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PR FH PRI SR A U R AR, S R RIS B R o AN TR S 50% DA LR 1) Bl 3
AP B A A B IR L O R S5 L R E DLCERAE SRR R SE R R, S B R S AR
AN AR, TR 536 8 2 (A R 2, e s M s S Ve e i) R 2 —. N THifR MPC 24
RANGTE R R, A W BAERBA TR A 22 I, 38 I = R R AR Y. — R AR,
RWTITHE %, 7 0 iR A REIA B EKR, RIS & A 2E = 22 4. RO TE MR B & AL 2 R
Y LR ) R A R 50 T8 IR ERR S O B R R I e R R, (R AR R, 15
) S AR DA 20 L, JE I PR U S AR Y. MPC (1 i 2 AR BN AT WA ) 3R 2R, A1 i ) 482
R REHFRANE T N 1) R GE 0 R AR

Bxf MPC HIEL PR, ITF KA HZKIE.  MPCI (model predictive control and
identification) (7] W ¥ 1R 75 2 1 RESHMURH %A A A A AL 8], 1% 757508 A MPC i AL il
BRI . Zacekova 25 (B 32 BT BOZE, 55— BON TN, Seali sl B it s e, 58 =5
B s K MU AE B R B 75 A SRR SR NS 5, 1 BOWARGAE LA iR L SCHR [9] $2
th MRI (MPC relevant identification) J79%, 7 VEAMY T 1& T HEREAY BROREB F2, 10 HAL 2% 18 7 AR
PITIINGE /7. SCik [10] $2H PE-MPC (persistently exciting model predictive control) £5#4, BI7E MPC
R i R 5] NFREE ISR S SR NI SR, SCHR [11] SRS I 3T, K- S5 fh
TR A4 B R B A D TR 425 1) AR e ) — B 23, DD PR 4 ) R ST SCHR [12] 3R
— M EAA G MPC MM HHRTIE, HRIIEAR LA IR & S S HERLAD, 35 LRI H]. SCHR [13] 45 H ]
I HFVR I T 2 ) 2 HE R AR H AR Z AP o, Holad 51 AFEHIAN AR, fEZ 85 P SEI PR
(RIRE SRR, 46T PRIE R SR EPE. Anderson %5 M4 7ESCHR [13) MEEAT b, 5 NMERAREE, LI
TR BA R R (MAZBENE) AN, WTH KT MPC £ 8 RG], STk [15] $2tH—
b T 02 G5 A U 42 i B PR R IR 735 £E SSTC EH I N A (=1 A1 1) A A RE, DO
JZ K FH DX TR P 428 o) Sy, 8 B i N\ AR B I R B AR, 1@k CONTSID (continuous-time system
identification) T EAFHF S AERS B A7 H W] 1125 AL I IR B A8 B0 R LR I RIS, BT RATHY
FHRBOR. Zhu 5 U6 42 —FpfE HZ) MPC 248, %6, MBUEAT MPC 426|327 PERE VT A, 4n Rk
BEAR T T J3 s R 78, FRR AR RO %, Ba, IS B8 iR & ZOR M VR R B
B HI AR, T SEI MPC #HI 3S MERE IR S

FESZBR TSI b, R e A T A2, MPC B H AR AR5 T A B w28 B Ae e 2 2
(R fE, T AR HIAE — 8 BB EE X TR) P, BV DX Tg s ). X (145 ) Fo v adss A8 S e FH P e S 4 il X 1)
WD, TAREEFES], B0 7RG E B, AR K HEN MPC RGHELE, HAREHIR
WA, ZEIX ) MPC FEEAl B, PAIESZ PUE SRS S VE R iladm o, SR PR (8 A R4 a8~ R 4, Ok
FRA PP R MG I ATIR T, OB b, 125 2 A8 Bl A 1 ) B i A AR, o ey TR TR 2K
Bl 5 E00 P ) S5 PR RS R B ). Zhua S5 76 SCHR [16] A4 H S B I0 S R TN 4 1) R G 10 e 3L 0
DT 2R, B N ) 3R GERENS B Bh B2 ) SR 34T Pas M SE g, BISC g S i 4%
il SEHt IR (2)~(6). ASCHE R T R 45 HAE R B B &N TG R GE A —E
ZE R, RCAEAE %550k [16) FHEH - HE) MPC R4 (semi-automatic MPC system) HFIRES, £S5 %4
LRI SERE b, FRZ N« HIERD . 53CHR [15,16] ANF], AR ST 32 L IGHFRE 5 BB E R 45T
G, e FELIT IR, MR A ARR AR AEA 0 /L (1) HHRPT R 8 0 Uil E 5 5 R4 Raistr
I J&; (2) FHEEINAG 5 5T B B AE DGt 7). S A ASC R S AEH R R v, AR E 3G
WL R KM, BEARRRAIEA, PR MPC AKiE QP I, JoFashitH .

