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Design and Experiment of Automatic Variable-distance
Precison Spraying System in Orchard
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Abstract; Aiming at the problems of low automation, low pesticide utilization and poor adaptability of
orchard spraying equipment in northern China, an orchard variable distance spraying equipment based on
crown volume estimation was designed. The spraying arm of the equipment could adjust the spraying
distance and height in horizontal and vertical directions under the control of the control system, so as to
adapt to the characteristics of fruit trees in different orchards. In order to achieve precise spraying, a
sensor array was constituted by infrared ranging sensor to detect the crown. The data measured by sensor
array was used to build a tree crown volume estimation model by mathematical method, and the
adjustment scheme of spray parameters was designed to make the spray distance and spray volume
adjusted accordingly. In order to verify the performance of the spraying system, the actual movement time
and the response time of the spraying arm when received the movement command and the accuracy of the
crown volume estimation model were tested. Two groups of automatic target spraying tests of fixed distance
and variable distance were carried out on simulated peach trees. The results showed that the movement of
the spraying arm could achieve the instantaneous response and the actual movement time was almost
consistent with the theory, and the relative error of the volume estimation model was 11.27% . Compared
with the fixed distance target spraying, the variable distance automatic target spraying increased the
pesticide attachment rate by 18. 66% , and saved 30.25% of the liquid medicine.
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Fig. 1  Principle block diagram of spraying system
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Fig.3 Infrared sensor array
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Fig.4 Canopy segmentation model
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Fig.5 Canopy volume estimation models
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Fig.7 Schematic of spraying control system
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Fig. 10 Test layout and spray effect diagram
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Fig. 11  Spray deposition analysis
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Tab.3 Spray deposition rates for different modes

. i 56 %W W5 55 WY 5 %/ % §

=2 Gt Tz iz i)

) 64.29  75.00  67.86

1 ®) 71.43  75.00  67.86

® 64.29  71.88  71.43

D 67.86  68.75  75.00

2 ® 71.43  71.88  64.29

® 75.00  81.25  67.86

IR T R T 5%
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3 ®) 64.29  78.13  175.00
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1 ©) 85.71  87.50  85.71
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Tab.4 Dosage of different spray modes
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1 2.089
N 2 2.131
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3 2. 105
4 2.097
1 1.453
- 2 1.478
A 1 X g 55 1. 469
3 1. 469
4 1.475
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Tab.5 Average spray deposition rates for different

spray modes
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3 84. 62
4 84.28
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