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Design and Experiment of PID Control Variable Application System
Based on Neural Network Tuning
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Abstract; Aiming at the situation of pesticide residues and less spraying under the conventional field
quantitative spraying method, at the same time, in order to improve the timeliness of the existing variable
spray control system and solve the lag of fuzzy decision-making, the BP neural network PID variable spray
system was designed. Based on the multi-sensor real-time monitoring of speed, flow rate and pressure,
the system used neural network self-learning ability to modify PID parameters toprecisely control the
return flow of the liquid. It solved the technical problems such as large overshoot, large steady-state error
and long response time in the existing variable application control algorithm, and realized the purpose of
constant application amount per unit area in the field. In order to verify the superiority of the system
algorithm in accurate variable application, the conventional PID, fuzzy PID and neural network control
mode were modeled and simulated under the Simulink platform. Through comparison, it can be seen that
the neural network PID control was superior to the other two control modes in terms of rising time,
overshoot and steady-state error. The field experiment showed that the standard deviation of droplet
deposition number was less than 1.4 per square centimetre, the coefficient of variation of longitudinal
uniformity was less than 6% , and when the speed varied randomly in the range of 4 ~ 11 km/h, the
average adjustment time of the system was 0. 72 s, the average overshoot was 2. 1% , and the difference
between the dosage and the setting was 1. 3% .
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Tab.1 Minimum flow rate under different dosages
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Tab.3 Spray test results
T iR Ty (£ B/ BE M2/ LRI R/ MR, MEZEEEfliRE
(Lemin~") (km-h~") (L+hm~?) (L+hm~?) (L+hm~?) %
18.0 6 100 101. 4 1.4 1.4
21.0 7 100 102.0 2.0 2.0
24.0 8 100 98.2 -1.8 -1.8
22.5 6 125 126.5 1.5
205 5 HURE T 26.3 7 125 127.3 2.3
30.0 8 125 123.4 -1.6 -1.3
27.0 6 150 152.2 2.2 1.5
31.5 7 150 151. 8 1.8 1.2
36.0 8 150 148.2 -1.8 -1.2
100 102. 8 2.8 2.8
0~11 100 98. 1 -1.9 -1.9
100 102.2 2.2 2.2
125 127.1 2.1 1.7
FH ] 2 46 0-~11 125 127.6 2.6 2.1
125 122. 4 -2.6 -2.1
150 151.9 1.9 1.3
0~11 150 147.1 -2.9 -1.9
150 146. 4 -4.8 -2.4
x4 HYEEHHEAERRER
Tab.4 Longitudinal application uniformity test results
B 75 m X3 S B it 24 2/ L Wiz EERARTET TR FEKRTST
Peihlgess  MEZiEL  KEPNE 0~ 5~ 800 ~ 1605~ 2410~ 3215~ $&iHliR 4km/h B2y RE 4 km/h B
(L-hm~?) Jizi/L  Sm I0m 805m 1610m 2415m 3220m  2/% #HiRE/% % 2B %
100 0.9 1.123  0.934 0.915 0.91 0.863 1.005 -4.7~25 -4.7~50 7.4 5.9
100 0.9 1.084 0.858 0.933 0.909 0.905 1.025 -4.8~21 -4.8~4.9 6.8 5.6
100 0.9 1.095 0.917 0.914 0.939 0.911 1.018 -4.7~22 -4.7~4.8 5.8 4.2
125 1. 125 1.313  1.079 1.135 1.165 1.154 1.203 -4.5~17 -4.5~4.7 7.2 5.8
BP — PID 125 1.125 1.282  1.177 1.145 1.085 1.135 1.215 -4.6~14 -4.6~4.8 5.1 4.5
125 1. 125 1.367 1.171 1.132 1.108 1.182 1.232 -4.7~22 -4.7~4.7 6.6 5.2
150 1.35 1.645 1.284 1.415 1.356 1.343 1.502 -4.8~22 -4.8~49 6.7 5.2
150 1.35 .62  1.367 1.319 1.29 1.335 1.552 -4.8~20 -4.8~4.7 6.2 4.9
150 1.35 1.581 1.308 1.403 1.286 1.338 1.485 -4.9~18 -4.9~4.6 6.0 5.0
100 0.9 1. 141 0.923 0.856 0.908 0.933 0.989 -6.3~27 -6.3~8.9 8.9 8.1
100 0.9 1.122  0.927 0.985 0.904 0.875 0.995 -7.2~25 -7.2~9.8 9.8 9.0
100 0.9 1.045 0.835 0.885 0.936 0.942 1.002 -7.5~16 -7.5~7.8 7.6 7.2
125 1. 125 1.342  1.125 1.205 1.015 1.135 1.199 -9.9~19 -9.9~85 9.8 9.2
FH PID 125 1.125 1.275 1.164 1.213 1.078 1.112 1.201 -6.9~13 -6.9~9.6 9.4 8.5
125 1. 125 1.323  1.176 1.085 1.130 1.088 1.209 -7.6~18 -7.6~8.2 8.2 7.5
150 1.35 1.655 1.356 1.295 1.435 1.369 1.480 -6.5~23 -6.5~7.4 1.7 6.9
150 1.35 1.523  1.405 1.348 1.336 1.305 1.476 -7.0~13 -7.0~9.0 9.5 8.6
150 1.35 1.573  1.240 1.272 1.399 1.416 1.486 -9.6~17 -9.6~8.2 8.6 7.8

6.7.8.9.10 km/h, BEZSHLIEL G BUTF KB4, 45 5
SIS E AT AT, I IR TR S5 i TR
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67 RIRE IR I I 4 sh 284
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Fig. 10  Droplet deposition under dynamic change of
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