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Design and experiment on the variable application regulation
system of liquid fertilizer in rice

ZHEN Wenbin m, WANG Cong, YANG Xiuli, XING Hang, YAO Zhiqiang, QI Longm
(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] In order to achieve accurate application of micro flow liquid fertilizer near rice root, an
electromechanical flow regulating valve was designed and integrated with the developed pneumatic ejector
fertilizer applicator to construct a variable application regulation system of liquid fertilizer. [Method] The
theoretical model of system mass flow rate was calibrated through experiments, and the transfer function model
of control system was established. The structure, rules and initial parameters of the PID controller based on
fuzzy reasoning (fuzzy PID control) were designed. The regulatory response capabilities of PID control and
fuzzy PID control were compared through simulation experiment. [Result] The simulation experimental

results showed that the overshoot, adjustment time, and steady-state error of step signal response for fuzzy PID
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control were 0.12%, 2.51 s, and 0.007 respectively, which were lower than 42.9%, 4.44 s, and 0.010 of PID

control, and suggested fuzzy PID control had better dynamic adjustment and stability. Under interference of

pulse signal with amplitude of 0.5 and duration of 0.1 s, the adjustment time of fuzzy PID control was 0.61 s,

which was less than 1.67 s of PID control, and had stronger anti-interference ability. The performance test

showed that under ten-target mass flow rate condition, the absolute error of mass flow rate of fuzzy PID control

was lower than that of PID control, with a control accuracy of 93.93% to 96.88%, which was higher than 90.00%

to 95.21% accuracy of PID control. When the fertilizer amount changed, the average overshoot was 12.2%, and

rise time, adjustment time and peak time of fuzzy PID control were 1.5, 10.7 and 1.7 s respectively, which were

lower than 17.4%, 2.1 s, 13.3 s and 2.3 s of PID control. [ Conclusion] The variable rate application and

regulation system for liquid fertilizer in rice based on fuzzy PID control has higher quality flow rate control

accuracy and tracking performance, laying a foundation for the development of variable rate fertilizer equipment

for liquid fertilizer in rice field.
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Fig. 2 The structure block diagram of flow regulation control system

kIR A R%

51 2t AT A5 R s 28 AR AT AT i
ITIRG, £ DR BBRIE S A0 i, 18 RIERS
SRR AT AR, 2 LR TR ), SER TR
SRRSE, HANAE AR 200 77 20 B W SOR] P i 1) gk
— BB LRIR T, A R0 R B K B R AR AL
FL 5 2 ) J o A T AL A O P R 4
JSE T2 51 5 AT 25, 15 2 VA AR e P
RGN 3 Fron . i R IR B e
B B v e B E N 51 U AR A JE i B
U H At 2 N B AL, T A R A U U
BT RS AR L L AT 5 AT IS VRO ) S
I 9L B S A B R L, R L Bt AT A B, 2
N2 NG s w1 Kl 5 A R X A DA i P
PR B Bl AEWRIE PA—5E BiRUEERE N S A7 51 3
A AE 3 T 5 IS URIR & R R LSS P
JRZE A S UL W KR AR X B I - 4, SCELE &
TEEREAE L .

14 RIFBRERFRBRLER 5INELER

TR B R R S A I T A A A
i P AR e AOMRIE i 6 R PRV A B o =, RS VR A

1 A5 9 AL &% 5 2: WL RS 5 1 3 A% R 2%
4: LI S IRECIRE T 5 6: ST ML 7. FRIR

1:Pneumatic injection fertilizer applicator; 2: Electromechanical flow
regulating valve; 3: Speed sensor; 4:Solenoid valve; 5:Turbine flowmeter;
6: Single chip microcomputer; 7: Power supply

3 RIEREERAATRS
Fig.3 The adjustment system for liquid fertilizer variable
fertilization



580 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

44 %

TR Bt FH 2803 R L B R bR . 9 B AL L R U
RS RN A B S R R RS, BERE R 48 L
T 7179 0.3 MPa #EAT bR € 05, U461 6 Wik 4
P o R (R 0.1 @) FREIFL XA
WA NEREAR kS dn o & R E S RS Ak
JIREE G K WAL — S AR A o [F I A T
AUEI s T I 4 R B IR BRI IE SR AL AE
MR 28 &, 1530 (1) THERR AL B LR (9):

mp; —my
=—) 1
; (1)

