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Design and Experiments of Greenhouse Ultrasonic Pest-control Robot
Navigation System

Zhao Wenfeng' Huang Jiajun' Sang Wen® Luo Zitao' Yan Weisheng' Yuan Xiangzhi’
(1. College of Artificial Intelligence and Low-altitude Technology, South China Agricultural University, Guangzhou 510642, China
2. College of Plant Protection ,South China Agricultural University, Guangzhou 510642, China)

Abstract; Aiming to enhance the mechanization and automation levels of ultrasonic pest control in
greenhouse environments, an ultrasonic pest control robot was designed based on the efficient pest control
requirements under standardized greenhouse cultivation models and the autonomous navigation system for
the robot was designed according to its autonomous operation mode. The navigation system used the 3D
LiDAR Cartographer 3D algorithm optimized based on point cloud filtering to map the operating
environment and finally form the raster map required for navigation, using the adaptive Monte Carlo
localization algorithm for multi-sensor fusion localization, and fused the traversal path smoothing
interpolation optimization method with the path straight line optimization method based on the JPS jump-
point search to improve Dijkstra’s global path planning algorithm, and combined with TEB local path
planning algorithm for path planning. Experiment results showed that the length and width errors of the
greenhouse environment map constructed after fusing point cloud filtering were 0. 035 m and 0. 019 m,
respectively; the improved Dijkstra algorithm reduced the length of the planned paths between straight
lines by 0. 64% and 3. 12% compared with A" and traditional Dijkstra algorithms, and the lengths of the
planned paths in curved scenes were reduced by 0.41% and 5.65% . The number of folds greater than
60 degrees was reduced by 71. 4% and 75% in straight rows and 20% and 36. 8% in curved rows, and
the discretization was better. The robot was subjected to navigation movement experiments, and its
average transverse and longitudinal errors were 0. 048 m and 0. 089 m, respectively, and the average

heading error was 8.26°, which satisfied the autonomous operation and navigation needs of the ultrasonic
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pest-control robot in the greenhouse rows. Finally, the deworming effect experiment of ultrasonic

deworming robot was carried out, and the number of eggs laid by Twillow moth was reduced by 98. 92%

by using ultrasonic deworming robot.

Key words: greenhouse ultrasonic pest-control robot; autonomous navigation; LiDAR; SLAM; path

planning
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Fig.2 Robot overall design and ultrasonic pest repellent

device diagram
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1 2.032 1.936 2. 127 0. 062 1. 400 1. 000 2. 000 0.490
A" +TEB
* 2 2. 681 2.552 2.812 0. 092 3. 000 2.000 4. 000 0. 632
1 2.084 1.939 2.158 0. 041 1. 600 1. 000 2.000 0.490
Dijkstra + TEB
2 2. 830 2.614 2.982 0. 136 3. 800 3.000 5. 000 0.748
1 2.031 1.989 2.084 0.033 0. 400 0. 000 1. 000 0.490
Bt Dijkstra + DWA
2 2. 828 2.663 2.907 0. 087 3.200 2. 000 4. 000 0. 748
1 2.019 1.982 2.056 0.027 0. 400 0. 000 1. 000 0.490
M3k Dijkstra + TEB
2 2.670 2.573 2.757 0.063 2.400 2.000 3.000 0. 489
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Fig. 15 Navigation error coordinate system settings
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Fig. 16 Navigational performance experimental scene
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Tab.2 Robot navigation accuracy test data

0.2 m/s 0.4m/s
gg G R N R I A B A I N R B N R
FZ/mo FE/mo /(°) F/m F/m E/(°)

FHIflE 0.048  0.089 8.260 0.060 0.100  9.700
S/ME 0.025  0.065 5.500  0.025 0.070  6.000
A 0.080  0.115 11.500 0.095 0.135 13.500
FRMEE 0.020  0.019 1.200 0.030 0.025  2.800

HIZE 2 Al DL A PR L g AL 0.2 m/s
(9 5 b 2 BE AT S 0 B IE, HE R 1) O 2 e 22
0. 048 m, Jh[i] - 1 f 22 0. 089 m , fiff [i] - 1 fie 22 Ty
8.26° H.fi 25 1% O B2 4 B8 % , B JE YA 0.4 m/s
Jei , AR - 2 fi 22 0. 06 m, Jh (7] - 44 g 22 0. 1 m,
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3.4 BEEREVSARHEZR

T W R R K BB AR A SR OR AR BF
FEMHE T —MRF 55 em x 55 cm x 80 em [ £ 4]
WJE , N — B AR 4 B, O ) o ] il 6 3R
SRR (3 ME 3 M) |, AT ST R SRR A BB A A
ZH BRSO R O RS N IR TE A R 05
5B 1 min 54822 B, ZE31 24 h A R S0R TR A
Wahm Lo, LR E A 17 Fs.

<l S 4.
] R A

P17 PR O R e A

Fig. 17 Diagram of ultrasonic insect repellent device
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