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Simulation and Analysis of EC Value Control System
Based on Improved Smith Prediction Algorithm

SHI Junchao, ZHENG Weigiang, ZHANG Liping, ZHANG Wenjie, LI Kuiduo
(School of Intelligent Manufacturing and Modern Industry, Xinjiang University, Urumgi Xinjiang 830017, China)

Abstract : In order to make the EC value control system more stable and respond faster, a feasible strategy is
provided for the actual EC value control system. Based on its regulation process and characteristics, a second-order
mathematical model of EC value regulation process with secondary mixed fertilizer characteristics was established
and described. A combination of fuzzy PID and an improved Smith prediction algorithm was proposed to control
the regulation process. The Simulink module in MATLAB software was used to perform step response tracking
experiments and anti-interference test experiments on the PID, fuzzy PID and improved Smith control algorithms.
The results show that: 1) In PID control, the overshoot of the system is 13.068%, the response time to reach the
steady state is 97 s, and the time to restore the steady state after adding interference is 168 s. 2) Fuzzy PID control
system overshoot is 6.989%, the response time to reach steady state is 70 s, the time to restore steady state after
adding interference is 138 s; 3) In the improved Smith control, the overshoot of the system is 0.505%, the response
time to reach the steady state is 57 s, and the time to restore the steady state after adding interference is 104 s.
Key words : control system; improved Smith; secondary mixed fertilizer; step response; anti-interference

0 5135
AT LA e+ S A B P I T S PR TR B | 4R i =) R, ARl A P PR LA
. BARES MR 77 22 L UK AR B RIS AU | BT VE = i, R MR g0l

« ks HEA: 2023-09-20
EEWM B Fiisdt /R B8 XTI E S A 0BRGN TR AR 525 &M 4" (2022B02028-4) .
TEZE N ARE (1999—), 5, Bi+A, NFRHERIEAHIG , E-mail : 372986804@qq.com.

T IBIWESR: sk (1979—), Lo, W, AR, EENFERER AT, E-mail: Zhlp@xju.edu.cn.



5640 AR, A5 HET U RIS mith UL L INECEIEE RGE 05 15704 757

XA I 1 A 150155 T AR DR AR S T R, ML 585
e, M RO KAl 16K 5 AR £ RPN R SE 2 MR, T 920K 1
B BRI,

ML (ECH) TEAE R FI TAEIO K W TS 00 2 SR
R0, XETAEBIOBR TN LA TR L. SV R EAT IR R A | 25 R
RGBT I Moon S5 05 FFTE IS8 RO 61 -4 AR 1K 2 JEiBC T (7 B , 7563
FERRH D, W50 FIIALA S (PID+BEMIES 1) XPECHTHTRN | LEPIDF RN e 0
. Samnsuri 05T LA ESECH | 45258 R RS, AT A Sk R4
X TR SR T, W T FRBRA IS | JOAMIFIE 4 it HE IR S ECH AR BB T
BT FNAIRAES 22 RUELL 1 BRITATA L F AT RO BRIE F B (W )7« Pk A
SERURITIGE. AT TRBr MR RRTE S | Sl BEHIPID B 2 (T 5 X5 REE, SmithBifib
IR ) T BB e . VF 2o A Smith U 38 15— sk R B BB AR 22 LA
FRIEHEBOR RGN LR O, SRR TARAE 725 . A2 Bt M St A
VTG SRR St T — PR TR S A B O BEB B | (R HEPE I B 3. et
SO TSR PID AL I Smich B BB I Gt (TR, PRSTE AT DO | e
(B TN . Baskys™) §i T EOR 00Smith B4 P B SE LR RXERRAREE , M BRI | i
T PR r R AR LU DR B O RIS maith Bk, R MRS T R E R R , 1
SYDRTE TR B X GBS WIB . FLBGIER 050N T B A0 4 St

i b AT RECTI R Gol 5 IBRIBEET R A SRS Smit ST et IR
PHBERIPID b S5 P St P RS T H 7R AR GO 57157 A R R 0 e
Basie bt | AT 2 O
1 AERFENRITIERE _ | [D\

