20244 12/ || R = S £ 455 % W2

doi:10.6041/j.issn.1000-1298.2024.52.006

E TR RBF-PID Mk IR E M H REM R

BRer ko ok WY ITWF

(FPE gAML 2= T2, bt 100083)

FEE o AT 0T 4 TR T 2K Y M AL ot 4% ) 2R G0 R A T2 TR o SO 34 452 P R, 4 M T — b i s T A4k RBF-PID
(PSO-RBF-PID) i )30 AEAS Hfti AO s ) 43k o oy 2o ST T IO A% B it A 45 1 R 8 A B 2k bR B, ) DR FHE43032 4 RBF
P 2 SRR SR T T, T LIE S PID 5  F RBF-PID 45 5 A % I8, SR B Matlab/Simulink #2677 05 ELAMT o 15 2L4%
LW, PSO-RBF-PID #% il T Z2 G0 5 I AR ER BRI 22 B dR /N, B0 7 5 sk Ml 430k o 5 T 0 A8 S i I 4% 1 32 e 5
BHIFMATE MR, X RS EI E RS TR, ,n%%ﬁ%uﬂﬂ;*ﬁﬁmtd\?zt%, LU es o N N T e R
TR 1T RS A B SRR, IS4 R, G4 PID #57 . RBF-PID 451 #1 PSO-RBF-PID ¥l F R4 it ik
AHXT R 225391 5.33% . 3.83% . 2.50%, HAriiit 280 R -3 I8T5BF M43 504 5.16 . 3.80. 2.19 s, i i PSO-RBF
-PID I B LA A bR OL T4 48 PID M RBF-PID #5503k, BERSIRIE R G EA RAFIERSAsShArete, 2 02 it
AR

FEEE W, S RBF-PIDIH; B FREOLAL

HESZES: 5224.21 XEFRIREE: A XEHS: 1000-1298(2024)52-0053-9

Variable Rate Fertilization Control System for Liquid Fertilizer
Based on PSO Optimized RBF-PID Control

PAN Chengzhong YOU Yong MA Pengbo WANG Zhaoyu
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Aiming at the problems of low steady-state accuracy and slow response speed of variable
fertilization control system for liquid fertilizer of valve-controlled hydraulic motor, a variable
fertilization control algorithm for liquid fertilizer based on particle swarm optimization RBF-PID(PSO
—-RBF-PID) was proposed. Firstly, the closed-loop transfer function of the control system of liquid
fertilizer variable fertilization control system was established, and the key parameters of RBF neural
network were optimized by PSO algorithm, and compared with traditional PID and RBF-PID control,
Matlab/Simulink software was used for simulation analysis. The simulation results showed that the
adjustment time and tracking error of the system under PSO —RBF -PID control were the smallest,
which verified the feasibility of the algorithm. A test bench of liquid fertilizer variable rate
fertilization control system was built and indoor experiments were carried out to verify the flow
measurement accuracy of the system. The results showed that the relative error of the system
measurement was less than 4%, which met the measurement requirements. The static and dynamic
characteristics of the system under the control of different algorithms were tested. The experimental
results showed that the maximum relative errors of system flow under the control of traditional PID,
RBF - PID and PSO - RBF - PID were 5.33%, 3.83% and 2.50%, respectively, and the average
adjustment time of the system was 5.16 s, 3.80 s and 2.19 s, respectively, when the target flow value
changed suddenly. Each index of the proposed PSO-RBF~=PID control algorithm was superior to that
of the traditional PID and RBF—PID control, which can ensure that the system had good static and
dynamic characteristics and met the variable application requirements of liquid fertilizer.
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Fig. 6 Comparison between measured and actual values of control

system flow
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Tab.4 Flow control error by different control algorithms

s PID $5: RBF-PID PSO-RBF-PID 1
5 (HLTT[%)/ AL xR ERR SFH L X ERR SFE L AT R
(L-min™") 21% /% (L+min™") 21% 8% (L+min™") 21% 5%
1 12 12.64 5.33 6.69 12.46 3.83 5.61 12.16 1.33 4.72
2 20 20.40 2.00 5.76 20.50 2.50 3.16 20.36 1.80 4.54
3 28 28.68 2.43 3.20 28.54 1.93 1.69 28.44 1.57 221
4 24 24.41 1.71 5.23 24.11 0.46 5.71 24.60 2.50 3.45
5 40 40.47 1.18 3.52 40.68 1.70 3.22 40.29 0.73 2.43
6 57 57.36 0.63 1.36 57.46 0.81 1.11 57.59 1.04 1.66
7 36 35.64 1.00 3.39 36.78 2.17 3.97 36.10 0.28 2.43
8 60 61.23 2.05 1.81 60.80 1.33 1.47 61.03 1.72 2.03
9 85 86.00 1.18 2.07 85.22 0.26 173 85.09 0.11 1.49
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