AL ESERIBAHE T XA MPC A EIEN MPC RGHELE, AR5 70 IRl B VR4 R 1 1 1714
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R MPC HURZE5K) MPC R AR G AN 7 i, I8R5 SRR 1 A ST R 7 i 10 2k f st
EICHAT T4

2 [X[g MPC
2.1 FMFRR

R — 2t AN 2 A B R, WAL &y, R oy AP ENAE & o BIPERTTR, Bk 3
BB N g1 = 1955 (1), 905 (N A by = [ha (1), ha (N)]Y, Hdi=1,.. ;5 =1,...,m;
I=1,...,¢; N NBBRIEG XTRERGME, g5(N) = gij(N +1), ha(N) ~ ha(N +1). 1£ k B %,
£ M ANEEERREE Au; (k),...,Auj (k+M —1) DU Av(k) FIFERTT, B84 H FOAE T 5 sdn
Iy Z:¥

ypum (k) = ypo (k) + GAun (k) + HAv (k) (1)

by € RY ONBERER, u € R HIEER o ¢ RYONATMREIER; M A P A RFR BN
AT Gpar (6) =[G par (8) - Gnpar ()]s G0 (6) =[G1,p0 (B) -G po (0] G po (k)
Gopar (K) SPBIFTRE @ AR BRI BN G L Auar (k) = [Auiar (k). Augar ()],
Doty o (K) = [uty (8)... Ay (B)]"s o (k) = [Don (8) ... Ao (0)] . FSHREETON, LT
B v (k) = vy (k + 1)+ = v (k + P), Avg (k) = vy (k) = vy (k= 1).

G G2 - G H,, H> --- Hy
G Gao -+ Gam Hj, Hj --- Hy,
G= . _ _ ; H= ) ) ) ;
Gnl Gn2 Gnm Hnl Hn2 an
9ij (1) -+ 0 hir (1)
Gij= | gij (M) - gi5 (1) » Ha= | hy (M)
| 9i (P) -+ gi (P — M +1) | | i (P) |

PR, URGIEE] “Fa” I, gij(N)—gij(N—1) = gi;(N+1)—gi;(N), hi(N)—hy(N—1) ~
hi(N +1) = hy(N). SR EARF R ZMEATEEN R, SCHR [2] BHE 7 —Fh 558 R R R
(131745 A ) B2, R PR St J 0 AR R AR I 1) AR A TR 4 7 7= 2 R AR 5 2 o S AN ]
T ng 7 PR AR 3R Y e L R, ERORAS SRR FR G ARG E i RN, B RIS F T AR A R

2.2 FEEffiik

B A — R ED AL, VRSB LY, T05 RGeSk A, ISR AR S0k
el A, 25024 BT 20 DR PR, 7 960 Tll, MPC il S of, Bl A 01 FL B A0 %2
S KT ZEHIER 6 F T 09, W 1B
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Setpoint

\j

Past Future Past Future
A
, Reference trajectory
//
= >
Past Future Past Future

B 1 wiIETEmEEER: RES. XiE. 2EHEM <R #

Figure 1 Control objective of controlled variable: setpoint, zone, reference trajectory and funnel

P 1 B R o 3R A T X3 SR 1 2 P e B A s A 2 4 1) B b T R 5 B0 N R 9%
o, BT SR GAKRE . DX I35 ) AN TR Al 2 A8 1 7™ e R 80 2 L, A AR E s O X TR) P, 3
w5 DX TR R PR A A B A B A2 2 B DX TR (1 L BR AN FRAF SR, RIS (0], 55
I8 (1 SEVREL R 75 1 W R S AR o TR — 2k — P i 28, IRz it 267 v e H I H2E. SMC-Tdcom,
HIECON 1 PFC ] MPC il 83 ¥R F S B B E w4 A8 2 1045 %) H #%. Honeywell ) RMPCT
el Er g s I SR R A E Tl v
R LA E A 9 B AR MPC H bR R BN 2 o 464k T (2
min J = ||ysp (k) — Gra (015 + [Auar(B) |1