S R L0 H AR AEDIAIS | K M )
SRR RV RLIGIN . SR, 8 Yﬂf?ﬁa

PERGERBERRER 73 . ZKACTR & s o0 A ] rhv oo 2H A MBI, %
PEWETR > T2 KA | LU B IR I AR

J s KT w7 B RO | SC e LRI | R
HEAR . ECER S | TEALZE | Jabi . WAB ARt 1k L I8 E

F1%% . G AL ; Ft 0 R RS | fd
BRI, MR STBR R T X R AT, SCBL A B B 1 RERAEHE
VETRHENE , R4 R Ge 45 ] LIRS

B0 T UG HOMEE A AR AT R | $TFF R RS AGE I 0 F R , IS S R 28 O 4
FH T 354 3 AR O RO v e i), — 40 10 S LI | — 343097 ) A i
PRI B K I B 5 R (AT A L I S L R BT B A ) £
PSR I K T

K I ECE AT | /G5 T W 4 BLsR G PRI AT, o FECHIEFS SR b iR & R
R AT — S HAER | AR UK 750 & FA SIS R R, o i B — 2 i
ZeVE , K2 s .

L2 B S 7 ) K S FR I B 18] L KRS R L 1 R B T, T MBI B P 0 e
S S LA G 3 7, S R T RO RRI 5 K1 S L8 A 74— VR, TR
WP IR A L R T K RIERIR IR A3 S UK Bt 4680

S FL P S TR £ B S 22— 2 O PR W BT B A R R AT A L L2
RT3 , T A RS | WA B | WG . 5Bl |t 1B 2590,




758 B KR (A ARBI A RRIES0) 20244F

o n HOER
Ou(1) Cy ANAEg WIHRER PN
QF(T) |: VF CF M%IZIB
""""""" Qa(’)
e PVi0 PV,Qy S i PV,0, E{
Ou(t) Cy S v
o o ’ PYQ
d
B 2 ECHEmgRE 3 XEEREBLAEE

B S e AL N BRI R AN AT TR AR , ANTHEMT I8, i A5 R Mg ST f nl LIS
S BRI AL f A B TSR A A )

Q=4y/-2 (h+];°) 1)

A QAWAEE, L/s; AJ9MNEARIAL MBI, m? 5 g AETIERRE , m/s* 5 Ao SC I HUE A2 SRR
AEWTH Z (B A BEES | ms Py AWRNEASITRIE ST, Pa; v MRS, N/m?.

SCI AL R 22 I, HEBE AL i & RS MR e A5G, ARSI RE Al 0, W Fs ) A AL 4
RE R A A Y R A5 A BER A 56, IR R ZERUEA 1 BEI e R F— 1A

BEX PRI G AR B A, XGRS o Ares) . B e o — R AL A , ARkl <1
AR IEE AR A, kB ST o) = (2) F15X (3)

d[Vr (1) Cr (t+7)]
dt

=Qo (1) Cr(t)+Qun (1) Crs —Qr (1) Cr (t+7) (2)

dvzt(t) =Qo (1) +Qu(t) —Qr(t) ?

2 s Vi (6) 30 F BRI A S A VR AR AR, AT e RN AR rhs I 8 B SRR AR L Ly Ce () S L 27
WFIRARIREE , g/L; Qo(t) MIASC AL SR A IR , L/s; Cp(¢) MIRICH N EFRRAIREE | g/L; Qu(t) ML
BHRBIEAE, L/s; Co MIERHERIVRL , g/Ls Qp (6) A SCI B IACE MR I i , L/s s o WALES HE IR
R A W IER I H] , s.
5 YRS R, R E A4S Zh A A e
A[Vr (t) Cr (t+7)]
dt

=Qw (1) Cw +Qr (t)Cr (t) — (Qu(t) + Q1)) Cr (t+7) (4)

Wl — gu 1)+Qe (- Qo) - Q) Q

s Ve () R AER N E TR AR, L;  ATRICAR N E FRRIR S IIER I ], s 5 Qu (¢) AU ATR LA 478 8
K, Lfss Cu AHEBOKBOMREE , g/Ls Q) Miat In B EEE AL, L/s. (BT e FIIR AT A A A4
FARAZ , BV () FV ()R E L, WHRSZE (2) ~ (5) al43X (6)

vy AT ((f: 7

ARG PATHUI A L RER , BEAHEREEE AL Q. (1) PT -5 FURE IR TF ARG Y Quro0n N ()R . Quroon 47
PG PR O 2 R 100 %% of SC B U A A BRI AE 3, N () Fs RLRER A TTIRE . 1h T FL 30 5 PR RO BE LA E LB e
A AR AL TR i AU ORI BE Y O, LV KR BEAR LT AR B s, TR 2 AN, K (6)
EESPoF

