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Abstract: Modern large-scale industrial control, systems adopt hierarchical structures, where the advanced process con-
trol, with model predictive control (MPC) as its representative, has been an important level. The two-layered structure, i.e.,
the steady state optimization plus and the dynamic control layer, is dominant in the industrial MPC technology. The two-
layered MPC can effectively handle the multi-objective optimization and multi-variable control problems in the complex
processes. The algorithm of two-layered MPC is briefly summarized. The compatibility and uniqueness of the steady state
solutions for the multi-variable MPC are analyzed based on the steady-state relationship between the control inputs and the
controlled outputs, demonstrating the importance of the steady state optimization. Viewpoints are presented on issues such
as performance comparisons between two-layered MPC and zone MPC, the singularity of the steady-state model, and the
dynamics of the closed-loop system. Topics requiring further researches are pointed out.
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1 5|= (Introduction)

5 B4 T 42 1l (model predictive control, MPC) &
— AT AR SR B AR, F 5, MPCRAA R
HISEETE IR, B i sh 2556 BE# i (dynamic matrix
control, DMC)! | A 7 5 i # 4 (model algorithmic
control, MAC), J™~ S i il 4% il(generalized predic-
tive control, GPC)3-3. Fifi & TR 2 1 3 18 I ¥R A\ B
R, TREEARAKEEE, TS B E Rk 230
H RGBS N T 5 — R e M EE TR
MPCHECAERAATIEE T B2 N R, 1
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S TR IR T TR AT 7).

H AR Tl bR T B AMPC A %0
g s s =, B2 RS (real time opti-
mization, RTO))Z, H[8]JZ AMPC, J&JZ A PID(propor-
tion-integral-derivative) & 3£l #5 2. ARTO KRR
B4 SRR I 5 e s LA SEBL T = L R 3R
TRIFR A PRI RRARR, T H R FEIMPC AR 8 5 e B¢
P 1) A8 W TE v A IR A R K. U G A4 T
AT B I DURRNR 2 S5 IMPCAS 2 1) — o
BIMPCH il 45 1, S 8% 32 3 5 T 42 1 52 AR By SR
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O EAEFERMPCEAEHZ LR T — 25
it f.(steady state optimization, SSO)I}j i, B & SZ I
i P2k P Kl (linear programming, LP)E(E — 1K
¥ll(quadratic programming, QP)FxvfE ) B HIBR,. 5 F
PR ALP-MPCELQP- MPCU2 13! fa st fb i 32
T RERL RS T RS HF R AT e S H
I, BT THEEARANRETMANLR K BE N
G5B JTIE. AR NMEEI A, AR S 5T
REALTHE, T EMPCH T A 8 s AT 32
PRERPE ], TR T 5E Bt Ial . XU 454
H RSO E — 5 T A] BUSEBLX RTOVH S 45 1
W ERER, 75— 5 T m] ASEELMPC Bt B I F2 14 )R
AT,

M Z T, P2 R G ) 4 bl ] Bk 4, (R
P XEH RGN E R AR B R 2 M. L,
TREFARN G0 2 Tz fE TR 2 25K, 4
n, A EEE KA AT EE R M AR
BARFFTE — 8 LRGP 55, — e, X8 1) L
A —A2 BApiAb a8 2 HFRLA i @ K g
FRAEH A, HLIE A A —BE A DL R R v
PRI R 22 B AR 1) RBH 25 2k K02 5 6 Tl 42 )
W 2 0 H FRRRS LR — AN B RN 7
- RAACERAE 10 U i A2 e ] L4y € R H B R
FERATREAT:, T LPERQP ) . SR XA 712 AH XS
JiR 46 1v) R P B DL A P R IR A, (R HCARAEAE 2 T Bv]
FEZ 0. oAb i) 8 R g N7 5 SR AR R AR AR R T R
v0, R Il KRR SRt U B 4 T I HE SEE .
H AT, 7EXUZ S5 Pl fI e 7 AR T2
IR SCHR (ORI AR Y AN s M 5 N B Tl 42
IR 22, TR — A — B HERE R 1) R SRR
(1015 X AR S PUAL B AL A LP R L, 24 22 %y N\ H 3
(multi-input single-output, MISO) A } £ % A\ £ %y
(multi-input multi-output, MIMO) % 4t H 77 £E #5 F AN
e MR TR I EAT R ST, L A3 X XUZ 45
FTRINAE H IE BEEAT T PAL . SCHER (1418 XRHARSR
ARHIRTAT R ) R, SR T R T AT A E S
R RV ERNE. KRR (151047 T BPRASATHAE . £
DA S IR A R CRR Z L HEMPC, 204 T
MZ GBI AS TR E M. SCER [1615FR T XUZ S5 4 T
WU 2 SRS () IR EN LI B 1) L, BHUBZE H T4
RO RRRN. SCHR (17192 1 T 2T ARSI )
P& BV ITEE, FEE AL Bkt T — NME A B
T B 5 B R 8 = 1 1 R L R Bh i 5E ). SOk
(1814 FAAZS H brvH B0 R 030 A8 T 1) 5% . STk
(1914 T — iy XU 5 # 1H: J5 Py DX 1) o 00 42 1) 4
#£(model predictive range control, MPRC), B T 1
RASTMAETA I DR, 8B T—RE
Ak, FIAT A e EE ) e