AuM

st.  ypm (k) =ypo (k) + GAuyy (k) + HAw (k)
yiL < ypu (k) < yur, (2)
urn < upn (k) +Aup (k) < ug,

Aury, < Auys (k) < Augl,

For yop (k) FARNWEMA; LL 1 HL 75308 B IR, gy, s B2 TR, DUEHE; Q A1 R 4
il 2T A A A R % AU
SCHR [19] £ (2) BEERN B, K REME yep MENORAR R, I SRAEHT I O0 A0 ) B, SEBILIX )42
i, (BT 5 NI R ZM yop1n < Ysp < Ysp.HL (Ysp.LL A Yop mr, 73 287~ 428748 5 (149 [XC[H] T PRAN
BR), B TR R R R AR SR I 2 AR R B IE N MPC AEZEH R IX [E] MPC K
Han s
min =8 (k) g, + el (F)l gy, + 18w (k)7
st @par (k) = Gpo (k) + GAuy (k) + HAw (k).
yuL < ypum (k) < yur, 3)
urr, < uy(k)+Auy (k) < wnr,

Aury, < Auyps(k) < Aupgr,

He
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i Test mode ! Performance

i ! monitoring

I !

i B

i i

! T T T Tt T T Tt T JI‘ _____ Identification

: : Test signal |

I Zone L |

| — s !

i Zdng MPC , Plant >
i - AN u | y
i A i

2 ¥HEN MPC £[E
Figure 2 Block diagram of the semi-adaptive MPC

1, for g; (k+jlk) < ysprr, e =1,...,n; j=1,..., P;
elﬁ[M:[ysp,LL — gpur (K)] *L17 L%,J: 7i ( Jlk) < ysp,LL J
0, forgi(k:—i-ﬂk)}ysp,LL, i=1,....,n; j=1,..., P,

ML [Gpar () —yon ] * L2, Lij: { 1, for g; (k +jlk) > yspur, i1 =1,...,n; j=1,...,P;

0, for ; (k+ jlk) < yspur, ¢ =1,...,m; j=1,..., P.
Jeojt < 7% Hadamard BL 20 (3) 00 BAREMONES 1 RIS 2 T00 B mA MRS RETF R U1
T X JE] R BRA R T XA _ERRASEE ST, Qur AT Qur R IBUGERE. LY AT L2 73 3R iE S X TR 21K
FRTINAEL F) 2R B i, ) 2l A ) ML 2 DX TRV 240 BRI, xS K 3 88 (L), A0 L2 ) O 0; 500,
BEN 1 X (2) A1 (3), 3 yepur = ysp,Lr, XA MPC 4540 T {H MPC.

3 ZWAZMURZFBEEN MPC

ASCIR M BIER MPC Z5f s 2. HAFIXE] MPC Bk HERBHURPERE T IRLER. 1
A DN R 368 o DY U0 SO 42 1) 5 RO PR R, A ) 2 i 45 T AN A2 BRI, E AT
R WA b, S 5 PRAENNR I R B 78 70 80ah, [X18] MPC AT R ™ 1 R 20 A0 A2, S
AL 22 AP, MRS S, R H R A o G, IR SR MPC R il S AL, i,
BRI AR e A2 SR, U Bt 75 0, kSR sURB AR AR, B 2 SRR A s A2 o 1k
ALY

3.1  MRENETMAREER

Pt a B R RE 4 FLR T Bl AR BRI H AR Z A 22 I BE 71, 20K MPC PERE IS 5 PP Al & 1]
SR SV — D3, T MPC IR 2R 1E, 1540 Rz i) R S8 i/ J5 ZE 1k e Bk v TR
AEHT MPC. Bt/ N J7 ZEMERE SR . MVC JEHE. 2tk — UK Gauss FE AR Y 45 312 1 B ] 5
MPC HIPEREVEAL . MPC [P RE 5 2 48 10 S0 e « AR CRE 55 22 T T A 3 Ok, i v
R TR RURRC SR A3 H S PEREAL AL, STHR [3] S R TR SR ) MPC BERLZ I k. %
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T3 2R T AE SZ A 5 A TS [ AT SR s (P A3 0 7 368 T A Y 5 %) G P 400 25 i 97 22 S A v A R %
ZFRBUERE, JEAE AL & VP AIbR . RGP IR T

(1) IE#E 3 NAFEBIRZ S (KA wy, AT wo RIS ws), FSL/MRAERTIERIE 5 ri (w1, wa, ws).

