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Variable Universe Fuzzy Control of Water-fertilizer Mixing Process
in Fertigation System under Rotational Irrigation Situation

Niu Yin' Zhang Kanyu'"
(1. School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200072, China
2. Institute of Motor and Control Engineering, Shanghai University, Shanghai 200072, China)

Abstract: The water-fertilizer mixing process with an open-tank in the fertigation system was analyzed by
a simplified dynamic mixing process in this paper. Then a variable universe fuzzy-PI control strategy was
proposed which aimed at the characteristics of nonlinearity, pure hysteresis, time degeneration and
uncertainty in the control system. A set of stretching factors with proportional exponential function was
used to modify the universe of the fuzzy controller on line for improving its adjustability. Considering the
influence of varied rotational irrigation schedule, a co-fuzzy controller with one-dimensional was proposed
to regulate the reference value of integral coefficient of PI controller, through monitoring the system flow
change on line. And the correction value of control parameters of PI controller were regulated by the
variable universe fuzzy controller. In order to verify the validity and advantage of proposed control
algorithm ( VFPI) , four experiments with different recipes and three experiments with different rotational
irrigation situations that compared to the traditional PI controller were carried out, while the testing
platform of fertigation control system was established. The contrast testing results demonstrate that the
proposed VFPI control strategy has better adjustability than the traditional PI control method. When the
recipe contents or rotational irrigation situations varied, the VFPI controller has smaller overshoot, better
dynamic quality and reliability than the traditional PI controller.

Key words: rotational irrigation situation; fertigation system; variable universe; fuzzy control
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Fig.1 Structure of fertigation system
LoRIE 2 4hKEE 3R BRI 4. BRREE 5. IEWR I B 4%
6. WA T APk AR 8. RIS 9. X T
R#FEOEIER 10 XERHOKESR 1L RIEE 124860 F
BB EMMIEE 14 EC LR 15 KA 16, 1k
W17 4F IR 18 i gt 19, W T 20. PEOK AR
21 i T8 it S 42 o AE

PR R G0 F 8 K IR FTAN K SR . 7K U P A7
IR 2 AR - R TR 7K T S SR 8 BV UK, b K B LK
U5 rb BOK FF R HE RS K % IR AT RE . TR E BE N Y
A7 ph R IR A o R AR R N R RO E o TR
F ¢ th 22 % W I T T 2H AR, i S R I S T ) 9 B R
N GRS O N WA B8 M= BL Y QUL ER A R T
A e A5, A% X Tk 7 AR, TEAE R GORK &
BEVRURE P A e 4 B0 A B T I R g R MR N K TR
B TR U S8 K 2R G0 0k 2= L E) A R, O
T K A BT T AR AR M g £ b
K FAETE A 1k R A T R A A B e, Lk
(] i ) 1 2K U 5 1w, 5 T 1R 4 R A B T
fEE .

THE TR it I 2 2 R D IE I IS R ey B8l g,
W UK Sl R S LA 2 G R AR o 9 R AT AR R
IS DAY B8 IS 8 ROIn T A e B b 30O 3 B —
AN AR K I 26 = T DA Y 5 O — B A s KR
A R 3% Bl S e HEL W 1) B 2l 2K, 7E 28 ik SC e B
JIES 45 o 2% [ YR TS R 5 ok A — AR D A [ g, 22 5
EC f& s (1 T 3L G ) i I 4 83K )5 R 1R JIE
E .

W JIES 3 T 2V IE AR 0 1 O B A S 4, T S
LIRS g O A I 2, L D B R P K Bl
K 28 3k S0 B 45 J A HG e O L £ T A T s
FIWAR A H A R BT ST W, SC R LAY B
A F5 23 B o 11 F ) 25 9 AR A AR AL, O i A



%3 1

A8 A RO ST WE IR NE R SR NE A R AR 1R S A A 4 o 47

A B8 E PEAE SC I BUIRAE &% B9 A AR B8 — > T
Gl R B I el N P TR R A R A B
TR B EME. TS0 E AT S RO E H
H R PR AL B, W R A IE e TR,
SCFr B s g 25 A — A [ E A, X RS A
iz A 3 3 1Y SC e L B R R B S AT
RIRAM ) 5 FE WA 19 14 s 7 90z 3l %k I R 3o e 3
IOE AL