SCHR (20 PR I AT AT P ) R S A H AR Z H
¥r% B H LA (constrained multi-objective multi-de-
gree of freedom optimization, CMMO) [ @, 3C ik [21]
FECMMO AT AT P i) RN Y i — e R i) e

h TEENFZNHIE LT FHERBIRERN T 28%0E
18, XU G5 TR S 0 T ARSI R, X2X=E
SERTRIEHITE D Re B FEENHE. FEETFR IR,
Ve KILE G TN R AMAE R E S5 DR L F
P Tt T HI A4 2 0 Tl 28 X A s AR T
YRR IR RSO 85 A SRR TSR
FILAENEE R Bie ot BES5REE AT
N XUZ S TR HIHEA TR .

AL EFEFSWT:

c: BHENZRIRNET; e REBIER;

K: PRSI AR, R™: ngERk 450,

u(y): WHIF AL E, v e RMBE =5 H AL =,
y € RP);

s (k) (ys(k)): 8 i N Fe 25 1 O 28 i H AR 38
{H);

Aug(k)(Ays(k)): EHIEATRSE G 2@ =
HASAEIGR);

ury (yrn): FEHEAZZ BT BR = AR =
TER);

wpr (yu): FHIEAZE R _ERR G Em LA R
i) _ERR);

wr(yr): FHEA BB B hr s AR &
RS B ),

UT min (Y7 min): FEFIEAFHEIES B brde/IME B
Fh AR B/ ME);

Urmax (Yrmax): TN B E RS H br e K
HEH A R A E);

Yo B AR PR,

yunn: R ARER B ERR;

W # 4 AR BRSNS AT AT I 3R 2 SR 3
BREL

Q: BeFsHi AR BB R ISR EOERE;

Q: BARERER M) AR AS R B AR AR B
e

R: #Hl \AZ B A0 AR EERE

R: HARERER 1A BASARAIN B A5 AR B
I

V: AN B ROE R IR EERE.

2 ME SRR ) S5 vE (Two-layered
model predictive control)

AN S O G R TR T ) B SR P ]
IG5 ANE XA AR BRI RS AR FRIXUZ 45
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FITTEE RIS, BIr i HE) B T KRS
2.1 XURGHI T RS R G (Structure
of two-layered predictive control)

TR BB 30, DU G M TR A 2 A BT
iz LT — ARSI RE. SCER[2317E /v 4
AspenTech /s ) H HBT— AR 2 T 2 il I 45 H
T =GR P I SR R G2 SR B, DL 1. 4
ZABGEH) H R TR ], XRS5 PRI HIAE R G
) B TSSO —ThRedk. D) RERLER (14
ANZEEFEANE B 5 P A S En ) S A5
Forr, A0 H FRAT LR B RTOM THE 25 SR sl 2 A
N R &R 25 5, H RS AL I B 2 SE B0
RTOVH . HARMIERER, 1EE KX KA BAE R FR Z
ARSI B AR ERERE K. oA at B Args e, i
SACTIREAC A SHAE B S AR Z HTEE A
BEATTH [ 22 5 P RESRAR AL, 1EE R X RO ERAE
AR AFRSMA LT ZENH F, 7T
AR 52 B 1% DL B B AR H ARG IR R E — AN TR
TN FI RIS AL T iR AR X

e e

B 1 XUR ST R R e

Fig. 1 Structure of double-layered predictive control

BT “R” MDiRe R T DR B LI A

BERY AT T, R S AR T A B A Tl
“Pite” setasiith, HIhae R AT Bl TAE

RETHE IRR LS <7 B, “4ihl” ST
M, Koyt F B RN EE, X8, “JEHE" I8
KalmanyEJ, BEIA SCHR [23 1542 H B4 il e & — Pt
TR AT () X2 G546 IOl 42 2, an SR A %
N BRI “E0as” HVE F it 2 — MR IR I8
/T TEUH, BT R TS5 R 2 i R 3R3)
B, “REAL” | CuRUEART . ORI L R d R T
JE I BIEAT