(2) HEAT PAFRIAR, FEANTTTEAS [R50 A R A5 28 mi

(3) TFE 85.7% 111 3 MNASEAER M B (1 f 22 E PR, % ERR/NF 80 E, $UT (4); B, $UT (2).
(4) THECUET MPC 1R 3 ANAN A S e R A2 e 2 5 PR BRI A5 1 A e e 824k T (1 22 1A
(5) THERAR 2 REUEE ERR.
(6) W% ERR M0 H KT BB R Z FUE GBEH N 50%), 1t BRI B A 5%,

3.2 PHHELR

3.2.1 HNHHER

AT S R SR A T SR AR S DL T, TR SRR R OE. R, E R
—/NYIRRERY (WFRN PR, B IREOE 1) MPC 4% SRR B P AE AAAA R, 1X B 2.1 /)
TR KB ER i ST R O TR PRV A% 3 e O, HE N

A 0 - 0 Y1 By1 Bz -+ Bin U Ci Cip - Clq U1 &1
0 Ay --- 0 Y2 By By -+ By, Ug Cy Cyy -+ Cyy v &2

= . . . . . + . . . . . + . ’
0 0o - An Yn Bnl Bn2 Bnm Um Cnl Cn2 qu Vq En

N——" ——— —— N——

A(z71) y(2) B(z71) u(z) C(z71) v(z) £(2)

(4)

/\I:':‘

A () =14a;(1) 2z +a;(2) 272 + -+ ai(ng,) 27",
B;j(z7!) = 5 by [0 (0) + bij (1) 271 4 -+ by (mp,, )z~ ™0 ]
Cij(z71) = z7 %t [ (0) + ey (1) 27+ - + cig(ney, )2~ ™eut |
i=12...mj=L12....ml=12...4q,

Horb g(2) NIEMER; dy,, > 1, d,,, > 1 BFRBARISEEA R R a; (1),a(2) .. ai(na,),
bij (0), by (1), .. bl](nbi]) F i (0), et (1) ..y canlne, ) NFEHHAZSHL.

ﬁ%@ii?ﬁiﬁ!ﬂ?’f%ﬁ%, FTAEABE 2R A P g e Xof A = o R e A 4 A B R 4 A R 1) g SR B o 3k
W, 8 BT G B S AR I (B ANARAS IS [R). £ 5 I H dg g B v, AR AL wT DLIE AR 4 7R
J7ik, AW AT R IR 783

3.2.2 RESKHHA

(1) MBARLR —Fh S HOER, SHRR P RUNE OB SEE THE . IERIUE. TR,
SRS, b A TSGR R SRR D) T AR SRR R, AR SR TSRS 22 M
P AR SCR A 3805 DR A HE fie /s 3R, (ARSI R HEZOIF AR BR TR Tk, A
IR FUE RN, MPC FIAESE, BOTE SO A5 38 s DR R s A /s — v Al ] B A 2.
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y (k) = @ (k)0 + e(k),
Horp, feflivh 280 & o MR = @ (k) 705N

o=[6F,--- .67 ,oF. 0r

ai? yYap c1”

T oT17T
"70bn705n] )

yi (k) 0 u v 0

T HE A /N e F AT RELARA
W THE 6(k) = IFEMETHE 0(k — 1) + BIEI,
AT DAAS 2040 1) de /s — e S Hud e o A
6 (k) =6 (k — 1) +K (k) |y (k) — ®(k)8 (k — 1),
K (k) = P(k— 1) 8" (k) [In — (k)P (k1) @T(k)] -
P (k) =p[I - K (k) ®(k)] P(k —1).