+Q)Cr (t+7")=Qw (t) Cw + Qs (t) Crs — Vie (@W 6)

d[Er (t+7))
dt

d[Er (t+7)]

Vr (t) +Q () Er (t+7') = Qaroowe N (8) By =Vir (1) ———— v



5640 AR, A5 HET U RIS mith UL L INECEIEE RGE 05 15704 759

TS SR 3o e ) 1 288 e K

G(S) _ leOO%EMQF

VeVrs?+ (VFQW‘|'VFQF+VTQF)3+QQF (8)
25 I, EC{EA i R BAT AR LM R B etk AR o5, 3R 40 32 SR ) PR 2% DRy T TR 78 1 i ot A IR B
2 IEERE
Smith k42 i — e T R 5 RAIRVE R G, B4R R F FSmith FAGEHl I 258 1, EIrhO(s)3R

INPIDE 2% .
ARG AL 2 R ECH -

G(s)=

C(s)Gr(s)e ™ 9)
1+C(s)Gm(s)+C(s) (Gr(s)e ™ —Gm(s)e )
miEC (9) RN, HEEERUREHANS , FROET7 R Bl S AN ER . REREER BIA SRR, (HREAESERR
T BN GRS A AENE , I HLSEPR s et AR FAG B R ZEBOR , B Gr(s) 5 Gm(s) LA KT
Hro M2, Smith Pl AMERCRIZE . S ) —Fh o R Smith B335, 5 o A ) e A 4]
K5 R () HFRBEETA 5 Gc( VFAEIERIAS 5 Gr(s)e ™ FIRPHERR ;Y () Fom RGURHE ; Gm(s) 3%
INANE RS s Gm(s)e 0 FRGIAMSHERIIY ;14 Tys R RO

) < Ge(s) }_"{ Gr(s)e™*
H Gm(s) }‘-—’{ Gm(s)e™ 0%
L= |
1+T,s
Bl 4 EHSmithFGI=H LHaE 5 BUABISmithizH FERHER
R GL A 1 s RO -
_ Ge(s)Gr(s)e™™
Gls)= 14+ Ge(s)Gm(s)+Ge(s) (1 +Tys) (Gr(s)e=™—Gm(s)e~70%) (10)
MR R 55| A S H R SE 2 ICECRT, BIGr(s) = Gm(s) . 7 =7}, REGAIHIIME L RECH
G(s)= Ge(s)Gr(s)e™™ 1)

1+Ge(s)Gm(s)
I FRGE A O PRAR A Smith FiAT A M2 R 5E.
Ms— Of, eTes — 14+ Tys, WARAE RS R

D(s)=Ge(s) (Gr(s)eT=7* —Gm(s)eT47™*) + Ge(s) Gm(s) +1 (12)

Hi (12) AIRD, SRTROPERTT A5 AT LAGE AR AR R GEAR I , BRI PASAMERMET , O H ST U
T8 I AT AR AR Dy i I )
FR G 77 A AL Smith TVl 12 Hil RIS PID A2 il , BOH A AN ZORAT RS ARz e AR, DR O o] LAGE
T AR AR A IR T AP ] 27, B EGR A E . O TR B B A IREASCR , X TR PID S 6 5
PATPIDSHUR E R OCHE . Bl 2 AR B0 s , RGEVEREMUS , [H = 2RO il P i U 4 i 20 HL
JRAER , FIEFIERE S 2T, IR GER ] —4eOm il g , HAETEREDT AL T—4EBOM 42 &% , 12 &
Gias iR . RURIPID s i 25 f AR5 i 28 FIPTDA& il R 4 A, HLFEA S HIAE (&1 4Nl 6 s
B PIDFE R S H U e AR -
K,=K,+AK,
K, =K +AK; (13)
Ki=Kqgp+AK,

e K, o Koo K BB SR He il BUY | B0 3R E Kopo Koo Kao PR BGERTHLH . BU> | B0 R EL



760 TRt (B SRR 3 50) 20244F

Bk fEBORI1L
p 1 AK’I, i—"_,"nf AK,
I T PV oy |y
— Rl |25 [ AR
| dear e[k ], B ok, f ==l ak, | 8
IR 3 I-L

