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Design and Experiment of Optimization Control System for Variable
Fertilization in Winter Wheat Field Based on Fuzzy PID

Chen Man' Lu Wei' Wang Xiaochan'? Sun Guoxiang'? Zhang Yu '
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. Jiangsu Province Engineering Laboratory for Modern Facilities Agricultural Technology and Equipment, Nanjing 210031, China)

Abstract: In order to achieve real-time variable dressing at winter wheat jointing stage, the fertilizer
quantity real-time adjustment algorithm based on fuzzy PID control was studied. To achieve the optimal
control of fertilizer, the rotation speed and opening of fertilizer apparatus were real-timely adjusted
online. With ITAE criterion as the fitness function, the initial values of PID controller parameters were
determined based on particle swarm optimization algorithm ( PSO ). The algorithm combined the
traditional PID control with fuzzy algorithm by acquiring the real-time parameters, such as the crop
canopy real-time spectral information ( Normalized differential vegetation index, NDVI) , rotation speed
and opening. The parameters of PID were set online and the rotation speed and opening of fertilizer
apparatus were real-timely adjusted to achieve optimal control of variable dressing. Results showed that
the fuzzy PID had good dynamic stability and tracking performance. A fluctuation existed on fertilizing
amount during the process of fertilization. But the variation coefficient of fertilizing amount was small with
the maximum value of 3. 22% and average value of 2. 09% , which met the requirements of field variable
fertilization. In the laboratory tests, the maximum overshoot of rotation speed was about 11.96% , the
maximum overshoot of opening did not exceed 14.94% , and the system precision could reach above
87% . In the field experiments, the maximum overshoot of rotation speed was about 12.80% , the
maximum overshoot of opening did not exceed 14.79% , and the system precision could reach above
86% . The system had good stability, accuracy and rapidity and it was able to satisfy the agriculture

technical requirements.
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Fig. 1 Schematic of variable fertilization

2 TEEREHRERIT

KN AR RBEAE AL, i TN R KBRS
i) 2 S M, e J2 0 — A AT A R RO UAF 5 ik 8l TR 4k
DS 0 HE 15 5 0 B3, LRIl T 4 R
M, 5 4% R Go g 45 0 2 1) S 80l 2 7 AR 4k,
WA SR A A 3 T A 3 T B, 45 S ROR 45 T HS
W T2 o 38 S AL HE A o 45 6 &R 4, A FLAE H ()
JIE RS SR AEAE 25 0] 22 Sk i 1 00 T B HERE H 38 B
FTTRETT o
2.1 ZREGHEBEITNEIEEH

g 3B B A R G0 R B R S AL IS A 1Y

Bl S R A 2 v Bl ML A A I RS 48 114 O 2 4 3 o 2

IR NE 75 e 3 47 o 52 R — A LA R Bl LA o
A YL, MAEZ WO OL T, LR AL S L AT LA
BN — AR — B R G, H AL i R O — A S
(B RS A BLR AT ER I T AL IR AR ok %
78 B i AR i i D044 26 e X0m] E SR

1/(2wK
G(s)=¥ (1)

aRa

s (KCKPS +1 )

K K ——m 35, B i shiLEs 1 2 5008
J, —— WS i S
R,——H i HLHBH




%2 1

WRils 25 . T HOB PID 94 /N2 A8 i B AE R AL 1 1 R L BT 5 1A% 73

K, ——F % J3 55 55, b f Bl AL 45 4 2 5
E
ARG R 5T 5T B S L (AL
57ZW — 57THX ), £ % & A W 3 B F
6.23 Vrms/Krpm, H Ffl 0.600 Q, H 4 F1 40 % %
0.0690 N-m/A, ¥z HH 0.3 kg-cmz,fﬁf\iﬁ(l)
JE 15
16. 8
s(0. 1555 +1) (2)

BEAh , HEAE % 0T B RGN E 2 Fros , 22 ik e
S AL Bl 22 00 A 5 22 T S B0 B A i 4
9% 2 3 By Sl HENE 3 25 A7 B Bl AT S B HE E R T
JER AT, RS P AR R 2R i R shifi e [,
AL AT LIS 298 55 HE AL 45 07 B2 /Y H br o

1 2 3 456 17 8 910 11

G(s) =

P2 JFREEIRA R B R B
Fig.2  Structural diagram of opening adjustment device
LEER 2.0 mEhpl 3. MBI 4.8 5. Lo iRa
6. FRAZIFRMEES 7. 404 8. FRALIFSC 9. f&shdh 10
ey 11 224F

AN 8RR ISR A ATL AR BB B0 AR IR A
L IR e d n Oy

n=kk,U, (3)
f":,j kl—%ﬁ%ﬁ kz Uﬁﬁtt
U, ik BL TAEH R

A g3 STV BB Bl ) B AR TR Oy
nP,  kkUP,
60 T 60
A o A 3E f S ML AR A )
P, ——FALZR A7 e 3 R 2 A
Sibr AR, U, F0 P, R W B 4 5 24 VA
5 mm, X (4) Foral 15

dt (4)

kk,U,P,
== () (5)
Kb oy——HL B HLIT HE, Hy 15 AL B
e
X2 (5) HEATHL IR A2 4 T 15 22 45 19 1% 346 pR AL
kk,UP, t,
G(s) =W—T (6)

22, 2 U 24 Vi 3 n 0 12,2 o/ min,
FL S AL ZE B 7 0. 005 ~0.01 s, RS HL 1,4 0. 01 s,

I 42 32 oK K5 A

Gs) = -0.01s +1.019

X (7)

TR fﬁ*
L e
kl/)‘ ky; | km| U, (1)

PIDI 21— Gt 1

de =

U, (1)

T PIDi}ﬁ*ﬁ%&z—»ﬁFEﬂ%ﬁ?ﬂi

ksp? k&lT k,&'dT

o B
LR

3 HENE B o
Fig.3 Schematic of fertilizer applicator displacement controller
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