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Modeling and Testing on Liquid Pesticide Spray of Serial Manipulator
Target Weeding Robot Considering Wind Disturbance

QUAN Longzhe LI Yajun WANG Qi FENG Huaiqu WEI Chunyu
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to effectively cover target weeds, improve the precision of target spray and reduce
liquid pesticide waste and ecological pollution, the target spray method based on two-degree-of-freedom
manipulator was adopted to optimize the target spray performance of the weeding robot. The
establishment of the liquid pesticide spray model of weeding robot was the key to improve the precision
of the target spray. Under the premise of considering the wind disturbance, according to the dynamics
equation of the droplet particle trajectory, combined with the manipulator link and the joint variable
parameters, the model of droplet spray was established and the theoretical covering area was derived.
Based on this, the influence of nozzle pose, vehicle velocity and wind speed on the covering area of
liquid pesticide droplet was analyzed by computer numerical simulation, and coordinate reconstruction
was carried out on the nozzle spray point. A small opening direct-current low-speed wind tunnel was
built indoors and the liquid pesticide spray model validation tests were conducted. The actual droplet
covering area was obtained by image processing technology, which was compared with the theoretical
droplet covering area, the area centroid error range was 4.1 ~7.2 mm, and the area matching error
range was 9. 1% ~17.8% . The experimental results showed that the error of the theoretical covering
area compared with the measured test results was small and had a high consistency with the test results.
This research can be used as a reference for the construction to target spray equipment and technology of
related robots.
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Fig.1 Structure diagram of target spray serial
manipulator weeding robot
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Fig.5 Connecting rod coordinate system of weeding robot
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Fig. 10 Effect of wind speed on droplet covering area
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Tab.2 Test results of serial manipulator joints rotation angle (°)
R G B 1 2 3 4 5 6 7 8 9 10
R 25 -10 -23 -9 -36 -33 40 18 7 -20
SR A R S I 25.20 ~10.15  -22.90 -8.95 -36.35  -33.40 39. 80 17.85 7.10 -20.25
JINEE R S -25.10 9. 65 23. 15 9.25 35.70 33.10 -39.80 -18.15 -6.90 19. 80
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Tab.3 Covering area tests result
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Fig. 17 Robot target spray tests
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Fig. 18 Result map of covering area image processing
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