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Robust Model Predictive Iterative Learning Control With

Iteration-varying Reference Trajectory

MA Le-Le? LIU Xiang-Jie*

Abstract Model predictive iterative learning control (MPILC) is a popular approach to control systems with repetitive
nature like batch systems, as it is capable of tracking the plant reference trajectory with high accuracy and guaranteed
closed-loop stability. However, the existing MPILCs are mostly based on linear/linearized system with no consideration
of reference trajectory variation. In this paper, a robust MPILC (RMPILC) based on the linear parameter varying (LPV)
model is derived to track the iteration-varying reference trajectory. The LPV model is chosen to represent the dynamic
property of nonlinear systems accurately. Robust H., control is incorporated with MPILC to restrain the fluctuation of
tracking errors, with control inputs solved by optimizing the objective function constrained by linear matrix inequalities.
The robust stability and convergence condition of the system controlled by RMPILC are analyzed. The effectiveness of
the proposed controller is verified through the simulations on a numerical example and a continuous stirred tank reactor

(CSTR) system.
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Fig.1 The reference trajectories yr,, Yr,
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R F(t) ifeld

Table 1  Optimized feedback control law

Lk (k) F,(61)

[—46.7539 —24.0899 —5.0529 0.0000]
[—42.9654 —25.0475 —3.7597 0.0000]
[-57.4573 —29.2520 —5.4621 —0.0000]
[-16.9782 —7.8604 —1.2311 —0.0000]
[-37.0429 —26.9746 —3.0976 0.0000]
[—41.3123 —27.2625 —2.9534 —0.0000]
[-54.1913 —32.1226 —4.9777 0.0000]

0 N O Ot ks W N

170 HTT [\DJ /min

K2 RMPILC 5l 2% Bl iR h £
Fig.2 The tracking trajectories under RMPILC

T

IR k

PN u
o O — W Oy

¥

BfR] /min

K3 RMPILC il il A Pk
Fig.3 The control input trajectory under RMPILC

HEK & 2T ?
K4 MPILC #5275 Pl R R 2%
Fig.4 The tracking trajectories under MPILC
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1~ 5 4 ik, RMPILC M 2 Lk e ks 1 IR
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Yr,- X2F R RMPILC R T LPV FAR S A
R R G AE LR PR, B Ot ISR R JE (R8T, AT
PAG T RIS SGE T TESH LA R y,, W5
5~ &5 8 #itik, RMPILC BEPL# IR EE v, , 17 MPILC
KE DA K B 38 AR 22 B, 7R B4 LIRS A g
IR BN BT IR R, RMPILC RA Hoo #58
A AN G T 48 22 Jalk i) 52 .

K 5 4 RMPILC 14 #t MPILC i~ 4-4it
KRB R 22 )5 22 (Main square error, MSE) ()48
i oL, RMPILC #54i]F MSE ik ARk 85 &,
HAESZ Pl Lr s 5 #k, AR,
s, M MPILC 54§~ MSE ) 3L K I 5.
XAUERT T RMPILC 728 225 Bl T e A% PR Uk BR B
EE=Esradiiillied

0.25

02f

0.151

MSE
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ek k
B 5 MPILC I RMPILC #=#]  MSE Btk AS {655 it
Fig.5 The MSE along batches under MPILC and

RMPILC
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Fig.6 The tracking trajectories in the fifth batch when
€ =5.8,10,15
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Fig.7 The image set of Qz, when ¢ =5.8,10, 15

42 {5E2: CSTR %%

TS BN 28 AR G h EAT I E R TR
RATWALE RN A — B . HEHAT 4% 552 IR
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CSTR R Y AAT DA AR R A Y

Ca = E(Cay — Ca) = koexp (F7) Ca
T=3(Ty-T)+ %ko exp (;—?) Cu+
%(Tc - T)
(54)
Horp, SOVIREE T (K) g s, wARRE T,
(K) Mgl . HoAt S50 Wy B SCRUEUE L SC
ik [31].