FRARELRFEME P (k) A 6 (k) WHIME, AHERE L AR5, FIF AR s —
Tk A5 P (L) A1 6 (L), BATE S
P(0)=o0l,
6(0) =e,

Hrh o N7 KIVIESEE, e NF AR BT/ /NAIESK A&

4 TMEE MPC Bt iEst
4.1 MKES

U SRR S AE Bt IEA, MRS HOS R RS B BB T N5 5 RO 23 B B A ok
PG OLT, SEBLERE A 78 70 Ui 2 AR H L.
EX1 (FEEiES) N u(k) 2 r N RGERFSENE S, MHS R, AR5 RERE 7

w(1) - Ry (r—1)
w(0) s Ry(r—2)

S

—~
=]

=

R R
R R

.8
—
—
N

Ry(r—1) R,(r—2) --- R, (0)
Ht R, (1) = limy o & Sny ulk + 1)uT (k) .
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Constraints JUU d(k)

. 0 ¢
Zone u, (k) »(k)
—P DO Plant

-
u(k)
T Model

Fk) |

3 ET MPC WELSEMIKEEE

Figure 3 Structure of online re-identification based on MPC

BT 25N R G, R EURI T AR R A HER ] an SRS S AR, IR AT
WIS 5 TR RS TR EE 25 5 Y. B B N B % H ) O BEATL — 2k 177 51 (pseudo-random
binary sequence, PRBS) 15 5 AN £ IX AN E R, SCHk [22] & — APl i IECVUEE 5, Hb =AM
LUYERSE A AN

wi (k) = hy (k) p (k). (5)
sk () FRERN N, WA o, —ax Pl 10 PRES 75, P =Y 55 ) RO N,

M BN Ny = 271 1) Hadamard 55FF § 17702, B, B MAS 2 RABKEER N, x N,
4.2 HEREAE MPC BINIRER
P A A WA ARG I 14 1) 23 1 BRI T e Fe b i), R G0 a shlliA =, R O AR P i FE 5F AL
s AR P2 22 4 RIS 58 AR = 36 B I E 3R, A SCHE R A R FH 2 (3) F13 1 X L 42 i
HaC (3) PTLUE Y, 2l a2 & 10 o AE 76 X (] Y I, BV EAR STk, R 428 o) 2 5 e ) 5 2 T
. A gl A8 B ) OB R S XTI 43l 88 A iR . ARSI T b AR, FEd il 38 S a0 G 2 [0
BRI 5, SEILLI AR R RTER R TR FFR. W MPC B =g A i 3.
lg] 3 EP, d(k) %Z:ﬂ?ﬂﬂfjﬁiﬂ, u (k) = Ucon (k) +Uident (k), /ﬂ\:lz':l Ucon(k) y‘jﬁﬁ%”%’%ﬁitﬂa uidcnt(k) %%
AN A RREEBURN IS . BTz E S 2 (T DA i IEZ I VUE R 5), Rk A
B M ALTHE, W (1) B TR R A
=Ypo (k) + G (Atcon, v (k) + Attident, v (k)) , (6)
FF Aucon i (k) FRoRAR M DT EAE, Atidens s (k) TRAK M DENE S EE, N
AR, WX (3) AR Ak ar AR Ay
win J= ey (B)llg,, + 1B (B) gy, + 1 Aucon ()7
s.t. Auyy (k}) = Aucon’M (k’) + Auident,M(k:),
yrum (k) = ypo(k) + GAup (k),
yrr < ypum (k) < yur,
urr < up(k)+Aup (k) < upg,

AULL < A’U,M(k) g AuHL,
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NHEEET MPC &G EMK G —HER, #E— P2 A RS HEH], oI N REEREE A,
X (7) WEECy

min = e ()1, + e (B, + 1Atcon i ()

s.t. Ypm (k) = Ypo (k) + G(Atteon, v (k) + AMAUident, mr (k) ),
yLL<yprum (k) <yur, (8)
urL<uns (k) +Aup (k) <umr,

A’U,LL < A’U,M(k‘) < A’U,HL.

N =00, RGAETERBERX. 2 yop i = yopour B, 2 (8) FM T2 (3), 26| HARx € H
SIS BRER.