S my AR RERERS AR & g5 my LR
R, g5 t NTHII (A, so

L A0 22 1L DEIRE IR; 3: 0 4: MRS S: AR 6: VM RO s
7: HURR R IR 8: B4

1: Air receiver; 2: Pressure reducing valve; 3: Gas transmission pipe;
4: Fertilizer applicator; 5: Fertilizer suction pipe; 6: Liquid fertilizer tank;
7: Electromechanical flow regulating valve; 8: Electric cabinet

B4 BEBREREFERETE
Fig. 4 The test platform of liquid fertilizer mass flow rate
calibration

¥ B REALEL R 20 10 254y, Il B4
N B A BE, g4 e 42 | H B AEATL SR B 3t 2 1R 5T
WZAT 1 A5 5 (RIFENLEE B 27°), 43 il % &AL
Bt AR, AR 3 min, EE 3K, HHEA
HAE g FI1H.

RIS R UK S B, il AR 38 BBAR AR g B R
IS A R R, AN
0.987 8, TEHLBNAEMLEL BN G Bl N, WARAE g AT
FIVE A 2.36~6.75 g/s.

FNE 7K AE H AL (2ER) it FH &8 180
kg/hm?, WA IE it 1) g S5 48 S L AR T a2 3ok B2 A
VCRE, Ha Hr ALVE M8 R 7K e 46 42Ut P 2= 5 e A 2
q ZIAIOE R R =

g=22, @)
A, LONHEAEEAEATEE (— #0803 m), ms v N
JK FH B2 ML A 1 M B, m/ss O A 7K e 4l &Lt
&, kg/hm’s w VRARZUE &2 0 & 5 30 (R 7

y=0.016 2x+2.545 9
R*=0.987 8

liquid fertilizer

Ll NS T VS B S Y e

Average mass flow rate of

TARAEF 3 B R (g s ™)

0 27 54 81 108 135 162 189 216 243 270
AL B 1 1/(°)

Steering gear rotation angle

E5 RetEmfESREEREEREREXRE
Fig. 5 Relationship between steering gear rotation angle
and average mass flow rate of liquid fertilizer

BRI EDECHN 32%).
2 TR SHERW
2.1 EHIRGRE
BE RN MENLFE T N w, 05 IR IR N
o, I N, HATHIL TIERIE AU, AFEH
RS RIS, BORWIEIRAS S 0, UIAER:
w=k U, (3)
W' =kw=kikU, =dp/dt, 4)
K, kAR R kRSN .
Bk = kikoy XF3K (4) BEATAL S, W15
p=kUit -1y, Q)
K, 2o A E TG AT UARAT I -
X (5) AT P R B AR R, 45 B4 RS
FE 3 RN :
kU, 1 _ —tos + kU,

Go=—F-T=—73 (6)

SEPRRGEH, U=6 V, MTHw =69.89 r/min=7.28
rad/s, EEHLE ZEER A 0.005~0.010 s, ,=0.010 s, U
3 R B TRT A A -

-0.01 2
G(s) = 0.010s+7.28

2 °© (7)

S
2.2 1E# PID %1888 1t
AT T R SR & RGRPLAN TR
71, BT PID Svkd sl 2 45 i 6 fr
TN o AEUR PID 2 ] 45 S A W 00 5 R HO e L 2% 1 it A
5, H S H AR L, 145 3 A 2= (e) AN
1 22 B AER (o), MK A0 4 20 U8 57 2% S i 1 4
PID (¥ EEB R 5L (k1) R0 REL (kyy) RO B2
(kqy) » F2 2R PID VA5 85 04 H & [U(0)] » %
AL AR 2 8 7 Tl P, S R VAR A I A it 4%
Hil RGSHUN H &R



H4M BRSO, S KRR AR AL AR B I T Rt 5 iR 581
> RECH I 1 25
Fuzzy inference adjuster
LITPN Akl Ak | Ay U ,
Inl v ¥ HLHL 5 1A 71 1 it
put e I e
—— Ut TFEZIHTT R 5 Output
PID &t a5 "> Opening adjust system of >
de q PID adjuster ¥| YPeIing acqjust sy ”
T » electromechanical flow
regulating valve

El 6 1=# PID $=H| BR G5 HHEE]
Fig. 6 The structure block diagram of fuzzy PID controller