T, G5 XU G AR T 47 i A 28 SR B ] 45
K2 G5 R RO il () AR A T P B

BB, Wit NEEMTNERE 3G, H5%
FEHATHIIARA AR, BT OPCEEE TREA 2041 20 4%
#ll & 4t (distributed control system, DCS)iE A 24§ i
IR AR A S, Hd, EHEA
5 bt B E A E N ARS W E RAFAE AR R
JEEERTINE SR &S H I EA RN TS E, &
AL ERARNE T, AR TR RS
=

W2
Ak,

HB 2.1 EITOPCIE A BIFE RN |« et
H 5 ENE T R ENINAE;

BB 2.2 RSB AR A S E
TR ZE, 456 WP AEREA . R ERRS
THBATARAS AL, BN SKAFEAR ST b ik AR SO0 )
R AL 24w 21 Ak 35 I A R A A g
A RSB Rl A ASASME L JFER
P IS AR B AR S AR A B8 RN R 23 A
Bk,

BB 23 A E IR TE L1 B B 6
A et S BN E 5 0 R INHMECEAT ShaS T, i3k
ITHHIVHE, FR NG R TR DCSTEFRI RS
AT

B, — MGG T XUZE S5 M Tl i Z A &R
G TR E GO T R 3.

2.2 RAEREKXE 5 P 4% $l (Two-layered

model predictive control for steady state pro-

JAE AT RS AL S B A HI T E.

cess)
2.2.1 12 A& T 2 # B (Description of steady state
process)

BN AR I E RS, HRMESh &R

AR BRI R Ay
y(s) = G(s)u(s). (1)

HARSHI

Ays(s) = KAu(k), (2)

Hrp K2 fRRs o, EHMm A HEias
N2 BT A

ury, < ug(k) <upg, k0.

YL <Ys(k) < yur,

TEASSPA AP B 29 R AR L R (P . By
R EBEE ST S, FoE HBGRT A
3R A, R 1Y PR B . AR SR I S B
WS, FEZEEETEFET SR E.
— UL, RSB IATAT, fr AR WL
WA LAV — e FE B O, 1040, B ymn (Yo )i
P& Byunr(Yro), Yoo (Yoo) U2 F 22 & I AE 4
WO HE, X T HFEEE T MR RN 2R ERES, &
AN I E R AR, FER R
UOHAT R A 3.
2.2.2 FRA AL A iR (Description of steady
state optimization algorithm)

% FE S AR A N B A A, RS AL
FEL AT 3R DA T [A) £ B R — e PRI (LP) i
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min J = ¢’ Au,
Aug (k)

s.t. Ay (k) = KAug(k) + ey, 3)
ury < ug(k — 1) + Aug(k) < unp,
yrr < Ys(k — 1) + Ay,(k) < yur,
Hrpe, AIREI NS TNRZE T HARH, B
er =y, — Y(klk — 1), 4)
oy AR Z 5 B AE, g(k|k — 1) kk — 1
45 21 ) K Bsf 220 HH AT
X TR T 20 45 58 i HE € AU TR R, AT DA
H PR EREAR L AL Il R A . BB RTOR i 45 5%
EEAEE N (wr, yr), TR BRI S