E 6 #EHPIDI=HIRIBER

3 HESHH

TEERORIE S PR 2 N AR CY . W R 2Ze (HFRECIES SEPRECIH AR ) FIIK B I 22 2 ec 5 31>
b W RECBEAK, . U REBUEEAK R REBCEEAK ;. i A SR 3 70
FHENB (i k). NM (fird) . NS (fizh) . 2O (%), PS (iE/h) . PM (iEH) . PB (IEK) }#EATHIA,
ORISR % M {-3,-2,-1,0,1,2,3}. 2 A m AL AL B AR 2IE S A2 EREC , Hidefy3EA S5 ¢
H4[-0.3,0.3], eclYFEAIRIIE #[-0.15,0.15), EALK F53510F120; AK, . AK, . AK AYEAIRI 5BE
HF-1.5,1.5] ., [-0.02,0.02] . [-1.5,1.5], FLBIEF400°40.5 . 1/150 , 0.5. FESimulinkfRE H i F T HA XS PIDS 4G
AT AR K0 « Koo Ko 31 01.5, 0.085 . -10.

RABRIIS AR TR E LSS, (LA N B HI1E ), 40:“1f E is NB and EC is NB then AK, is PB,
AK, is NB, AK,; is PS” % #fRule EditorBH i@ 49 5BTHIRIIN . i th i S B3 B HIA5 5 DAl e R I
TS BERRBOR AT . A HIMATLABEAF RO FISKIR G — A ZHERORIA 4% . E7HR.

/ZXXX |

NB NM NS Z0 PS PM PB

(mamdani)

XX
L=

B 7 EEH R E B 8 REERLE

ot i A A R B S | BT | AR
I T, X SR E B R B A TR Sk,
F =1 E R B A T RARCRE | & R A
SO PR SCEE s AN AR R F = AR SRR R
B, SN,

PR G, Sl B , S8
MBIRIEE S, X EEEE G ANRE LG I A R 0 1 00 T "
T AR AL B T OB AR LS 9 BHANGHEE
JEREE 10 PR R EE O ZASER Ak, K T o B 7 1 AR (LS Pl I B S i A\ BB 45 i A i) .
AR ) T L A L 9 BT s

FIFIMATLABXS iR E SRR BRI T 05 L ACH0 , AR SOl it B 33 5 PIDSAE | BORIPID S il 337
HEATRYBRMA N SE5G . ARSCLA60 LIRMEARE (TAEARARING5 L, Hhv, =50 L. Ve=5 L) RH, BEREK
MEQw N2.1 L/s, FEBMEQN2.15 L/s, X EREWELFH TR EQ, A1 L/s, ST BMNELSF Y i R AL
HQur00% M0.2 L/s, HEBHER L F3RIE F,, A5 mS/em, RETHG TIN5 5. K EIRERICAZ (8) NI E M
PR AT AU 226 R AN

ET (S) 0.47 _
G = = 58
()= "N(s) ~ 1162852 1304755 1°

A Simulink B A HPID | AU PID AR Smith L MECEH AR | RGN E AN E107R .

(14)



5640 AR, A5 HET U RIS mith UL L INECEIEE RGE 05 15704 761

047
PiDts 1762857 + 30475+ 1 W/
| | PIDRHIE wEE PD

aiE

.
4’@ . fl »
T _@_ e
TR e my? . wm
W | mwET2 ‘Il.—
” .

047
1162857+ 30475+ 1

e (1)
_'D gATE3 ::l_rv —’E,
HET3 0 — L (
o 1/s ® () & RS
e

SRR wEEn HAmESmith
047 047 |
1162857+ 30475+ 1 116285°+ 30475 +1 |

SINER (1) RN ) B
au 3l
= ¢ \3'-
| wsy (1) <l‘ ER ]
HE

Bl 10 PID. ##HPIDFIBUHE SmithiEH] RFAEE F

MR DL L5 0 RG], B AR E 2R BYERAE S, e R G5 BT 500 s, RE05 BT E N
E1177R.