K HHE A5 M 45 ) 2 A T 5 AR R &
gy teto2 T, g PR AR UL (R 1o e BOKI, A
TRAERGLRA RAFHIERERVERE, SWEEBORM &y A
BUINE kgy» [V T 75 15 FR 495 HE IUROK e O B A

SRR 6 5 FiT, BB NI ke {24 e BONET, AT
15 25 90 L ARSI RSN R B B R
AN Koy BABSE S Ky R g 1925,

R/ OEMHEHRN R
Table 1 Rules table of fuzzy control

eC
e
NB NM NS Z0 PS PM PB
NB PB/NB/PB PB/NB/NS PM/NM/NB PM/NM/NB PS/NS/NB Z0O/ZO/PS ZO/ZO/PS
NM PB/NB/PB PB/NB/NS PM/NM/NB PS/NS/NB PS/NS/NB Z0O/ZO/NM Z0O/ZO/PS
NS PM/NB/ZO PM/NM/NS PM/NS/NM PM/NS/NS ZO/ZO/NS NS/PS/NS NS/PS/ZO
Z0 PM/NM/ZO PM/NM/NS PS/NS/NS ZO/ZO/INS NS/PS/NS NM/PM/NS NM/PM/ZO
PS PS/NM/ZO PS/NS/ZO Z0/Z0/Z0 NS/PS/ZO NS/PS/ZO NM/PM/ZO NM/PB/ZO
PM PS/ZO/PB ZO/ZO/NS NS/PS/PS NM/PS/PS NM/PM/PS NM/PB/PS NB/PB/PB
PB PB/NB/PS PB/NB/NS PM/NM/NB PM/NM/NB PS/NS/NB Z0O/ZO/NM Z0O/ZO/PS
1) e: #IEF M £ ;e FREE M £ TALF
1) e: Deviation of fertilization amount; e.: Deviation change rate of fertilization amount
o
kpr = kyy + Akpy | (®) K= ﬂ, (14)
I
kit = kl; + Akip ©)
o 1 KpTp
, Kp = , (15)
kar = kjy + Akqy, (10) T

A, &y K Ak, 70 5 04 PID 55 48 4% 2 8 W14k
{8, Akyy Ay A Akegy 73530 R AE0R) 4 19 5 4% 1)
3 M.

K W 5 B 451 52 92 3R A5 i 5 EL B FE (6 ) A
I S 4% 5 J8 A (Ty), #2 I BLR PID #2456
A3 13 2] PID 4% il 4% 19 L 41 & B0 4618 (Kp)-
R RBVIIRME (Ky) T R BT AR1E (Kp) 55
7;/%%[[28]0

1
Kp = , 11

P 176k (1)
T1 =0.5Tk» (12)
Tp =0.125Tk » (13)

X, TONRFERTE], Ty AR5 F IR, Tp 9oy i
8. #Z50 (11)~(15) T, 53 PID =48 ZH0N: K=
0.44, K1=0.0097, Kp=0.3, H1 A & R PID 42 il
WESHAIIREN: K,=0.44, k/,=0.0097, k};=0.3
23 HERESER

15 H R 5 % ] Matlab % (2021b i) Y
Simulink {/; FLAHR 4% i) 2507 BRLAL, Wil 7 B
TN o P R G0 1 A [ R e AT B2 RN ] 8A B
o PID 425 il 2 P i . fth 2% 348 18 &0 42.90 %, 5
BFTE N 4.44 s, FaZSIRZE N 0.010; B8 PID 2 il 4%
1K) Wi 87 T 28 7 1 B 0.12%, PRTE TR 2.51 s, £a
BIRZEN 0.007. RWIEHR PID 2 fe K15 H AL
AR 2 TERE .



582 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

44 3

—0.010s+7.28
L ——

SZ

? PID(s N —0.01(254—7.28

]
JHJ
[0

7 ERIRGHERE

Fig. 7 The simulation model of control system

— B PID — MkfE 5S4t — PID
— Fuzzy PID — Step signal output — PID

[A
1.4+
el
1.0

0.6

EReg

e

B ERA

0.2

T th
al output
RN SIS

NS
sign
o
>

tyi/S
Response time

B8 BLIMER (A) FUMFHRKA (B) BN B E
Fig. 8 Simulation diagrams of unit step response(A) and
impulse response with interference(B)