. . _ 2 _ 2
AI{IJI(II:) J = (||lys(k) yTHQ + [Jus(k) 'U'T”R)y

s.t. Ays(k) = KAug(k) + e(k),
U min SU(k — 1) + Aug(k — 1) <Urmax,
YTmin < Ysso—1 + AYss < YTmax-
(%)
ZH R R & L EEREVIRTR RS (wo, yo) T
FEBEETAE A (us, yo) 25 (wr, yr)fERAD 3
BT R .
KU G AL A AR A EE R PR e vk A Ui
THZ WICHR [23,27].
2.2.3 REMAKI AT (Feasiblity of steady state
optimization)
RS 1) e 5 D0 A 5 2 2 i N o 1 2 TR
4, BRI T AT PR 10 R SRR (18] h 4Rt T
ALK AR IR BT V2. % R A SR AR 43 A mT
AT HEABRAA AP
FIATYER B AR ATATAEANAEAE, MTBAR far A
LRI YR AR E A R B IUER, K
PALSELIN?, MU T FTAT A E 5 R A R .
BAUEI B anRAFAE AT AT 25 6], WARYE H AR R
15 BIEFER MBI AT AT AR
2.2.4 SEEASA H bR BB 2 H) BV (Predictive
control algorithm with input targets)
LRSI AR B e A e TAE A
BRI St RUZ S5 H T 4 AR
BACHITHE S R S HR AT H A
P LRSS AR, TER L, ZEXUZ G5 K T 425 1
IHESE T 5 B R 5 A\ I3RS B AR E B 4855 10
ANEH AR S H AR b 2, TR TR
E2g | SR AN Gk
J(k) = [lw(k) = gem (k)G + lu(k) — (k) +
| A (K) - (©6)

Z B AR FEOX AT 1 H b s A B RO B EA], K

FEARSCER 3/ T AR,

TR A PRI | S ASURE 1 R o A
A BB DA, A SO AR, TR
Pt Tr g BB 8 T RAEM ARG, RIAER
J2 G5 R T 2 7 P AT LB RER ) To 0 PR TN 42 i
¥, o G T I R R B, R AR I A
2.3 B EHIUR G5 H T2 il (Two-layered

model predictive control for integrating pro-
cess)

2.3.1 PR (Description of integrating pro-
cess)
FRAER 2R ERE, AR E
(1), AP
y(s) = G(s)u(s).

BERD AT R ZLZBEERIRGE T B
— AU ERBR M AR DLCE TS M AR R, 1R
25 I FC B AR5 P AT 48 FH 4 (9 — BB B 2 5
BRANAR T A G HATROR. B R SR
AR M X n, BrAT AR HH, FTEEIG(s) T

— 7118 —T1nS
T115+1 T1n5+].
ﬂe*m—ms e Me’”“”"S
T(r—1)18+1 T(r—l)ns+1
krl —Tr1S k’“" —TrnS
. S—"— A —
s(Tr1s+1) s(Tns+1)
ﬂe*ﬂﬂl)ls e ﬂe*ﬂﬂl)ns
T(7+1)1S +1 T(7'—i—1)ns+1
kml —Tm18 kmn —TmnS
L T,,1s+1 Tons +1 _

WA ET R TRSLERTRE SR RE,
AR IS BB ER A (D EF TN
Y(s) = G*(s)u(s), (7a)
Y'(s) = G'(s)u(s), (7b)
X EAMRSRAIZZRNRSEE;, EARRT
HARRRITAE.
X BN ASEARR YT (a) R FI &8 2 B AT R 2 R/
Ayl (k) = K°Au,(k). (8)
BR, X@)QRER TR LA, (HE X5E4e
— 5 A, FERE AR T (b) fi F £ fE s AT A0 AR
ATFKR, WTCERATIAL.
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AT RIS R RS UL, SCRR (24145 T
RRGTT S, B T RA SO I 2R

VR 25— BB N\ B AR R PO R 2
2. NEHFATLUE A R A ERT BRI T 2 DL 8
W EFHCRE S

45 T T T T T T T T T
40
3
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20 -
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5F
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e

|nE
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t/s
B 2 JE—RR 534 AR B ) A A R T i

Fig. 2 Step response of an integrating process

BEBABU R BRI (s) = 1s,
B — PR R B R G, IR0 T, 24
S (HHTERAEAL I, AEFIAELEBIEIK = DMATSEBL
VR 5. BRGNP 3

1.0 T T T T

0.8

0.6

B

3]

0.4

02

0.0

t/s
Kl 3(a) il LR

Fig. 3(a) Curve of an control input
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0.8

0.6

0.4

02F
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o 2 4 6 8 10
t/s
Kl 3(b) FanththZk

Fig. 3(b) Curve of an controlled output

M3 RT A H, SR s Zh SE L T e e
AR, T A A\ 20— & AR A Ja X EE 3T [0l 2147
AR, HP N RIS R AR AR
RERIAFERFIE. AT BUKHERRE: i T T i 25