N A0 I, RGAET IR AT LB AR Y BA T MPC, Awigent,nr (k) 1E UG
T, TN R G AT N, SEIHER T B ARFEU. Avcon,n (k) PRIEZR GEAE S X 18] 20 R A2
DN IRAE R A AR B RUR] BE R W I IE RS S, AR R N BACKIEUE, BLED Aveon ar X
Mg, LT geseBl TP s,

TE: (1) B RESRAE A (RGN, ALK 3R AR B AR o P52 S e 2 A A A Pt Bt - 3, sk
ROR R R, EL 7] IR e 2 2 3 s IX 8] 20 SR PR mT RE P kb, TR aT 6 H AR BRER P2 0] 45 0 X
a5 2 AR AU . ASCH AR AT T5E T A 9 EAE, B IE& L EUE 75725 BE 6 D (A 42
ORI B iR, EAEAR SR BT .

(2) SRR T S X AN Z RN, SR AR g A S, BEXHZ RO, ATkl sl 1«
AL b, BIE S I o R b P & A SR B E L. A RZBUEAR A, AT
AT R PR e, B I IAHR VA AT IR RN A0, 5 ZEd R AT It B AR
T

4.3 ZFEAENERLEH MPC B R

TP RE S, - Peash R ERAE AR AR AR, LT BN dh (RMPCT, PFC, Aspen Tar-
get, MVC) #BRHXMZSEH, I SSTC EM DO J&. SSTC KM LP (linear program) ¢ QP
(quadratic program) THELERALEAZS HAR 2324 JEBR i TIRB0E O B SRR A B PRI RS, 7] I 2 75k
B AEAL (real-time optimization, RTO) 25 TRz 6l 2 2 [A] (1) R 4F i 250, SR AR SR e 7 i B
PV HE, 7R R il T XZ 454 MPC il 75 7.

SSTC KR AR, 5 JE R NSy 2RI O T, SRR AR AE 26 F. H AR EUE
XanF:

min J =cAugg (k)

Auss

st yss(k+1) = GoAuss(k) +y (k+ Nlk),
ugs (k) = u(k — 1) + Augs(k),
yrr < yss (kK +1) < yur,
urr < uss(k) < upr,

Aury, < Augg(k) < Aupr,
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v
- _y(i)
Mol |
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& 4 ETUNELEH MPC HELEZEAMKEHE

Figure 4 Structure of online re-identification based on double-layer MPC

HH e = [e1, o, m] DIRFRMAH, Go WRBHAHIE §(k + Nk) FUHT & B 2% R K
kN IR TR, AT SS (steady-state) FREAZS, Auss (k) Fo X AT 20 (E 25 B s
i, LA KA.

DO S LIS 1, 7L MR TR HEA.

SUR LR MPC e A0 AP B TSR A0, SOU R H], B A s, Jo Rt
(RFESUR LS MPC 3R AR HUTT R R, SEHAE = bR FE L, A SR “RereMisty (XU 4
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Table 2 Results corresponding comprehensive testing
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bao (1) 0.0954 0.0964 0.1010
b2 (2) —0.1737 —0.1713 —0.1625
Total e2 2) 0.0000 0.0003 0.0075

a) Total_e? RN PHRZHE SLBRAE i 22 197 A,

B R 7 ZBOERE ERR (%):
37.0 54.8 44.9 20.8 22.7 55.5 37.3 41.3
+ 0.4 x + 0.2 x = .

20.5 29.9] [42.8 53.0] |:79.9 68.2} [41.2 46.8]

AR iR 22 REUVN T 50%. [FIFE, RAIAZIRE) DMC Hi% (QDMC) BN AT 3, HORRef
A, FHIZRWE 6(b), WEIHTTLUE 1, #ids 2 EfE BRI AHTEE N, Hiigs ) 3F5ae
FEVCE . T4 B 5 i 47 ] 2 AR Y e 08 i e 425 i 25K

AT B A i SR AR R R S A S AL SE R TR, SREC I [A] 7 BONFSAS 1S 2. 75 SEBR )
ol R, RS S S DR BO R FE PT R are ot fi 25 AR S 1F. S0, @B R A X\ B AL Rl K, B

LAzl ey Z Rt AR, AT AE T SR TR HHR I RE T AN RE SERhig 2 X Tal 42 f 2R (W18 8(a)),
VR, 5 2L M5 5 5m R X, SP)#oy N P30