DDA il 2 52 B PG O, B SR E AR
SEFEL) 7 s 4TI 1 AMIEAE Y 0.5, FFEERF(A] 0.1 s
() T H Ik v, 428 i) 5% 4 e 4 3 45 SR i €] 8B BT
o FEMANKIME S 25, B# PID 4] R4t 5
PID #& il RGII KA T RAL, PID ) 2% 1 1 55 15
(65 1.67 s, B PID 2 il 45 (1K) 51 E] 5 0.61 s.
F O] PID 45 il 72 3 A S0 [A) 9, REpR i [ A £
A, BAHEBRPPTI6e

3 MRERESER
31 REHE

F& a3 7K R W AR BB AR & B 36 & (I 9).
P 7 A B AR it FH 2R G 45 A 2R R O PG6 e A

TR RS
Flow regulation
control system

8 Pneumatic ejector ’
‘ fertilizer applicator |

.

. N
.F/%ﬂ%%%

9 RGMeERBTE

Fig. 9 Experiment platform of system performance

AKHEABR AL, MERTERH RS E T Hhl
AT S, K70 51 5 QR AR % 2 B AR Ha B LR, it
SARGH T RN R SR AL B T
B\ i )32 R SR S A A, R AR SR
5 R R A NS & B BT R EE Y
B A R A & A RS A IS (R E 5 R
32%), 435l K Fl PID AR PID F il #5 % ¥ 44 i
A it FH 28 45 1) JOT U 3 4 o R 8 A PR R E A
ITIRIE AT L

PAR 5 12560 B 1 100 Y A B i 2% A 1 9
2.36~6.75 g/s NAKHE, B i 5 H R
5o 7E/K AR AL LB 26 1R T R 5 001 & I
%% 714 0.3 MPa, 7F 2.8~5.0 g/s JilE N ¥ E 10 Fh
E b e JEL SR IR 2R, A0 5% 3 min P AEFRT E B it AR5
IR bR AR =2, BRI ER
3 e S geit &R H b IR B i AR 8 SRR
S AR R R R (g,) M FIYIE (qm)s gm FIXT B AR
it JEL BT R () FOAENT R 2 (Aqy)s AR B
HAEHIEEE (P). HHARWT:



B 4 ]

BRSCHK, 5 KRB A AR it R 5 R g i 5 il 583

3
gn=>"ai (16)
i=1
Agm = 1qb — gml » (17)
~A
p=2"29m  100%, (18)
b

AN 5T S 2R AE TR G 2.36~6.75 g/s W T
e B FRAEG, DUSS U 4 IR A% it FH 3R 40 0 =i 26 R
EEPERE . BARTTE g AT HER LR EE N 0.6 mys,
W AR B I 110 0.3 MPa, 1 #8HL H 37 538 1 1R A
FFEE, Jeks i IR R 2R 0 FHi 2 3 g/s, BRI
RREFRHMN 3 g/s FHEZE S gfs, R FRE G
NN 5 g/s BEAKZ 4 g/s, LA 1 Hz SR AL S0 i &=
WE, BHRKES 3 K. M3 WA RN RERER

SGREER R HE [R] JR R] Ve R R FR S 2
TELAE A o I R R P BE VPN FR b

32 HRENH

3.2.1 REAREAMEE FEREEHEER
IR BANEE 2 Fion. 1E 10 Fh HAR BT EIRF LT,
PID il (1) i S AR A8 %) 1% ZE JE D 0.20~0.35 g/s,
BORA PID 2 il 1 5 2 3 28 4 0 = Z=2Va O 0.15~
0.19 g/s; fE%& H bR ETFE KM T, KB PID
2 1) () JoR B R R 4 X 1R ZE I T PID 4571 o M F2 61
5 FE A1 FE LU, PID #2105 B f e o 95.21%. 5 AIK
49 90.00%, K PID 4% il K FE £ =i o 96.88%- i
K4 93.93%, FRAARSCR TR PID #1H R4
HL A v 1) o B A AR RS B, RE A B L b A2 H
[t AEAE LA M RE K

#& 2 1R PID 1 PID #ZFH R G R R ERFITHEE NN ER

Table 2 Experiment result of control accuracy of mass flow rate for fuzzy PID and PID controlling systems
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Target mass flow rate PID Fuzzy PID PID Fuzzy PID PID Fuzzy PID
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3.0 2.70 2.84 0.30 0.16 90.00 94.67
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Fig. 10 The tracking performance of mass flow rate
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