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Variable Control Technology for Precision Spraying of Fruit Trees
Based on Improved Fuzzy PID Algorithm

XIAO Ke'? WANG Tao' ZHANG Fan' GAO Guandong’
(1. College of Information Science and Technology, Hebei Agricultural University, Baoding 071001, China
2. Hebei Key Laboratory of Agricultural Big Data, Hebei Province, Baoding 071001, China
3. Department of Information Management, The National Police University for Criminal Justice, Baoding 071000, China)

Abstract: Aiming at the problems of insufficient control accuracy and poor stability of the orchard sprayer
in the small flow spraying interval, a variable control system for precise spraying of fruit trees was
designed based on the improved fuzzy proportional-integral-derivative ( PID ) algorithm. The system
controled the rotational speed of the DC brushless water pump through the pulse width modulation
(PWM) signal to control the flow rate accurately. The flow rate relationship of the DC brushless water
pump under different duty cycles was obtained through the test, and the segment fitting was performed
according to the trend of the data to obtain the accurate flow rate fitting formula. Then the fuzzy control
was combined with the traditional PID control algorithm, and the Gaussian function and asymmetric
trigonometric function were used to design the affiliation function, which achieved the improvement of the
fuzzy PID algorithm. In order to verify the effectiveness of the algorithm, the modelling simulation
comparison between the traditional PID, fuzzy control and the present algorithm was carried out, and the
experimental results showed that the present algorithm was better than the other algorithms in terms of rise
time, response overshooting amount, and steady state error. At the same time, the comparison
experiments of flow control accuracy in non-motion state, dynamic flow following in motion state and the
test of droplet deposition rate were set up. The experimental results showed that the spray volume error of
this algorithm was controlled within 2% ; when the spray volume changed dynamically in the range of
0.5 ~3 L/min, the average overshooting amount was 2. 43% , the average adjustment time was 0.52 s,
and the average droplet deposition rate was 76. 89% . The research result can provide technical support
for the development and application of smart orchards.

Key words: precision spraying; fruit trees; variable control; improved fuzzy PID
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Fig.3  Overall principle diagram of system
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Tab.1 Different duty cycles corresponded to spray

flow rates
A/ % ‘iJLII;::n'f/(Tnmin’]) A/ % 'f)"l‘ilhl'f/(lumin’])
3 0.28 53 2.69
5 0.68 55 2.72
8 0.88 58 2.80
10 0.96 60 2.85
13 1.22 63 2.92
15 1.28 65 2.96
18 1.45 68 3.03
20 1.52 70 3.08
23 1.68 73 3.13
25 1.76 75 3.20
28 1.85 78 3.24
30 1.96 80 3.32
33 2.06 83 3.34
35 2.15 85 3.38
38 2.24 88 3.44
40 2.32 90 3.52
43 2.38 93 3.52
45 2.50 95 3.52
48 2.53 98 3.52
50 2. 64 100 3.52
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Fig.4 Scatter plot of duty cycle and flow rate
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Tab.3 Step response results
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Tab.4 Experimental results of flow control accuracy
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