ERR =04 x

6 %5t

RICEFXS NG RS, A T A E SN MPC SRR, %07k DAY IE SR E 57 il
UG T, SR X1 F00 42 ) e A4 ) A X9 5 B D 3. B L0 SR 4 i, e s FE e\ SEB
I3 2 (5 8 B ) fe KA B0 RS K MPC, 51N R re, SEILA T Ras 5 i H o
BB, 346, ZIHEIR T LT AN, 8 % 7 PR A AE 5 5 AR S R S ]
AL R TC T INZ AR R A, AT TSR R . S Eilid > 2 fa A 2 f i RS0 AR 7oA
SCHR B ITE AT, AR IR R Z5R T, ZRG TS IO 52 A RE G A2 MPC X RERIZR. A

70



hERRE )

BRb

F49% H 1

Gl,l Gl,z
5 4
4}
3 Plant
3 3 _§ Controller model
2 2 — * — " Updated model
= =2 ‘
22 Y
S =
1 Plant 1
Controller model
—  — 'Updated model
0 0
0 50 100 150 0 50 100 150
Period number Period number
Gz,l Gz‘z
6 6 —
5 /‘J 5
[} 4 Plant o 4 Plant
g Controller model —5 Controller model
‘'S 3f| — — Updated model ‘= 31|~ — Updated model
&n en
[ <
=2 =2 /
1 1 /
0 ol
0 50 100 150 0 50 100 150
Period number Period number
(a)

Figure 9 (Color online) Step response. (a) A =0.8; (b) A =04

Magnitude

Magnitude

Magnitude

Plant
Controller model

Plant
Controller model
— * — ' Updated model

— * — " Updated model
50 100 150 0 50 100 150
Period number Period number
Gz.l G2.2
Plant g Plant
Controller model a Controller model
— —  Updated model ) — - — -Updated model
<
# 2|
|
50 100 150 50 100 150
Period number Period number
(b)

9 (MLERFE) BITITRAIM BRI

&3 EMEEFIFER (A =0.8) WEITHRE (%)

Table 3 Estimated errors of the updated MPC model (A = 0.8) (%)

G11 G21
Gi2 Ga2

f=0.015 Hz

f =0.067 Hz

f=0.13 Hz

Estimated errors (%)

37.0 20.5
54.8 29.9

2
2

44.9 42.8
20.8 53.0

|

2.779.9
5.5 68.2

[S AN

AR 7 i R AN A e &, (EANEA S HEVE .

S

1

SCHEAE SR N AR o VT 2R KL e J9REAH, 12K B IR K R 5 ¥ RE W BT 22 B R AN i e

Strutzel F A M, Bogle I D L. Assessing plant design with regard to MPC performance. Comput Chem Eng, 2016, 94:

180-211

Zou T, Ding B C, Zhang D. MPC: An Introduction to Industrial Applications. Beijing: Chemical Industry Press,
2010. 94, 100-106 [4B%F, T E 45, Tk, BEAYFM ) TR 8. dbat: A2 Tk AL, 2010. 94, 100-106)
Zhang K K, Ji G L, Zhu Y C. A method of MIMO model error detection for MPC systems. J Process Control, 2012,

22: 535-542

Heirung T' A N, Foss B, Ydstie B E. MPC-based dual control with online experiment design. J Process Control, 2015,

32: 64-76

Heirung T A N, Ydstie B E, Foss B. Dual adaptive model predictive control. Automatica, 2017, 80: 340-348

71



Ak

T AR B IEN B RS

10

11
12

13

14

15

16

17
18

19
20

21
22

23

24

25

26

72

Darby M L, Nikolaou M. Identification test design for multivariable model-based control: an industrial perspective.
Control Eng Practice, 2014, 22: 165-180

Genceli H, Nikolaou M. New approach to constrained predictive control with simultaneous model identification. AIChE
J, 1996, 42: 28572868

Zacekova E, Privara S, Péolka M. Persistent excitation condition within the dual control framework. J Process Control,
2013, 23: 1270-1280

Potts A S, Romano R A, Garcia C. Improving performance and stability of MPC relevant identification methods.
Control Eng Practice, 2014, 22: 20-33

Marafioti G, Bitmead R R, Hovd M. Persistently exciting model predictive control. Int J Adaptive Control Signal
Process, 2014, 45: 536-552