3r — R 3r — WERIBR
PID PID
—{&HiPID —HHPID

/ — BU#ESmith P — BU#ESmith

2 - 2 —

B2 Bl

=1k 1+ /)

0 50 “.)0 1é0 2(;0 2;0 360 3;0 4(‘)0 4;0 stl)o 0 50 100 150 200 250 300 350 400 450 500
BiE)/s B8)/s
11 RGAEERE 12 MFHBEEEFRE

HEI11A] EDHLA 1 PID R G M Ak, IA8 HAMBERTAE—E4R7 s SIPID R M ERVN, A3 H
PRERTEAFTERR R 5 BGHEAISmith# ] RGUB IR/, A8 HAMER RGE B, xsppasl )y k1T
HARG T, nifgE1L.

% 1 RRECHEBEEATEE R

= B =] Fa A ] B AE ]
PID 13.068% 52 s 97 s 70 s
I PID 6.989% 34s 70 s 66 s
i EISmith 0.505% 18 s 57 s 73 s

AR SO BIE EAE L9~ 2. 1308 BB A e RS, K IBOE JEI5 — BE Rt (8] (M UGA 3] H AR 2.0 75 B 1] )
MRz, 3PP A R MIRY . RGP TSR A R A8 An 32 SO R R B RS e RS A I E] , H
FUATH, Bt Smithia ) R ZME IR 40.505% , FaZSHTIA M57 s, AHLLPIDIE G, RAEFASHIE D T40 s, #
PRI T12.563% 5 AHILBIMIPIDE G, REFASHIAIE/D 713 s, @IRER/D 76.484% , RAiaiTH T2,

R T AR R R, R A BT RS0 s A TGS, BRIk 128, mE12a %, fr
$& 53 L PID ISR PID 2 il S5 8 ) A%, PR B AR

Zi b, e R Smith 4 i ZR 40 A0 i R B (R BE L R R SR RN | R R A | AR S A

4 it

ASCHE e 7 HA R NER ER ECEIRE R GER — B Bra iR , HRAEMATLABH RIS PID |
BOWIPID LA K SGH A Smith P2 i RGUEAY , 5 AT 1 3 i 501k g I R ey 47 L S 3 ATl i s 4. 45



762 B KR (A ARBI A RRIES0) 20244F

AW, PRI Smith {5 i R GEAH EPID MBI PID RS F il HOMARE | Mol S s | B2l 4y, n] s
PRECAH JH% R e H— Tl n] 17 5%

SE -

[1] KADER M A, SENGE M, MOJID M A, et al. Recent advances in mulching materials and methods for modifying soil environ-
ment[J]. Soil and Tillage Research, 2017, 168 : 155-166.

2] XIAO L G, DING M L, WEI C, et al. The impacts of conservation agriculture on water use and crop production on the Loess
Plateau : From know-what to know-why[J]. Sustainability , 2020, 12(18) : 7449.

[3] LIJL, CHEN P, SUN X H, et al. Effects of fertigation strategies on water and nitrogen distribution under water storage pit
irrigation for orchards[J]. International Journal of Agricultural and Biological Engineering, 2018, 11(1): 165-171.

[4] DUBOS B, SNOECK D, FLORI A. Excessive use of fertilizer can increase leaching processes and modify soil reserves in two
ecuadorian oil palm plantations[J]. Experimental Agriculture, 2017, 53(2) : 255-268.

[5] AJENG A A, ABDULLAH R, MALEK M A, et al. The effects of biofertilizers on growth, soil fertility , and nutrients uptake
of oil palm (FElaeis guineensis) under greenhouse conditions[J]. Processes, 2020, 8(12): 1681.

[6] HU X Y, CHEN X. Optimisation of fertiliser dissolution under differential pressure tank during fertigation[J]. Biosystems
Engineering, 2021, 206(1): 79-93.

[7] ZHANGM Z, L1Y, LIU J F, et al. Changes of soil water and heat transport and yield of tomato (Solanum lycopersicum) in
greenhouses with micro-sprinkler irrigation under plastic film[J]. Agronomy, 2022, 12(3): 664.

[8] WANG H D, LI J, CHENG M H, et al. Optimal drip fertigation management improves yield, quality , water and nitrogen use
efficiency of greenhouse cucumber[J]. Scientia Horticulturae, 2019, 243 : 357-366.