HIRR Y, WS LRSS I AN “07 , it Bk R4t
EFABCT R 4R, X B €07 ZAHR 1, ESEFR T
R, AT R R R S TG I TR L
gx LRI, T8 M B N e AR S T R R
Hi g ) — M B R AN RSIEE
HE. XN TEEZMAZREIEE— M),
FOB B ZAE X 25 AR E A HI R 256 1E
%, BRI RETE R SCER[24]. X T & H 2
sy AR B — ) 2 AR BRI R, WS RHX
sofay A B AT IR A SRS ERA R, B BgE TR
KRR
St Au,(k) = 0. )
idn, AP ZEHE, St € R>m ABAIEE
I A AR I 20 AR B, OO E AT 2
A B R AR E B A E. Afl9)E R
b, R OMIHERE LB T By (k). B
THREAR 3 A AR I ) AN AR PRI AR,
Yitope (k) + SiAu (k) = 0. (10)
AT U s AR 23 it AR BAIIR R A FHIIE L.
K10)r] MR UER /SRR RS, ZEXANETER T,
& FHDM CHLyZ: A AR I 350V (1A & SEBAR 23 B HE A
L A A] 5 N Ak g o TR I B, R AR R AE AR
RN _EiZx— R d R e s A M RS
SR CEtEE, R B ARG ERRIFA
A7, BE2H AR S5 i R PR i R i . T 2 PR 2 A R AR e gk
T baREsE.
A ST A I SN A P A 2R 8 2 FR A AR 43 i
B R BERL HNBEZ AL REHANT “IHFERE
A7 HRSZESERRRITE FH K RER
AR RS RRM 7 BAIE 5, KPR B AR
EIFETE “IR A" AL oAy,
Ay (k) = K*Au(k), (11

HAP T AN AZZ RS RPN £ TXE)
AR Eegg—, iR eEf& It FFIIAKIER
7, 135

Ay, (k) = KAug(k) + e(k), (12)

Hr
Ay, = (Ay:, Ayy)".

TFERFERE I AR IR R Wi S R] DAZE 1 2 o 3 202 Al
BN ARy, LIRSS WX S HO 5, 18
T T A 0 L 0 SN2 B TR AR A, T2 1) B
i 2 RE AR, RIS IR TR) G 0% AR 20 I R FD B R i
[RIFERT LA 2 A 20 Bh S et 4 R, HL ot DL
SISO T, ARSI 1 R A A 2
L€ A BHAS WM, FSAS I 18] k5 ) U0 A _E TR
TRERESFIRIEE). BRI, X T R I AR
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AyIERR, ATAnAR E MR AR (10)SETL T ARFR AR 2 i 72
RSN H HERREABRERE), “H7 K
RY(12) MBI T AR 53 AEASAS I TR) Ak FRORS At T

2.3.2 RRAEN A H B i & (Description of steady

state optimization)
Z AR ARSI RR T M 225 H AR B AR S AL 19
() PR SR AR B AT AR IR A TN A AR S AR &
A S, BT AR B RS R SR A
A0 AR R ) H AR B BT AT DU A A T BT
min J = ¢"Aug(k),

Aus (k)
s.t. Ay (k) = KAug(k) + e(k),
yglope(k) + SrAuS(k) 07

ur, < us(k — 1) + Aug(k) < unr,
k)

Yo < ys(k — 1) + Ays(k) < yur-
(13)
T (13) 2 — e T2 il BT Ak 24 BR8] A TH [ 2 55 1

RERERRRAT A0
y;lopc(k) + SiAub(k) =0

PR G> a tHAR B AR M4, (HAE R — NS
WP ERER ORAEAR 73 AT B TR MG 28 00 %, 2 3F
HRMER. I, T TR S RS, NV I
ZIR i A2 B ARSI AN E, TR =L )
FIATYE. AR TR FES BRI S5 SR T
Z1F LLAME. TR 0T ROHE R SE By, o (F) B35

fRIHE.
§=0, Y1) =0

| Yioneht D =Y (k) + S (k) |

Bl 4 B AR R RS RIS A

Fig. 4 Iterative computation algorithm for integral

output’s slope

XTI E SRS, B D AR
ASPAL S FAE TR R M4 AF IO IASEBL T i
TP SRR 2 AP E AR AL

BEH

1) AR AR B B O R P 41 (10), DAL
TP, XTI AR, RG> A B,

2) RBERLKThRER f i T, AR AR R AR EAN S
THRGE, FrUARARLR B X, 55— 05, B1232
B RO N TR SR, RIBAEA RS AU . R
BERTAR > i HH 7 B S BORE R, IS BOE R B TS AR AR
B _EFRAT R A A

