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and fertilizer integrated system, as well as the strong subjectivity and limited optimization effect of
the fuzzy PID parameter tuning, an intelligent control system for water and fertilizer EC values
based on ACOR-Smith-Fuzzy + PID is designed. This method uses the Smith predictor to compen-
sate for the pure time delay of the system and the ACOR algorithm to globally optimize the param-
eters of the fuzzy PID, thereby achieving time delay compensation and parameter adaptive tuning
in a coordinated manner. The multi-objective EC value working conditions are simulated on the
MATLAB/Simulink platform, and an experimental verification platform is built with the GD32 mi-
crocontroller as the core. The results show that compared with the fuzzy PID, the proposed method
reduces the regulation time by 43.3%, the steady-state error by 50.0%, and the overshoot by 68.0%,
effectively suppressing the oscillation phenomenon caused by time delay.
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HOROEWHER W . FoKIESE[6]ME T & T PSO il Fuzzy PID [7E 77K EC {EH#ERAIE5] N Smith
Tfti b, AR TARZNE L I AR YRR S A ) A AR RE AR 7 A T et AR A SR LA SR PID
23 A b iy PR 2 35K ) S FEE 4 TG % 4 ) 7K NE ¥ ¥ L5 32 (Electrical Conductivity, EC), SEHLIC R4 il L & 52
BWEICHE . KA EEF[RIFE T MR EIAR, K B % B PID % Bk 5| NI IT k¥ ks &, I
XA Hh G PID A FE s 508 PID 426 5E 3T 17X RIS SR, 4R 278, HAs EC K, 523 EC
RERA, AR RS 2SI [ R 1 B 405 K

L LR, UM PID 5 C K IE RGN EREA, (B gt A ERAGIE T S HU AR %
& ZBAN R B RAE 17 R, Smith Tl &% B REAT BCRMEEIN i, (HH 555 A R e SR IR IR R T AL IR R
BB, HZ 80050 R R T Az i), o DU A AR R . B B S TR Sk . AR SO G AL
R K52 (Ant colony optimization resampling algorithm, ACOR)EALIEM PID 24, $EmIFMAE; 46
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Figure 1. Schematic diagram of nutrient solution regulation process
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Figure 2. EC step response curve
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Figure 3. Validation of the EC transfer function model
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Figure 4. PID control structure diagram
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Figure 5. Structure diagram of fuzzy PID control
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Figure 6. Structure diagram of EC value fuzzy PID controller
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Figure 7. Structure diagram of fuzzy PID controller for EC value
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Figure 8. Basic principle diagram of multi-channel thermal flow method
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Figure 11. Scale factor iteration curve
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Figure 12. Comparison of simulation results
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Figure 13. Water and fertilizer control test Platform
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Figure 14. Mixed fertilizer control under different target EC values. (a) Target value 1.93 mS/cm; (b) Target value 2.13 mS/cm;

(c) Target value 2.34 mS/cm
14. A"E]B#5 EC E T RBITHISLIE . (a) BHFE 1.93 mS/em; (b) BFR{E 2.13 mS/em; (¢) B#FME 2.34 mS/cm

Table 2. Experimental data at EC target value of 1.93 mS/cm
# 2. EC B#fE 1.93 mS/cm KISCI 1R

ey RS 8] iRz e B
ACOR-Smith-Fuzzy + PID 68.5s +0.04 mS/cm 6.8%
14 PID 122.3s +0.07 mS/cm 24.2%

Table 3. Experimental data at EC target value of 2.13 mS/cm
F 3. EC B#5fE 2.13 mS/em AYSELE iR

i Fo A B[] RERE B
ACOR-Smith-Fuzzy + PID 70.2's +0.05 mS/cm 5.3%
1SR PID 125.6's +0.09 mS/cm 17.5%
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Table 4. Experimental data at EC target value of 2.34 mS/cm
3 4. EC B#5ME 2.34 mS/cm AYSELE HiE

A R[] A iRE HiRE
ACOR-Smith-Fuzzy + PID 72.8 s +0.04 mS/cm 4.1%
TSR] PID 128.5s +0.08 mS/cm 12.8%

P 14 A 2~4 A 50, {E HEME®E A 2.34 mS/em i, ACOR-Smith-Fuzzy + PID A% T PID
WA R R T 43.3%, FRESIRZEL/NT 50.0%, @IHEEK 68.0%. {EHARFLXSHSLIH, ACOR-
Smith-Fuzzy + PID BVAERTA HAx EC AT b [FIAEI AR THOMT PID 5092, Ui B 1 v A Tc AT 428 i 155
RUR] AR i 2 A 88 TR EC R BE i & 775K .
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ERR e, BA—E st E.
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Smith-Fuzzy + PID [ 5ng. H, ACOR HI-TARAGIEM PID S 40 555 & /AN, Smith FfG#%FH T
PP RN, M BRI [0 K IR EC B2 A hiIHESE .

(2) £ MATLAB/Simulink “F & JFEXT LU B . 250K 0. Frid iy ik GeA ROl fiy 51 e 8 7 5 4%
i, RGN R, FaASHKEE 5. ACOR-Smith-Fuzzy + PID AHXTHOR] PID 135 A TR 1 43.3%,
AR EL/NT 50.0%, A8 AR 68.0%.

(3) T GD32 sl E EC [ IHFENRF &, 5Eh LCD M5 51 5 8 2l ity 2o 75 42 il i 49kt 4
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=

VLR PR T2 B i 90 2L SE R B it R . TH 48R AREAMEZIRXKERSENR, HHHRS:
XSICX24 61.
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