9] XUEXY, XUXF, ZHANG Z L, et al. Variable rate liquid fertilizer applicator for deep-fertilization in precision farming based
on ZigBee technology[J]. IFAC-PapersOnLine, 2019, 52(30) : 43-50.

[10] JEON E, CHOI S, YEO K H, et al. Development of electrical conductivity measurement technology for key plant physiological
information using microneedle sensor[J]. Journal of Micromechanics and Microengineering, 2017, 27(8) : 085009.

[11] MOYA C, OYANEDEL E, VERDUGO G, et al. Increased electrical conductivity in nutrient solution management enhances
dietary and organoleptic qualities in soilless culture tomato[J]. HortScience, 2017, 52(6): 868-872.

[12] JIANG Y, ZHAO J B, DUAN J, et al. Automatic control system of water and fertilizer based on fuzzy control algorithm
and simulation[C]//2017 IEEE 2nd Information Technology, Networking, Electronic and Automation Control Conference (IT-
NEC). Chengdu: IEEE, 2017: 1671-1674.

[13] MOON T, AHN T I, SON J E. Forecasting root-zone electrical conductivity of nutrient solutions in closed-loop soilless cultures
via a recurrent neural network using environmental and cultivation information[J]. Frontiers in Plant Science, 2018, 9: 859.

[14) WUY,LIL, LIS S, et al. Optimal control algorithm of fertigation system in greenhouse based on EC model[J]. International
Journal of Agricultural and Biological Engineering, 2019, 12(3): 118-125.

[15] SAMSURI S F M, AHMAD R, HUSSEIN M. Development of nutrient solution mixing process on time-based drip fertigation
system[C]//2010 Fourth Asia International Conference on Mathematical/Analytical Modelling and Computer Simulation. Kota
Kinabalu, Malaysia: IEEE, 2010: 615-619.

[16] STEIDLE NETO A J, ZOLNIER S, DE CARVALHO LOPES D. Development and evaluation of an automated system for
fertigation control in soilless tomato production[J]. Computers and Electronics in Agriculture, 2014, 103: 17-25.

[177 DOMINGUES D S, TAKAHASHI H W, CAMARA C A P, et al. Automated system developed to control pH and concentration
of nutrient solution evaluated in hydroponic lettuce production[J]. Computers and Electronics in Agriculture, 2012, 84 : 53-61.

[18] ZAMORA-IZQUIERDO M A, SANTA J, MARTINEZ J A, et al. Smart farming IoT platform based on edge and cloud
computing[J]. Biosystems Engineering, 2019, 177: 4-17.

[19) MOREIRA BARRADAS J M, DIDA B, MATULA S, et al. A model to formulate nutritive solutions for fertigation with
customized electrical conductivity and nutrient ratios[J]. Irrigation Science, 2018, 36(3): 133-142.

[20) BAN B, LEE M, RYU D. ODE network model for nonlinear and complex agricultural nutrient solution system[C]//2019 Interna-
tional Conference on Information and Communication Technology Convergence (ICTC). Jeju Island , Korea (South) : IEEE, 2019 :
996-1001.

[21] WANG X Z, FANG W Q, ZHAO Z F. Establishment of a model and system for secondary fertilization of nutrient solution and
residual liquid[J]. Sustainability, 2023, 15(3): 1851.



5640 AR, A5 HET U RIS mith UL L INECEIEE RGE 05 15704 763

(22]

23]

[24]

(25]

[26]

27]

28]

29]

(30]

(31]
(32]

(33]

(34]

(35]

(36]

(37]

(38]

39]

[40]

CARMASSI G, INCROCCIL, MAGGINI R, et al. Modeling salinity build-up in recirculating nutrient solution culture[J]. Journal
of Plant Nutrition, 2005, 28(3) : 431-445.

CHEN G D, LIU D J, MU Y X, et al. A novel Smith predictive linear active disturbance rejection control strategy for the
first-order time-delay inertial system[J]. Mathematical Problems in Engineering, 2021, 2021 : 5560123.

FELIU-BATLLE V, RIVAS-PEREZ R. Control of the temperature in a petroleum refinery heating furnace based on a robust
modified Smith predictor[J]. ISA Transactions, 2021, 112: 251-270.

PEREIRA R D O, TORRICO B C, DO NASCIMENTO J N, et al. Smith predictor-based feedforward controller for measurable
disturbances[J]. Control Engineering Practice, 2023, 133: 105439.

