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Design of predictive active disturbance rejection controller for turbidity
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Abstract: Turbidity process, which involves complex physical and chemical reactions, is difficult to control for engi-
neers due to its characteristics of large time-delay, uncertainties and disturbances. For this reason, a novel predictive active
disturbance rejection control (PADRC) strategy is proposed, which owns the advantages of predictive control and active
disturbance rejection control (ADRC). The ADRC part aims to estimate the total disturbances, and cancel from the control
output to deal with the uncertainties; the predictor part is adopted to predict the output to compensate the lack of data
resulted from large time delay. The performance of PADRC has been analyzed in detail. In addition, a general method to
solve the open-loop frequency parameters is provided, as well as the parameter tuning equations. Finally, simulation-based
comparisons of PADRC and three regular control approaches has been made. The results show that PADRC has a better
performance, especially in set point tracking and disturbances rejecting. Moreover, PADRC is simple, practical and easy to
tune parameters, thus providing guidelines for industrial applications of similar systems.
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WL #% (extend state observer, ESO) LASZIL Sy (¢) 1 [F]
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PADRQ), H:%J i it S s i (S P AT 1 E 4 Hb
HOR - HT AV BT, 45 T IR R Gike e BRI
AR shVa , Z BRI SR T — e r Rt T
BF XIS R4, SCHk [10] 383 3 T —F A 5% (a
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MIPADRCHEEE I AH R R E LS Gk, RGTEAH
B BT 2 7 o B3 RO A AN [), AT S IR R B BB A
PADRC A, it B LLADRCHi NI it 5 A
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05 BLROR . (HZ A BRI E R B e, 16
BHSG—HERIE S RS2, [ H R
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PADRCH VL T AR 4> M1 il AR R S50 2 A 3,
A FLR T RF e A HURE KR I frd AE vp, 73 81 —Fh
T2 F T 3 Bz .

2 HPiP 3 A& JF # (Basic principle of

ADRC)

S ADRC 3= %2 H BR R 1 73 95 (tracking differ-
entiator, TD). R 7 & 7 J= 13t 4% fill £ (state error feed-
back, SEF) F14 f& IR 7 WL I 2% (extend state observer,
ESO)3# 734 . TD A= F SRR I T 7, DAk 4
TR ZE R RA . 3T R4 & LA
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K FHAH R 48 il R 2 A P MG 5 HAME R RSN R 4t

aj= AR

AL LA — B A I i R X B N, S ADRCJER
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y=0CX,
Z =AZ+ Bu+ Ly — 1), 3
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A=

ug = ki(r — 21), (6)
O, by LB SR G 75
3 T B P s 85 (Design of predic-
tive ADRC)
3.1 @A H (Proposed question)
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K b
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gy, JORZS TR Q) Mg ARS8 ESO 77 F25K
(3) 7 sz Ayl

X(t—7)=AX(t—7)+Bu(t—7)+Ef, ©
Yyt —7)=CX(t—-7),
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ADRC)
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Fig. 1 The diagram of Smith predictor
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A, Al 45 Smith THUAik 2% 75 BR R A7 W) F 941k 452 284 e
VER RS RS BRAME L bR, B PTARRESORR
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Fig. 3 The cascade diagram of PADRC
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3.4 SHUEE (Parameter tuning)

3T ADRCH %P ADRCHIEH, ATHZ 4L
G—RIMAby, we, wo3MZHL, HR/NBERT 5 R
Fetka, b, 7. X T A —Fr e ADRC, %2815
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T4 H R AR N AF AT Z2 800N, {EURH D0 B g 75 RS i
) () E5e3  UK

XTI RS, cBUL, Blbg = DBt (HXT

ARG, FAEbARH /N RS, it Gz il
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S8 e, n, m] R E J7 IR TR & AR B AL
SENREEE , AR Bt 22 70 AL S5 (DE) KA
1o, etk Resabr et Hoy 14
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b KRR NSH e, n, m], My NEIHE, Ex
RS RZE, t IHERTTE], ¢, 9 EFHITTE], € 0.8,
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PADRCH= i, AR 22 50 HL A 5K B i 4 P A
BN, QHT S c—BH2; nfE(1 ~ 3) WL
{EL, ISR FEROR, nfi/IN; mAE(2 ~ 5) N HUE, i
PR LR, mEUE N, 5 2 1SPADRCHI S 4%
bo=2-b, we=(1~3)-a, wo=(2~5we
(28)

