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Path Planning for Plant Protection UAVs Based on Improved
Sand Cat Swarm Optimization Algorithm

HAN Tao BAO Meiping HUANG Yourui FENG Xi FAN Yalan
(School of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract; Aiming to meet the operational requirements of agricultural plant protection UAVs and ensure
their flight efficiency and safety, a hybrid improved sand cat swarm optimization ( HISCSO) algorithm
was proposed for UAV path planning. Firstly, a nonlinear control factor was designed to dynamically
balance the transition between algorithmic phases. Secondly, the golden sine strategy was introduced
during the attack phase to enhance the algorithm’s local exploitation capability and accelerate
convergence. Finally, by leveraging the strengths of a smooth exploration strategy, population diversity
was maintained, and the algorithm’s global optimization ability was improved. The performance of the
algorithm was validated by using the CEC2022 benchmark suite. Experimental results showed that
compared with the original algorithm and six other optimizers, HISCSO achieved the best performance on
75% of the test functions. The study formulated a cost function that satisfied multiple operational
constraints and constructs UAV mission environments in hilly areas based on a digital elevation model
map. Across four environments of varying complexity, HISCSO consistently located the globally optimal
route, producing the smoothest and shortest path. Compared with the original algorithm, HISCSO
improved stability by 10.21% , 36.59% , 29.27 % and 46.46% across the four representative
agricultural scenarios, demonstrating that it simultaneously possessed global search capacity and local
smoothness preservation, and thus offered a highly reliable path planning solution for low altitude plant
protection UAV operations.
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Fig. 1 Top view of UAV navigating through obstacle area
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Fig.2 Schematic of UAV’s flight path in 3D space
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Fig.3 Comparison of sensitivity change curves
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Tab.1 Statistical results of eight algorithms running 30 times on CEC2022 test set

PR & H7 WOA STOA HHO BWO NOA GOOSE SCSO HISCSO
Rk 29 316. 14 1430. 81 1 060. 32 32 333.31 31 645. 49 6225.70 3080.75 414.23
" K e 2% 10 563. 38 1198.62 327.73 17131.87  10120.35 5706. 80 2191.63 67. 68
S B 475. 82 443. 42 472.17 2319. 16 1532.68 462.53 438.15 420.17
2 K e 2% 93.42 60. 84 75.93 810. 46 429.79 99.21 30. 85 25.22
S B {1 642. 07 616. 52 649. 81 660. 14 672. 16 655. 08 619. 12 616.27
3 T 24 15.19 8. 82 13.22 9.18 11. 11 10. 53 10. 32 8.90
S 841.27 826. 23 827. 62 853.39 899. 49 845.14 829. 31 825. 47
M K e 2% 16.36 8.29 8.40 6. 86 9.34 19.98 8.23 8.06
S 1569.51 1 .040. 25 1388.57 1746. 55 3037.01 2063.71 1119.32 1033. 60
" F fE 22 412.56 103.23 178.71 99. 51 596. 47 567.63 170. 66 158. 56
) S B { 6765.72 73 620. 21 6402.05  9.66 x10°  2.72x10° 5025.61 4612.15 2785.23
o bt 22 8 623. 04 57 253. 61 3672.51 6.07 x10° 1.96 x 10°  2628.65 2264. 30 1292.99
- ¥ {8 2 066. 31 2039. 53 2074.50 2127.35 2 164.58 2 156.95 2 046. 30 2038.57
7 K o 2 24. 10 12.97 39.59 21.95 31.35 67.27 21. 00 11. 10
S B {1 2238.53 2230.79 2235.68 2273.37 2352.80 2363.96 2227.13 2225.13
e K i 2% 13.92 5.28 14. 04 22.02 84. 94 137.33 5.55 5.18
] S 2 604. 87 2585.87 2 603. 46 2776. 99 2 840.07 2635.16 2594.73 2549.61
" B o 2% 55.23 43.53 38.97 56. 03 101. 21 45.83 37.77 35. 89
M 2757.22 2546.92 2628. 12 2759. 44 2763.59 3016.94 2573.74 2546. 21
Fo Fifie 22 458. 62 180. 08 163. 68 149.30 357.04 563.79 65.23 60. 58
S 3072.50 2915. 89 2908. 48 3 694. 63 50191.92 19 600.77 2871.69 2734.22
i T 25 405. 61 194. 96 227.25 400. 00 8563. 10 24 736. 13 184.17 159. 56
S 2905. 96 2 864. 69 2916.71 3006. 68 3 034. 05 2998. 36 2872.57 2 866. 48
e b ifi 22 37.70 1.38 38.85 68.51 45.50 98. 84 20.73 3.43
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T AT R 8 FhAVA B B AR MERE A SR
Friedman I 180 #E 17 532 M RE HF 17, 7T BL2SSF M X He
AN TR) 502 R M R U/ DR R () R 49 B0 i 25