TE B BRSOV T 12 % Bl
A RE T IREEVERRR L Ca . B33 . Sty (a]
KESERAEZA. h 7Bk RMPILC 738 Wi %
A S5 PUR I RE ST, A0 H AP R E = AR Y
2P, WK 8 PR, SIEFMBL v, . BE3
Bl y., ARBEBIEL ¥y Yo, BT ETHECR,
AT R v, BT ETHNE, JRSERN N
PR, Gl AL A ] DRI AR 4 A
FREFEAR 1225 Pk

R SCHR [32] MR A, FELIERSE (54)
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B, RS (54) WP
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E(Cay — 21 = CY)—
ko exp (W%) (151 + CZI)
B e R
ko exp (M;T%) X
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Yy = T2
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Fig.8 The reference trajectories of CSTR reaction

temperature T'
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pa2(w2) = ko (eXp (R(xz_fTeq)> -

B\ e 1
exp (RT6q> )CA,CCQ

n(w2) = 1(2) ~ 3 (22) + 1 (7))

va(12) = al2) — = (01 (13) + 1(72))

(
g, = Lnl@s) —nzy) 5 11(@) — i)
201 (Ta) —vi(zy) 0 211(T) — ni(zy)
_ 1va(22) —va(zy) | 115(T) — v(2s)
O = 2 1/2(52) - 1/2(12),92 2 1/2(§2) — VQ(&Q)

2R 5 (55) WRARANE (2) 1) LPV RO A
HZ T4 T h

L _ | 08227 —0.00168
e | 61233 0.9367
| 0963 —0.00182
*T | 06759 0.9433
4 _ | 08895 —0.00204
5 | 20447 0.9968
4 _ | 08930 —0.00062
T | 27738 0.8864
[ —0.000092 —0.000097
Bl - ) 2 —
0.1014 0.1016
[ _0.000157 —0.000034
B3 - ) 4 =
| 0.1045 0.0986
C= [ 10 }

PrEET LPV BRI HEEI R, HR s 2
R AR AR R 4L (54) .
A T 23T

17,1 < 350% [|AT.|)? < 5%, 672 < 2.5 (56)

PrE IS E 2 12 3 %h (min), REERSE 2y 0.03
34 (min), HERAK BN 400, 55 Y] 1R S 2% Pk
Ky, TEE 6 UK. BT HIRD N Yry s Yrss
T 8 HRAL M v, . LR 1 BRI Sl i A K
MRk 330K WM ERAE 5. WIHRIRAS K [Ca, T]T =
[0.7mol/L, 340 K]*. H,, Mfig b #iEHl e = 20. FL
HRBUEMEER R E 1. R, WS (42) 76
FRIAEFVEN A (a = 0.9), IR FIRIERE Fi (1)
H Fi(t) = YQ ' ITHEMAE, £HLK Fip(200) 1L

1943
TRAEINER 2 PR,
%2 Fi(t) bl
Table 2 Optimized feedback control law
HK K F,(200)
2 [-7.8076 —12.6079 —7.9428 —0.0000]
3 [-8.4202 —12.9000 —8.2264 —0.0000]
4 [—7.8744 —12.6839 —7.9521 —0.0000]
5 [—8.9258 —13.1178 —8.4572 —0.0000]
6 [-9.7286 —13.2893 —9.0092 0.0000]
7 [-6.9490 —11.3713 —7.6883 0.0000]
8 [-7.5195 —12.4532 —8.0074 —0.0000]
9 [-7.7803 —12.6691 —7.9535 —0.0000]

E 4 gt MPILC f EH, & #H m = 10,
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>y RMPILC #1 MPILC #:2#%1 T 9 iR & il 6.
A8 M) RMPILC 42 il % A @0 & 10 frzs. W]
PLAE H RMPILC M % 2 itk JF 46 5t v DA UE
o oy, HAEHLIR 6~8 BB W% A B IR ER
AsAp k. m MPILC EH 24tk 5 A feR s b
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ok & 2 5 1) /min

K9 RMPILC #5 FROVHLE T 225 Pl s £
Fig.9 The tracking trajectories for 7" under RMPILC
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Fig. 10 The trajectories of control input 7. under

RMPILC
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