Heirung T A N, Erik Y B, Foss B. Towards dual MPC. IFAC Proc Vol, 2012, 45: 502-507

Bustos G A, Ferramosca A, Godoy J L, et al. Application of model predictive control suitable for closed-loop re-
identification to a polymerization reactor. J Process Control, 2016, 44: 1-13

Gonzalez A H, Ferramosca A, Bustos G A, et al. Model predictive control suitable for closed-loop re-identification.
Syst Control Lett, 2014, 69: 23-33

Anderson A, Gonzalez A H, Ferramosca A, et al. Probabilistic invariant sets for closed-loop re-identification. IEEE
Latin Am Trans, 2016, 14: 2744-2751

Sotomayor O A Z, Odloak D, Moro L F L. Closed-loop model re-identification of processes under MPC with zone
control. Control Eng Practice, 2009, 17: 551-563

Zhu Y C, Patwardhan R, Wagner S B, et al. Toward a low cost and high performance MPC: the role of system
identification. Comput Chem Eng, 2013, 51: 124-135

Forssell U, Ljung L. Closed-loop identification revisited. Automatica, 1999, 35: 1215-1241

Qin S J, Badgwell T A. An overview of industrial model predictive control technology. Control Eng Pract, 1997, 93:
232-256

Gonzalez A H, Odloak D. A stable MPC with zone control. J Process Control, 2009, 19: 110-122

Pang Z H, Cui H. System Identification and Adaptive Control MATLAB Simulation. Beijing: Beihang University
Press, 2013. 20 [, 4. REHHRS HE MR MATLAB 17 H. Jb5t: JbRtHias iR KA B, 2013. 20)
Isermann R, Miinchhof M. Identification of Dynamic Systems. Berlin: Springer, 2011. 184-190

Pintelon R, Schoukens J. System Identification: A Frequency Domain Approach. Piscataway: IEEE Press, 2001.
304-306

Beal L D R, Park J, Petersen D, et al. Combined model predictive control and scheduling with dominant time constant
compensation. Comput Chem Eng, 2017, 104: 271-282

Li S Q, Ding B C. An overall solution to double-layered model predictive control based on dynamic matrix control.
Acta Autom Sin, 2015, 41: 1857-1866 [7—'?(1'&9&[], TEB. FET BhARE PR 6] A XUZ S5 R T4 1 B B AR ff 5 R
HZh L 24R, 2015, 41: 1857-1866)

Darby M L, Nikolaou M, Jones J, et al. RTO: an overview and assessment of current practice. J Process Control,
2011, 21: 874-884

Prett D M, Morari M. The Shell Process Control Workshop. Boston: Butterworths, 1987



HEB FEERE B49E B 1

A framework for multi-variable, semi-adaptive predictive control
system

Hongyu ZHENG!2, Peng WANG?3, Tao ZOU?", Jingtao HU? & Haibin YU?"

1. College of Information Science and Engineering, Northeastern University, Shenyang 110819, China;

2. Industrial Control Networks and Systems Department, Shenyang Institute of Automation, Chinese Academy of
Sicences, Shenyang 110016, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China

* Corresponding author. E-mail: zoutao@sia.cn, yhb@sia.cn

Abstract In view of the degradation of predictive control performance caused by model mismatch, a multi-
variable, semi-adaptive zone predictive control system framework is presented. The proposed framework changes
the traditional control mode to testing mode and turns set-point to zone control, thereby realizing the constraint
satisfaction of the output variables of the test process. For the constraint zone model’s predictive control in the
integrated testing mode, the amplitude strength of testing input signals is introduced to realize the constraint
guarantee function and signal-to-noise ratio maximization. The framework implements the open-loop test to
improve test efficiency under the premise of production on the rails. The signal-to-noise ratio of the testing process
is ensured by maximizing the test signal amplitude. Furthermore, the framework is extended from constrained to
two-layer model predictive control, and the benefit balance coefficient is introduced to realize the balance between
economic benefit and testing. The method proposed in the paper is a type of on-line open-loop identification,
which solves the problem of the correlation between input signals and noises in closed-loop identification. The
simulation results verify the effectiveness of the method.

Keywords adaptive control, model predictive control, system identification, parameter estimation, zone control
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