542 257.142 16. 047 2. 437
Y 2 MDBO 275. 201 226. 603 250. 478 10. 415 12. 683
LVSCSO 303. 767 228. 737 258. 140 17. 421 3.314
EDBO 254.778 222. 002 240. 953 6.743 2.749
DBO 331. 297 247. 814 285. 261 23.419 3.345
IPSO 329. 337 226. 801 269. 372 18. 350 4. 045
Y 3 MDBO 285. 493 230. 560 258. 089 12. 254 14. 438
LVSCSO 324. 892 244. 261 274. 251 19. 174 4. 896
EDBO 264. 456 222.221 244. 825 8.213 4.533

o« 7] o



5 AT & v F o

T # K

5% e M5 O Ak 51 (DBO) R EE 2 R R R e 1A 2 V5
5 b A Jmy 3 e A0 B = 4 A 300 A0 400 R AS 43 55 R R, 1
T 7 — i 0 B9 MR AL AL BB CEDBO) . M ffi 5 895 06 A
R 3t — ol Rl S DAR SRl A SELABL R 4l 0 RS B L 5 T
SRV 1 22 R M N B 5 0 T R D) e 3R L ST R AN TR
TPURE M 6 22 [A] A I 3R L B2 80 T B0k 2 R R ORI R 42 4 Rk
I 55 R IE T Beta 4340 09 8 248 I [n) 2% 2 SR W, ifF — 2F
fE TR R R EE 1. it 5 R4S DBO 5k
DL K 3 A8t DBO A SCHR 330 32 76 W0 34 R 5 L i X L, 3
IET EDBO B3k 300k &M E A T — it s, It
BAHB T X SO B — R NAEEARRIG 5 F XA
ML= ZEf sl FL R 5235 v 5 3 A4S W T I8 ML A2 A4 1
SCHR SR AT % b IR SE T 0 B BE A T R A R
G b B LS AN SR A
S & 0 k
(1] WEZE WA 2R, F. B T % B I 4
PR DAl 1) T AN AL S BRI LT . A 2% A R 2% 4, 2021,
42(1) :257-266.
ZHANG H H, GAN X SH, LI SH F, et al. UAV
route planning considering regional risk assessment
under complex low altitude environment[J]. Chinese
Journal of Scientific Instrument,2021,42(1) :257-266.
(2] Z2m, RTAZ=WIE. MKE AN A 3 kA kLR
WL, e 5 #H . 2021,28(8) : 59-64.
LIANT,WUD]J,LICH L. A survey on autonomous
collision avoidance algorithms for UAVs at low
altitude [ J ]. Electronics Optics &. Control, 2021,
28(8) :59-64.
[3] ety T 2,564, TR FHSHMMAN O-
VMD $ 4 Ak B 5 15 0F 5 [T . ALAS AL 3R 7 4, 2023,
44(4) :304-313.
XING Y H, YU H, ZHANG ], et al.
the O-VMD thickness measurement data processing

Research on

method based on particle swarm optimization [ ] ].

Chinese Journal of Scientific Instrument, 2023,
44(4) :304-313.

(4] R#¥EF. L ALUE, % T SWTISSA-LSTM 1
b Ak s A e O A LT ). [ A I R, 2023,
42(7) :164-174.
ZHU J X, GU W, REN M Y, et al. Modeling of
subway air quality prediction based on SWT-ISA-
LSTM [ J ]. Foreign Electronic
Technology, 2023,42(7) :164-174.

[5] SEYYEDABBASI A, KIANI F. Sand cat

A nature-inspired algorithm to solve

Measurement

swarm
optimization:
global optimization problems [ J]. Engineering with
Computers, 2022, 39(4). 2627-2651.

(61  ERE.wIMG BRAT, % B TRk AL =
A RN ], 52 T2 4R ,2023,44(11) :3382-3393.
WANG K,SI P,CHEN L,et al. 3D path planning of

unmanned aerial vehicle based on enhanced sand cat

o« T2 o

swarm optimization algorithm [J]. Acta Armamentarii,
2023,44(11):3382-3393.
(7] esplE, BOET, FROG, &, 3T ot b 7B %0
WEFETC AL = HEATE M RILT]. €AT J1 %%, 2022,40(5)
47-52.
XIN SH T, ZHAO G Y, WANG X G. et al. 3D
trajectory planning of rotor UAV based on improved
PSO algorithm [ ]J]. Flight Dynamics, 2022, 40 (5):
47-52.
(8] W# Wi, ZERIE, 5. BTk TR R0 =2
FEAR AR A S LT ). B i 4 R, 2023, 46 (12)
92-97.
YANG J,LU AN J,PENG X SH.et al. Research on
3D path planning based on improved particle swarm
optimization[ ] |. Electronic Measurement Technology,
2023,46(12):92-97.
[9] XUE ] K, SHEN B. Dung beetle optimizer: A new
meta-heuristic algorithm for global optimization[]].
The Journal 2023, 79 (7).
7305-7336.
HU T Y, ZHANG H, ZHOU ] T. Prediction of the
debonding failure of beams strengthened with FRP

of Supercomputing,
[10]

through machine learning models [ J]. Buildings,
2023, 13(3):608.

Wi, b JLsE. BT e A Bk I ik 19 DV-Hop & fi7
REEL ] A7 I SRR AR, 2023, 37(T) : 3341,
PAN ZH Y.BU F L. DV-Hop localization algorithm

optimized based on dung beetle

[11]

optimizer [ J .
Electronic Measurement and Instrumentation, 2023,
37(7): 33-41.

ZHANG R Z, ZHU Y ]. Predicting the mechanical
properties of heat-treated woods using optimization-
algorithm-based BPNN[J]. Forests, 2023, 14(5):935.
WSR2 0 B, TG L A5 Stk DE 5% Bk 51 5 0 M U
BT AL T AR 5 8 . 2023, 59(22) - 92-110.
PAN J CH, LI SH B, ZHOU P, et al. Dung beetle
optimization algorithm guided by
algorithm [ J J. Computer
Applications,2023.,59(22) :92-110.
HIE A WA W R BK 45 FL T etk wEWE A Ak 5Tk 1
T ey Y AR Y £ B U7 vk LT DL I AU BT S R MR,
2023,30(4) :86-97.

DONG Y H,YU ZH CH,HU T Y.,et al. Inversion of
rayleigh wave dispersion curve based on improved
dung beetle optimizer algorithm [ J ]. Petroleum
Geology and Recovery Efficiency,2023,30(4) :86-97.
SHEN Q W, ZHANG D, XIE M SH, et al. Multi-

strategy enhanced dung beetle optimizer and its application

(12]

[13]

improved sine

Engineering  and

[14]

[15]

in three-dimensional UAV path planning[J]. Symmetry,
2023, 15(7):1432.
EEE N
bl e o v SR X vl 61 B 0= 7 L 5
SRR
E-mail: 1553083643@qq. com
EFE AR, HLERW, REMRITMAELERS
P bl B B 7 P R R A
E-mail: litaojia@163. com