#* 2 J&/R T HISCSO Bk e 7 Fh Xt Ik 583 7
CEC2022 i pR 2 I i PEREHE 4% o SC 50 5048 o
HISCSO (1 HE4 S F1 2k 24,36, F ¥ HE4 2 2. 03, 78
JA AP B HEA S 1, SRR I R AL T X RS

% 2 Friedman it 25 8

Tab.2 Friedman test results

o B WOA STOA HHO BWO NOA GOOSE SCSO HISCSO
F1 7.06 3.63 2.90 6.97 6.93 3.87 3.20 1.43
F2 4.03 3.80 3.57 7.80 7.20 4.27 3.33 2.00
F3 4.27 1.77 4.37 6.90 7.73 5.90 2.63 2.43
F4 4.23 3.00 3.16 6.53 7.97 5.50 3.10 2.50
F5 4.77 1.87 4.60 6.20 7.83 6.50 2.67 1.57
F6 4.00 5.93 3.77 7.90 7.10 2.77 3.07 1.47
F7 4.30 2.33 4.10 5.97 7.30 7.03 2.57 2.40
F8 4.40 3.27 4.00 6.27 7.27 6.67 2.50 1.63
F9 3.93 3.17 3.77 7.17 7.73 4. 60 3.50 2.13
F10 4.17 3.27 4.50 5.77 5.53 6. 43 3.73 2. 60
F11 4.60 4.33 3.27 6.13 7.67 4.60 3.57 1.83
F12 4.10 1.53 4.93 6.37 7.37 6. 60 2.73 2.37
He4 B 53.86 37.90 46. 94 79. 98 87. 63 64. 74 36. 60 24.36
He 4 B 4.49 3.16 3.91 6.67 7.30 5.40 3.05 2.03
SHE 4 3 5 7 8 6 2 1
3.3 Wilcoxon #f S # & 18 Bk 5 HISCSO Bk HA RSkt RE .

Wilcoxon 5 Bk A 46 & — M AR S BT 56 5
5, BRI T HE 2 Ak AR AH [R) I00 3C e K A R A
Bz IR ORI TR — Ao 1 2T bl ik
PERR I GET W 1, AR SCR AL Wilcoxon £-5 R A6 56
Jrikxt 8 ML BIVEREZE AT 0T o MR R E KR
BN 0.05 YRR KRR A3 p <0. 05, )] HISCSO
FREERENE T0F EL 3R 47 p=0. 05, U] HISCSO 473k
AES TXF LB s B p (BN NANT B RROR 1 LI
RUEG 7 BT X 7 2 R A PERE, I Xt ke

3 4y il Wilcoxon £ 5 BAG S 45 5, Ho ™ +/
=/ = "R TR HISCSO Bk £ M bR £ 1 9 1 fiE
DL 2 T HAE T X B E RO B . I S B B gl T
W, 5 WOA,BWO,NOA FI GOOSE # % H H,
HISCSO & 12 A4~ s 8 b 33 R B e AL 1R RE 5
STOA \HHO FI SCSO # Lt, K#B 731y p {HI /N T
0.05. X F W] HISCSO H L 7E CEC2022 iz ok %k b
P RE 5 X U A e 3 22 S, HE— P IR E T
TESR A AL A ) L B I A

R 3 Wilcoxon HFEHKKER

Tab.3 Wilcoxon signed-rank test results

PR B WOA STOA HHO BWO NOA GOOSE SCSO
F1 1.73 x10°° 2.35x10°° 2.12x10°° 1.73 x10°° 1.73 x10°° 9.32x10°° 1.64 x10°°
F2 5.71 x10 ~* 7.71 x10 ~* 2.61 x10°* 1.73 x10°° 1.73 x10°° 0.01 3.38 x10°°
F3 1.80 x10°° 0.02 8.47 x10 ¢ 1.73 x10 ¢ 1.73 x10°° 1.73 x10°° 0.52
F4 2.61 x10~* 0.75 0.49 1.73 x10°° 1.73 x10°° 3.41 x10°° 8.22x10°*
F5 1.92 x10 ¢ 0.53 7.69 x10 ~° 1.73 x10 ¢ 1.73 x10 ¢ 1.73 x10°° 0.02
F6 9.71 x10°° 1.73 x10°° 6.32x10°° 1.73 x10°° 1.73 x10°° 7.27 x10°° 2.05x107*
F7 8.19x10°° 0.52 3.72x 10°° 1.73 x10°° 1.73 x10 ¢ 1.92x10°° 0.04
F8 1.92x10° 2.88 x10°° 1.73 x10°° 1.92x10°° 1.73 x10°° 1.73 x10°° 2.96 x107?
F9 1.48 x10~* 0.01 5.29 x10 ~* 1.73 x10°° 1.73 x10 ¢ 4.20x10°° 0.01
F10 8.31x107°* 1.85 0.03 2.05x10°* 3.06 x10°* 1.97 x10° 0.80
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