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Genetic algorithm-based trajectory planning for
unmanned aerial vehicle pesticide spraying

ZHAO Yue, LI Yanfeng

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

[ Abstract] A genetic algorithm—based path planning method for unmanned aerial vehicles (UAVs) in plant protection is proposed
to address the problem of multi—block path planning for pesticide spraying. Firstly, several feasible operation paths within the
region, inter—regional scheduling paths, and the land parcel are transformed into virtual nodes or arcs in a super network. Then, a
traveling salesman problem ( TSP) model is established based on the UAV multi - regional coverage path planning problem.
Subsequently, a genetic algorithm is employed with sub-path exchange crossover and 2—opt mutation operations, along with the
application of variable neighborhood descent (VND) operator in each iteration, to further improve the solution with high efficiency
and accuracy. Finally, two different region scale cases are solved using Matlab software to verify the feasibility of the proposed
method and obtain the optimal spraying path for the UAV. This study demonstrates the potential application of UAVs in the field of
agricultural automation and optimization, providing a promising approach for improving the efficiency and effectiveness of UAV -
based pesticide spraying operations.
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Tab. 1 Coordinates of boundary points and midpoints of each block

X3 i 5 IR g AR/ m Mo g AL bR/ m

A (15,65),(15,95),(40,65),(40,95) (27.5,80)

B (90,90),(90,110),(120,90),(120,110) (105,100)

C (65,45),(65,70),(90,45),(90,70) (77.5,57.5)

D (115,55),(115,70),(155,55),(155,70) (135,62.5)

E (10,15),(10,40),(50,15),(50,40) (30,27.5)

F (110,5),(110,30),(130,5),(130,30) (120,17.5)

F2 HRS0XIZHER
Tab. 2 The experimental results after 50 iterations
[E=R/ €4 X3 KT PEES AR AR Rl mME %

1 A-C-B-D-F-E 6-3-6-1-7-2 958.64 11 958.64 935.15 75.195
2 A-B-D-F-C-E 6-6-1-7-2-2 935.15 16
3 E-C-F-D-B-4 3-3-5-4-8-7 935.15 13
4 E-B-D-F-C-4A 3-6-1-7-4-7 953.11 34
5 E-C-D-F-B-4 3-3-1-7-3-7 948.95 10
6 E-C-F-D-B-4 3-3-5-4-8-7 935.15 12
7 E-C-D-F-B-4A 3-3-1-7-3-7 948.95
8 A-B-F-D-C-E 6-1-5-4-2-2 948.95
9 A-C-F-D-B-E 6-1-5-4-8-2 953.11 8
10 A-B-D-F-C-E 6-6-1-7-2-2 935.15 23
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Fig. 4 The evolutionary process diagram for 50 iterations
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Tab. 4 The experimental results after 100 iterations

DB DX 5T LTS WpRtE  &/ME i
1 19-16-11-9-12-10-8-6-15-17-3—- 7-8-3-3-5-4-3-3-3-6-2-7-3-8-2-5-7- 3 496.8
5-14-2-1-7-20-13-18-4 6-4-6
2 11-12-10-8-9-19-16-20-13-18-7- 1-5-4-8-2-8-7-4-6-4-1- 3 550.13
5-3-6-15-17-14-2-1-4 3-1-5-3-3-4-8-2-1
3 19-7-16-20-13-18-1-4-2-14-5-3- 4-4-7-4-6-4-6-5-4-2-5- 3 364.44
17-15-6-8-10-12-9-11 3-8-1-2-1-1-7-4-7
4 19-11-9-12-10-8-6-15-17-3-5- 2-3-3-5-4-4-4-3-6-2-7-3-2-7-7-2- 3 342.57
14-2-4-1-18-13-20-16-7 5-1-5-3
5 7-16-20-13-18-1-4-2-14-5-3- 7-7-3-8-4-6-5-4-2-5-3-8-1-1-2-1- 3 331.49 3331.49 5 889.2
17-15-6-8-10-12-9-11-19 7-2-2-4
6 5-7-19-11-9-12-10-8-6-15-17 2-7-2-3-3-5-4-4-4-3-6-4-4-2-7-7- 3 408.64
3-14-2-4-1-18-13-20-16 2-5-1-5
7 5-3-6-15-17-14-2-4-1-18-13- 3-1-5-3-3-4-2-7-7-2-5- 3 356.23
20-16-7-19-11-9-12-10-8 1-5-3-2-3-3-5-4-3
8 5-14-2-1-18-13-20-16-19-11- 3-4-8-7-2-5-1-5-1-3-3-5-4-4-4-3- 3 429.49
9-12-10-8-6-15-17-3-4-7 6-2-8-1
9 5-3-17-14-2-4-1-18-13-20-16- 3-3-5-4-2-7-7-2-5-1-5- 3 385.36
7-19-11-9-12-10-8-6-15 3-2-3-3-5-4-4-4-3
10 4-18-13-20-16-19-11-12-10-8- 8§-2-5-1-5-1-1-5-4-8-2- 3536.87

9-7-1-2-14-3-15-17-6-5

8-4-6-1-1-5-8-7-2




5 8 1] R, A TR AR B T A HILAR 24 T2 LK) 93

FRYE S IR 25 S w] 0, 24 X S0 5 h 7-16-20-
13-18-1-4-2-14-5-3-17-15-6-8-10-12-9-
11-19, X LR FF 5 7-7-3-8-4-6-5-4-2-5-
3-8-1-1-2-1-7-2-2-4 W}, KT IE B fe/IME K

3331.49 m, RATHLB RIS 2 B E 6 Frs (Hibk
N RATZ A IS ) o X AL HEAT 100 1896 34 K i
i, 0T LA BRI S, T A S 56 50 1R
SRAGEERUEAL AR, anE 7 Fis

B6 HBAMRHXEBAMTRL REE

Fig. 6 Large—scale area trajectory planning diagram
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Fig. 7 The evolutionary process diagram for 100 iterations
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