P 2R 0 32 5 o 8 MRt AE 425 < AR VEC AR R R
FRL G D T e T Ak o e R R R R Y AL
— > FT ) PR D ) — > X, FE BB WE 2R 1R R i T e
HE BERY AT, B — R B R T AT — D 2 A
FEL ) R0 17 ) B 5P O WL % O 1 ) A D A 2 A
o A I 2 E T i N AR 0 ) i O B —
Z T JE B FEL R AR 1D A e 2 . TR AE RE VR 5 )5 1Y
HE Y80 2o B T A T o R K A LR I 45 VR, TR
B I AR R B A Jo i e R o A 0 ) A ™ AR LR R
M, DRI 0k of 4 i) 28 G A U, T ML 2o R ) 42 il o R B
R AR LR S R . CABITERY R
R A R AR AE AR G
PEA R GER A EC A& I 18] 12 I 1R 5 i 1) JE 90
R MR o T e e AR A ) M I S s
JE S8 P PRAT AL ) TG o s O S R e 4 i 45 ol ok
PWM 1% 75 3 ] HL g A J B 9 ol 23 bE, DA 52 BRI
JIEL S PO A 0 42

HE TRt S 7 A AR R R R G AL, AR
N Y U E N & YN SR D SR o 1 S
G R RGPS BB 1, 48 A 48 B 53 3 i
B LI B RGBSR ML RS 2
Boss o AR — Oy 1 B R R
RE ) J3E Xk Y] 1R 1) AT T R B, 5 — T Tl 4% R
JUBEE BT AR R C S AR

X Ak A B JRCE P R A I R R AT T
HE B A 2 TAE . 2T 3R
N B SRR M 5 — A B L8 SR R
FOE R TT N2, A 45 HERE Rl 2 L HERE X 1 4 38 3E
5 ERHEC L R 55 R R EC (R 55 ; AR J5 R X 4k
e 77 2 MR Uk i B B ) 2R S8 s e M R 4 IR T
T WX — A~ s 24 BE B TP R AT R
RGLIBATI 2% W L T 0 T IO 14 e 3k o v R SR
PR TR) 8 8503 Bl A i — 5 1 m] DA 5 W IE 3o 7
HR LR 2 ) PR TS B R R N A P ) AR A R R
TR Ja 9 JIE T80 Jo 5 v T R RT 5 g — 7 Tl T 4% 3
AT LA Bl A — B, R FUORG BT — A 45 1l 4 1D
TS BH 22 W JIES 3 P A B I 4 e B A

1.2 REZFHTHREEIRSH

A S LA 26 1F TR 1Y 52 B TR AT 2 AR Oy BT 5 %)
G MR Lo U R S AR S R 25 A A HE T 2 A
TN 3o P g 552 B ) 0 G S A ME TR 4 i ) TS 98 It
WYKL, i EC &I an (e 4 2, R i o A 1 e
T RG] LI — A~ SISO R%GE. N T 45 i 4%
RIS SR BT R, A A0 B S X % i R B R R R AT
T

TR A R X RAFE A T TR BE 45 8 X
RWATT, TR S R A, TIRHER
B2, S — Al Y R R O DR TR AR S
M 2 — A AT A0 ) Bl A Y, AL B Y £ B2 o3 AT
JRE i I AR TR NIE i AR A B R AR B 25 1 T 1
o

R B - (DI AL HE A WAL A S A, HE W 5 43R

A HWEYS . @& WL E B #5584 — 3, 0F
H2Z20m KRR R R2 0 o BT A6 )5 AR AL i e 1 3 25
BTN 2 fros . B, Q, (o) A HE BRI K i i C,
O HE R I K SR e R 5 0, (1) D T R o R
C,. (0) J IR th B 59,(0) (G =1,2,-,n) Ay
Wi MES S0 T PR S PR IR IE L A5 € (G = 1,2, -+ n) R IRIE
A X O 14 D S R 5 V (o) S Y S R PN T A
s g W% IE 3 T R

7,0 ¢
9, &,
&y :
o, o e

R

vy | Qu®  Canl®)

2 AR IR AL 1 2 8 S R Al

Fig.2  Simplified dynamic model of water-fertilizer

mixing process
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Tab.4 Experimental rotational irrigation situations
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Fig. 8 Experimental results with different rotational irrigation situations
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