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Status and Challenges of Iterative Learning Model Predictive Control

MA Le-Le! LIU Xiang-Jie' GAO Fu-Rong?

Abstract After more than 20 years of development, iterative learning model predictive control (ILMPC) has made
great progress in the aspects of theory and application. Since batch processes are featured by strong complexity, di-
versity, structural variety and high degree of refinement, the existing theories are still faced with great challenges.
This paper reviews the generation and development of ILMPC, and expounds the basic theory of two-dimensional
predictive model, iterative optimization of control law and two-dimensional stability; The limitations of existing
methods are analysed from the perspectives of theory and application, and the issues on iterative modelling, effi-
cient optimization and variable operation conditions are discussed in detail with available solutions provided. The
new trends in the theory and application of ILMPC are comprehensively reviewed. The studies on complex nonlin-
ear system, fast system and off-design system are clarified to make great significance for further perfecting ILMPC
theory and broadening its application. The important future research directions consisting of end product quality
control and dynamic economic control are outlined.
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Fig.1 Development of batch process control

20 4l 90 AR, MRFE T IS R 4 | B (1)
YR, T4 T E - AHIOE RS R X
O SRAR S R O FE A A BRI 18] P 13 0 A2
SR FH 3 AP 3 22 e R 4 i 5 A T Ak e R A T I
], = F BAAE G R e -F15 (Proportion
integration, PT) 2l HEH& 1 3540 A Ji 28 52 il
il (Model predictive control, MPC)!2 B0k 425 il 3,
PR X 2 4 | 0 A e B ) v, (HR i i R
TR A F AL AR <2 =N A R A Y,
M DL R S s St Ot A2 1 oG B e R B ] . L
U R (R BN A AR B A BRI TR 7 7], 6K
R AR R AR ), 7 EAE A KA SR EEA
[F 1) B AR W7 A, SR T B AR
fE5%, T EA A R 256 A Wi m IR RE.
X PR IR B ) B R AN | S5O T A2 ok
R TR S O R 1 7 .

IEAE I HHE T 20 At 80 HEARM, HH
L T LA N A ). et A — Fadk iR AT B R R
PAHT— A7 i A5 5 5 45 B AR 22 42 1E
T BRI FREGE S, NTE PR & RS
FrvERe, A SCHLA IR IX A F R e 4 ik, ILC 1Y
IEAREE ) 25 4 5 L O A2 B B 1 A P L
A, RERE S O AR kG FE SR R ER 1 4% ) H A,
Ik, M 20 4D 90 £ HIF4G, ILC fEfE I
FEPEH A IRAG 72 k0. 2 Lee i 74
ILC R H T REA RN 286100 % A 2E T R A5 )
ILC W R BB 5 21, P RS ER R I BE S,
Lee 54 Gty 2148, ST I AFART) Q-ILC
(Quadratic-criterion-based ILC, Q-ILC) ##&, &
Eiewm 1 ILC fEfL S R R 22 ) e Lee S54E
K FT Control Engineering Practice FJi& L &R
GLRR 7 ILC B TS B LR A, R4

PR T S B B H R AR R R T BT Lee 4%
I TE AR, Ja NS FE I . S804
SE P BEMLTPUAE 0] B, i 7 & Hs ILC sRmg
BRI OO FR (WS i #% S A8 228 L 70 55 ) i, 4
H T MO BIE R ILC SEg P2 gh4h, ILC b5
RN RIIN | 4 22 ) 2 RN 4 IR B S B R & &, R
b 4 H 0 (] B I e e ABE R 42 ) . BT ILC
FEHI TR S T O R AE BR IS A) 25 55 R A iy
R BRI ST T #HER A R HI OC &, Hm A
R FEFRE A MO R ) 1 AU 37 T gl F 45
i), TR T 38 AT SRR PR R R ARz ) S ).

ILC /R F K 4t 0o A2 428 i) A S 388 51 N B4R
B, AH 2 TR 2 AR G ik gl B 4R ) 7 Rk 2 2k T
ILC sttt #2 v, HyshlfE s RAEH T —
ANEFE. FERPIR E ILC 2 AT 4], AR %
PUSLEFFHURE 77, TTIERIE R G PR R e A&
Btk R4 ILC M hil &5 4, aT it I+t
A 22 HL2 T — b A Bep AL B, S B R 1
I I BR ER PR RE R B DRI B TLC A S B i
WA I BR 45 G BCRh 1 o FE 85 B TR B 7
A]. Sk [32-33] 22k ILC Fk S5 &g e f—F 50—
4> (Proportion integration differentiation,
PID) %l S ug &5 &, R ILC WL UGHEAT & E 5
EARE 2] AH 2 PID i) & H -85 i) &2, it
YO FE B 5 (A2 B AR (1), PID $2Hi Jo ik 2 #ix
Ioh R R U PR ) I SR MPC RE RS AR 4
RGBT A SR (PR A B i, 8 24 AT 2 1R
BN AL A H B R F I AR 1 U (B B E O H A
v kb DRV R B R B4 o 7 TR AT R AR A
¥ ILC 5 MPC 456 AMUBEIREE ILC k% 2
A7, TRV AT DA OR 2 v i 35k PR R BRI 2 R, R
TR IEAR S SRS 4z ) (ILMPC) b & #E
U AR 3N 4 (Two-dimensional, 2D) il
B, HEESH W 2 Fros. TILC R 5 2o
DAL K R B A7 B8 i 4 X ) 28 il 43, MPC 7E & ik
PR s T AR SR 2R SR A A H dE AT VR B A S AR AL
BRIl ET IR

INE K% Bone T 1995 4E7E Automatica
T EE RS HH ILC 57 LA 6] (General-
ized predictive control, GPC) 55, FIH ILC )
FoIRe s GPC EE G TR 6l ZCR,
R T ILMPC BIE MY ; ¥ E % Lee 55 T
1999 4-7E AICRE Journal KMt 3L 454 ILC
AR T By 4% 4] (Model algorithm control, MAC)
AL T LR TN 42 ] (Batch model predict-
ive control, BMPC) g, I & JCK ILMPC Hi%k



6 3 Ty RN A AR SRR TN I F S BR  Bdil 1387

2 IEAREA SRR TN ) 25
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The structure and main contents
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Fig.4 Scheme of integrated ILMPC
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Fig.5 Scheme of two-stage ILMPC
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Table 1  Categories of ILMPC
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