SRR R Hh ATAR R FLAAO0 G I A A 24
a, b, % 20(28)45 th (1) # 5E A K i FEPADRCZ £
WA, SR EEWE B AR B FR bR 2 SR M
BV Ry SEEINT R G R R A4
4 R R 47 B B 58 (Simulation studies of
turbidity process)
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S AR PR I AR R L A ASEANL AR PR A Lk, ARSI
AT R S B b R SRR A B SR R AL
R BAACPEONR: FEFFIRE DL T, ik N THREAE
RGAT RS, A ML AN S H0N: Rk
N 7.5 NTU, J57K L 4.8 m3/h, 35 il % HE
44, R AN 11.04 mA, g siiE 420.9
Hz. 2R J5 K42 il 2 HH 3G N 21049, 75 RG0A 2B
Fazs, SIS 3T AR S T AN 400 S f i
N11.84 mA, B AT 48 AT % 23.3 Hz, F5 I8 K Ik g A
5.65NTU. ¥4 20 s HHa 347 FEE AR 4t i 22 i HH h 28,
RV AT SR A48 24 B3 07 1 PR UL B A A R L R
T AT AR T IR AR, P SRAG A 2 ek 77 1Rl 1)
T AAE A AR AR e 138, S 23R AR AR 8 K I

RE R
K 0.85
G — -Ts _ —1800s 29
p(9) = 7 7e 12005 + 1 » 29

HAEA S Ha, b5 Na = 1/1200 = 0.0008, b =
0.85/1200 = 0.0007.

Q29 EHZ R G EA AR . KAy
PE, N2 WK R R B o A 5 AR A Bl A
WRGA T Pz NAMLE) 2, TRIHRH B 3 Bk
P AR 1 Z i A

A, 72t = 10000 sAb it S AL B BRI 8). IF
B AZEEA T2 4 FIPID &% . ADRC S22 A1k
[4] 47 H 3% A S 1 8 5 PI+Smith S0 3E47 LU
PADRC, ADRC I PIDR F{ A S5 3.4 i - 4407 1
e SR, Pl+Smith (1S HCR H STk [4145 H T8 5e
SEA.
4.2 FRFREERF B 45 B R (Simulation result of

nominal model )

TEFRRRIE AL, 4R EE IS H0R 8 45 R DL
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Table 1 Parameters tuning of four controllers

Bl bk <ol wolKa)
(rad-s™1)  (rad-s71)
PADRC 2x0.85/1200 0.0024 3Xwe
ADRC  3.2x0.85/1200 0.0016 I Xwe
PI 0.45 0.0003 0
PI+smith 2.28 0.001 0

k2 48 H TR B IARLR ARARER T)

Table 2 Frequency comparison of four controllers

gy S0 Y hr G A

il 2% . e
(rad -s™1)  MRFEls  KRFEI()
PADRC 0.00274 445 69.9
PI+Smith 0.00147 1220 103
ADRC 0.00038 4430 96.4
PI 0.00026 6280 94

F 1-2 BiH: PADRC [P #5717 9% /& ADRC [
WL 25 45 T8 (345, 5 BUE b IR/ 5 2, H I 5
AR AR, HPADRCHH b H At 354425 il 2% e K K42
RGN R (H PADRCIHAS B FIAH A2 A5 5
/0N, HIONTIST A RRURK, B B 7 el A A

W RIER I SHCR gl 2 A ) 25 ke
(@)—-(b) 7. E6MFR 12483 BH: 75 Tl AR Y 55 51
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Fig. 6 The step output with step disturbance (nominal model)
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5, e FPADRC E A FIPI+Smith £ il 284 ] i
HE1220 s. A EISS5 K, fEbo TREFANZRIE DL T, I8
/INPADRCH5 il 85 5 9 5t T S AR BESG AN, iy
13 2|PADRCHE | 2 8 KIZHUN: by = 0.0014, we=
0.0012, w, = 0.0036. B ZHO M. KT AT K 48 b5
a3 59l N B A BE 1220 s, % B AT 2R 0.00122 (rad -
s™h), MRS EE8S5.5°.

J& T 5543715 S 30 B AN 55 4.4755 I ¥ 578 R
TEOL T P EFRIAIE R I S 4
4.3 S RSEIFESE 05 B (Simulation resu-

1t with parameters perturbation)

TR AR ORI, N2 g N, X GRS
A 34 D0 15% /e A7, 38 &8 36 4%, I i 9% 3.3%. A
PRS- BT R, B8N 2 50035 3 Y Lk BT K,
B 38 25 3 N20%, 151 (R 38 h130%, B s
(18D T %, 1531 22 G AN ) 28460 H Q0 B 7 BT s
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Fig. 7 The output with step disturbance (parameter
perturbation)
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increased 20%)
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