JESUSIS,BARBOSA R S. Smith-fuzzy fractional control of systems with time delay[J]. AEU- International Journal of Electronics
and Communications, 2017, 78: 54-63.

RO, 25, KA , 5. HE T Fuzzy-Smith f2 ] 4 195 SRR pHAE R RGEDTIE]. AOWHURAA , 2017, 48(S1) : 347-352+393.
LISS,LIL, MUY H, et al. Research on pH control system of nutrient solution based on fuzzy-Smith controller[J]. Transactions
of the Chinese Society for Agricultural Machinery, 2017, 48(S1): 347-3524393. (in Chinese)

X, WP, N, . BT Smith TN 6] 1R 2= 0 R R et (0], TPERPLE A, 2019, 40(8) : 149-153.
LIUB,XIEY,SUNY Z, et al. Design of greenhouse irrigation decision system based on Smith predictive fuzzy control[J]. Journal
of Chinese Agricultural Mechanization, 2019, 40(8): 149-153. (in Chinese)

&, TR BGHFSmith kI ERME B M55 RGP 0]. B FHOR , 2020, 43(1) : 126-130.

ZHANG L, WANG S M. Research on fuzzy networked control systems with improved smith predictor delay compensation[J]. Mod-
ern Electronic Technology , 2020, 43(1): 126-130. (in Chinese)

AU, AR, TRMA, . EREKIE—RE SRR A O T 5] Rl TR, 2016, 32(8) : 27-32.

YUAN H B, LI L, WANG J H, et al. Design and test of nutrient solution control equipment for greenhouse water and fertilizer
integration[J]. Transactions of the Chinese Society of Agricultural Engineering, 2016, 32(8): 27-32. (in Chinese)

BASKYS A. Switched-delay Smith predictor for the control of plants with response-delay asymmetry[J]. Sensors, 2022, 23(1) : 258.
LIH,LIH,HUANG X Q, et al. Numerical and experimental study on the internal flow of the venturi injector[J]. Processes, 2020,
8(1): 64.

CHANDRAMOHAN P, BALAMURUGAN P, DINESH S. Effect of fluid flow diversion and venturi size on drip irrigation fertilizer
feeding system[J]. Flow Measurement and Instrumentation, 2019, 65: 250-256.

Tk, X, ZBRE, % IR0 SC T B TEACSS SRR ” #EC i RE /0 HT (9], HEREDUAE T R4, 2021, 39(9) : 959-965.
WANG Y T, LIU J, LI J C, et al. Performance analysis of “bypass fertilizer suction” mode of parallel four-venturi tube fertilizer
applicator[J]. Journal of Drainage and Irrigation Machinery Engineering, 2021, 39(9): 959-965. (in Chinese)

2, FRfr, R, A T IR AWM E SRR AR S PIDSARE ST ). Rk T2, 2016, 32(22) : 100-106.
LIL, WANG JH, MENG F J, et al. Nutrient solution regulation model based on secondary mixing mechanism and PID algorithm
implementation[J]. Transactions of the Chinese Society of Agricultural Engineering, 2016, 32(22): 100-106. (in Chinese)
NIRAULA T P, SHAH R, KUMAR D, et al. Influence of solvent permittivity and divalent salt on micellization behavior of
sodium dodecyl sulfate : Conductivity measurements and simulation study[J]. Journal of Molecular Liquids, 2022, 349 : 118186.
PRECUP R E, HELLENDOORN H. A survey on industrial applications of fuzzy control[J]. Computers in Industry , 2011, 62(3) :
213-226.

JIN X, CHEN K K, ZHAO Y, et al. Simulation of hydraulic transplanting robot control system based on fuzzy PID con-
troller[J]. Measurement, 2020, 164 : 108023.

GERAMI SERESHT N, FAYEK A R. Computational method for fuzzy arithmetic operations on triangular fuzzy numbers by
extension principle[J]. International Journal of Approximate Reasoning, 2019, 106: 172-193.

SAIN D, MOHAN B M. A simple approach to mathematical modelling of integer order and fractional order fuzzy PID controllers
using one-dimensional input space and their experimental realization[J]. Journal of the Franklin Institute, 2021, 358(7): 3726-

3756.

RfEmE: kA X )



