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Abstract: For a class of continuous stirred tank reactor (CSTR), an adaptive control method based on extended state
observer (ESO) and backstepping method is proposed. Meanwhile, continuous action reinforcement learning automata
(CARLA) is used to tune the controller parameters. The CSTR is regarded as a non-strict-feedback nonlinear system with
uncertain functions. The extended state observer is used to estimate the state variables of the system in real time, and the
uncertain function of the system is approximated online by that. In this way, the system is compensated as a linear second-
order integral series system, and the backstepping controller is designed for it. The stability of the system is analyzed by
Lyapunov stability theorem, which is proved that all signals in the closed-loop system are bounded. Furthermore, CARLA
algorithm is designed to search the optimal value of controller parameters rapidly, which solves the problem that a large
number of controller parameters are difficult to be tuned manually, and the control quality is improved. Finally, the simu-
lation results verify the effectiveness of this method, and the superiority of that is further proved by comparing with other
methods.

Key words: continuous stirred tank reactor; extended state observer; backstepping; adaptive control; parameter tuning;
nonlinear system

Citation: WANG Suzhen, XIN Cheng, SUN Guofa. Adaptive output feedback control and parameter tuning for contin-
uous stirred tank reactor. Control Theory & Applications, 2021, 38(10): 1587 — 1596

1 358 FI AR P LR 2R 520, G0 S SR FE AR AL, Bl
4 4 $F &S % (continuous stirred tank reactor, N, M AIVRIRARAL AN S, (15 CSTREUA A B A

CSTR)) 12 N FAL AT, HrE R B Resemifb 2t e smARZRME L AR FIPE RIS A8 P S5 A A s 2 (1A
MR R RS RE Y 22 etk st R U nies ME MEREEZR R B K T ONCSTR RS i i H il 4%
N ERE RN R, TESLPrd e, T2 MORERE. BT DL R A, 2 R A OB RIS

AR H3H: 2020—10—25; 3 HIH: 2021—-04—28.

T38{Z{E# . E-mail: xincheng0409 @ 163.com; Tel.: +86 17860776963.

ALTHTIRZS: FHR.

EXR BARIAEEETIH (61640302, 61703224), FIFRGRABIHTIH (GC202010429061) 7 B

Supported by the National Natural Science Foundation of China (61640302, 61703224) and the National Innovation Program for College Students
(GC202010429061).




1588 oW o#H w5 MO

538 %

CSTRBCHHZE B G AT 1 A BIFE I FOR, SCHR [1-4)
FE K SO S I 2% AR 25 G A E S i R A
il FLrb oSGl (214 H— AR TR 2 SR B R
PRZFE 7732, FIFIRBR 2 ST 20 2 Gt R Ak
2 A R B 2 3. SRR (52 T R ) B R O
CSTRAGL T 1 1Y) OB ik, A i 2t vl
HITORIG I 35 1) SR, SOk (6158 T3 B
[ J RS S AR R Tk, AE— e ik
H VEEEHRIE, 25 7RG EEME. LSO
HH R SO 2 BOR IR 4 I 28 400 & CS TR I H 45 Y
PR AEAF LML R AL, RS HOE 2, N T R
AMERITHSLRA, BFEAR T RGHIPTILTERE. LEAh,
SR ER EIERE 5 HE RS, Bika AR
AR RN 1R AL
H $t L #% il (active disturbance rejection control,
ADRO)MIPE AR 2R 1 22 42 ) o] /B o A7 AN 1R 22T,
A R LR T CSTR A . £E3CHR (717, CSTR
B AR N % i N\ % % (multiple input multiple output,
MIMO) I ARk 1 R 5t RSt N A7/ER &, ADRCAE S
B U T X CSTR R G P sh Al R ). Sk (8141
FHERER T 2 AT SRR 0L I 5% 250t 48 S PID SR,
FERHI T CSTR IR F2 ). ADRCEFEIER I, (HH
RIS VAR 2 KIS 3, A2 TN, e
BOE SHUSONMERR. SCER (12188 T 5 58 S H0E € U7
%, OJFESE TERBEAR, Wil VALY RS
MIFS S HORE, RT3 B 0 R g 9. 1
JUSE, N TR B8 858 07 i+ 0 3T, 0 it 4% 5
VRIS RO AR . SCER (15145 T —
Tt T BALEIE RIS HOE € %, ] =Hikie e
&K E BT, B B BT R ). X
R (191 T REOL AL S F Tk BE R8BS B edl
PRI ZHUREE, TR T DU e 3 o ALz sha . 5
TR BRI 25 R I A S I ()L R /N
BAREARZE /NSRS, BRI N TR fE e
TIENAFAEA R - AL BRI SEIUBON BB, 75 25T
S ) REREAT S B RN AR, I HLA 52 45 AR T IR 4
TP R e 5 KL 7 T SR 25 2 B N R B AL, R
AN T TR SR . % 2 B AF 9 AL % 2] # (cont-
inuous action reinforcement learning automata, CAR-
LA 2T gy HowellZ5 N B IRIR H, IR T2 848
FE. SRS M AR T 5, DR BRI R
R BT, B IR B ASIE R A B AR AL
FHIIEATT IR, £ 88 S 2] 25 R T REN L A,
NP S5
ARS8 D i FIADRC# 1 12 i) 8%, 9 91 A
CARLABREEE 1% 455 8. ADRCHI SR
ar TN R GURSFIAR FAR LML R 2, A EL A 5

15, BEREAERA A TH AR AR A 4y, tHFRR T R4
SRFRFE. AR, B — SRR 2R MR PR I o 2 e 2B
PG SRS, B T ST K
R, 5% J5 K FHCARLA B, S 2 1) 2% 2 $ ik AT 8 e
WA TN TR IRE S, 15 7R, X
B i S A USRI IAIE T % TR AT Rk

AL BT A AT A

1) WIS P S N 28 B R AR LR A
HE PR ER AL G A, S BT R M TR A
B T RYORASAS BRI R G ek b v
AT NE RN it ey A

2) AR A U AR DR i S B v
B, IR — R AR LR R e B i 2
NG53R T, B T SH0H K .

3) DA R e MO IREE, 70 S Bk B
RYi R MERI S, Bt CARLASE 1k i 2 8088 5 o
W, AFAIE T SHAE LR 2 SR v 2 S) SR A kb
2 [ERA

CSTRYEA 8%, T S B2 Rl S i Fro ik
g, HAH A FR. [N PRNE 8 i\ 2 v
BN, YRR E G, fE—ElE T
HEAT R A TN, B i i SN s Akt Jswg e
T (I TELRE PR A SN 5922 N VA (RO 7RI, AR ST
WK A — BIE NN S, [ 42
Han M.

#EED

i1

F Cu Tt
------ f2 Ivi %
% () AL % () F 0
RT, | Fy T.
e o
; . HRHCT
g
F T

RS2 VA o ]
Fig. 1 Schematic diagram of continuous stirred tank reactor
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