2.3.3  FAEEHIEE(Dynamic control algorithm)

FH TR AR S0 i R o ) i, 5 AR o0 i HH AR
A AR R, SOk (25]T 19924 5 5B T &
TR AR R DMCHIE, SCHR (2614 B R4
WIEJT . AR SORAT 27 A B AR 7t AR &,
AR AEAR AL TR I R A A T A0 T R AL

(01 0 0]
01
S = L0
01
0 0—12NxN

234 SRR G50 B0 B K R Bt
B IESK#% (Feedback strategy of two-layered
predictive control for MIMO integrating pro-
cess)

XEL, R RZ AR MR T I AN BR ZARLIE R
HOERE R Bk AR AR — 2 A EDMCH % R 15
FOIEFRS Gl R ZE AL IR H AT RS IE,
H 5 SCanR:

hyy 0 -+ 0 ha()
H= 0 , hy = : ,
o 0 B (V)
0 -+ 0 hy
i=1,---,p.
HARERIER$ (1), -, ha(N)¥BIBA1

xF AR AR, 7 B AMER Ta(0 < o
< 1) BIEFRRZE, X5 REHIRZE R AN AT TP
Ir AR ME FHBEATAMEE. B = I, X D AR A L AR
BEABIAZRR, NN RRERIER B EA

h,=(11+a,1+2a,---,14+ (N —1)a)".

BINER TR ZRI 73 A PIER3: s SR KR ZEAN
ARG AR E. e 5 R AR Z A RIS
s RN R 22, AN TIPEED 5 | ) iR 2= B AR 7 4
THT R AR, BB T BN 1) PR S2E 5 T AN W R K, X A
AR BCANAFAEAN AT T AR 00 BRI R 0 42 1
RGN R R — A ERR . ARIETRI R ZE A
JRR, X P 5 R AT RS R R 2 4
RIREEE, R B3R AR S R s 2R S o L U )
TR, SRR A E .
235 BRI S ) X R B (Difficult
problems of optimization and control in inte-
grating process)

RGNS DL AR T BRI
J2 G5 K DN 25 Fh S R B T AN T A
R RBCIN R ZEACIE DT V5, (XA RA —E KR
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G, RS INEG A REAR AV M At ok 15 AL, AR

TR X2 G R PR AE S AN B A BEAT R AN

W

2.3.6 TNV RARGEMI R S T2 I SR (Two-
layered predictive control strategy for indus-
trial large-scale systems)

TS e — i 1) 25 A B TNV R AR T %,
TR 2% BT 1 ST 2 8 TR R A\ AR & TR
el AR RS . BeAh, MBI RERE, 1E1E
P 2R G N\ B R B, v AE AL S R CK,
R R B2 (i TSR DU SE B TR
S, S a2 P o RS 2 1 A the R A — 5 FR R .
WA R RS HIMER P IRTHERI R R A T Re
— AT AL EE A T KRG R
TR TP B HIIXUR R TRINE
T7gEP R, WA T RN,

BB R LA mAS 1 AN A A Bl 2 iy, e
m A pEAE AR K. T a0 B T RGE £ A &
P, TRE B A 7 SR H I T2 R, R
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Fig. 5 Large-scale system composed by multi-subsystems
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Fig. 6 Structure of two-layered MPC for large-scale system

3 REMNAKE L E X (Theoretical sense of

steady state optimization)
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Fig. 7 Structure of un-square MIMO control system
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4 XUZ G5 TR FE ) B BE J8 2% (Further con-
sideration on two-layered predictive control)

¥ VAN KR N 11 R 1 I R B R
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4.1 X [R5 XUR G5 A2l (Zone mo-

del predictive control and two-layered predic-
tive control)
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4.2 )= G5 W T 2 ) ) A 5 4 Dl /8 (Singularity
of the two-layered predictive control)
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4.3 XUJ= HLH T 4% K 3 78 R P (Dynamic
character of the two-layered predictive control)
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Fig. 10 Real-time data of process outputs’ steady state targets

5 45 (Conclusions)
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