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Abstract: For the characteristics that multi-variable predictive control has a large amount of calculation, and its control
effect is sensitive to disturbance and model mismatch, a feedforward decoupling strategy based on a control model for
the engineering application of multi-variable predictive control is proposed. Based on structure analysis, the important
pairings between controlled variables and manipulated variables are preserved, and others are introduced as feedforward
to make up the influence, which simplifies the system structure, reduces the coupling between controlled variables and
manipulated variables, weakens the sensitivity of the predictive controller to the disturbance and model mismatch. The
single input single output or smaller multiple input multiple output system formed under extreme circumstances reduces
the amount of online computing. Then a decentralized optimization strategy based on distributed predictive control is
proposed to reduce the system scale and online calculation amount further. Finally, the simulation examples are given to
verify the feasibility and effectiveness of the proposed method.

Keywords: multi-variable predictive control; control model; feedforward decoupling; structure analysis; centralized
optimization; decentralized optimization

|3

0 3l RS U ) T 13 R,

I T2 1] (Model predictive control, MPC) j* VE AR 4 1T 22 5 A 2 T ) 0 SRR AR I 52 (1)
AT 20 20 70 FEAX, J& — P EE T AL v LA B R, Tion 42 i AE TR R A A B — o R R
BRI AR DR, AR S e 2 e R M FEERIUE TR LA T T 1) TN ) AR 2
P o) B T I, FE A AL L s AR, L i HRER, FEE M TR B E et

Yris BHA: 2017-10-17; 1&[E BHA: 2018-02-07.

ESWHE: EFESHEITRIDUE (2017YFB0603703); E %K H AR #H & W H (61773366, 61503257).

FERE: Z/bim.

EZ BT X (1992—), 5, A, NI HEHIE S 58T T, 480 (1975-), 5, 6, 45
Ui, ANER b3t A S A1 A ROASS 70 o0 4% ol S50 7

H@IFEZE. E-mail: zoutao@sia.cn.



%58

HALR AR, 2) #iisn R 2 MG ENZ AL
i (Multiple input multiple output, MIMO) & 4, 1 It
[B] P 5 R B 3 B BN AN R SR 2R 2k I 2 0 I A
A% & (Controlled variable, CV) ;= A= AN F| 520, S 21t
BTG 3 ) B AL 2 /F 4% & (Manipulated variable, MV) G
V202 B g M. A X T 42 ) SR AR 2R T E AR B KA i)
/8, Camponogara %1671 i tH ££ KR 2R Ge 2 il o, K
FH 53 A 345 A0 A58 F0 0 428 o) S, BRI T H O B 4 B
Bemporad %5891 4 HH {2 FC0ABE A T 4% 1) SR B, 8 9
RIS ELBHIMES G, AR AL T HENE
[ [E B, AH CHI 9 B 2 f R0 — e o B BL A
A B Al i R D213 gl 4 ) G N i HE R
] 2, S8 RAG U4 S H T SO R 1 T ST i
A2 1] SRS, A 0k 1 SO T i N B A TR A
B RO B S R AU AR ) SO N A A8 A ol V) i b
7 H b ek b B 45 ) B B AR B s i &L SR
— T ) AU 2%, 3 — 20 ks TR G B
SUOVELSOF )™ SO e 4 425 1) SR rh 4 AR AR 2 5 Tt
A5 Bt R ASE R 0 42 o) P AT S5 R e WL A 2R AT T
AT, v SO o Tt 428 ) 1) AR A 1) 8
FF TN, HAE TR gk AT 17 SEB IS E. (A
B R PN 1) b FH e g |2 BB R ) 2 A 7R it
W ), A AT IR AR 7T, H F IR S m& X DA 3
FELRUEAZ B8R BRI 00 T N Pt 42 il FE 2 2

AR SCAE I SR ] AR TR S04 o) P B b SR 2
A B TN % o) TR N R A 47 o) S 2R T e A R SR S
B St RN ) o B R R R B A A R
HC BURR SRR i, FEIR SR A 73R F A A B AR
R BB BT 250 i AR EE R CV 5 MV
XK FR, FEGAE B CV 5 MV BT E AT I A
AT AMEE SR J T A 2T 42 o AR, 45 H P4
2 o) 455 1Y T 5 i R TR 1) 4 B A SRS e i e
7 B UE BT P2 S 0 T AT P 5 Rk,

1 ZZREHEATERIMR
1.1 EAhIER

MPC s — P 8 T 58 28 110 ol 4 i) SRk, 2 2 oy
TR FRANPAL . AR IE 35 2 4 . AL A
TR BB A PR 4% # (Quadratic  dynamic  matrix
control, QDMC) & vk N AR 3R, ] B 45 H H H vk il
R,

1) TR T — i 248 Bl 72, (R i izl
FEAL S m AN RAEAR B p B4 A B B
N, B AEAR By, SRR B AR AR 5wy 1 BR i 3
AN

X F: 5T HN ISR AL R 6932 F AL A AT B A A R 1095
a;; = [ai;(1),ai;(2), -+ ay; (N)],
i=1,2,---,p, j=1,2,--- ,m. (1)
1% 2 A5 B 2R G 1) — 5 N 220 TR 2L 43 51
yni1(k) = gno(k) + AAu(k), )
Grr (k) = Gro(k) + ADuy (k). 3)

b Py M 53 ) 08 TIUI IS SR % 1) B 35, gy (K) AN
ypa (k) NI, gno (k) Flgpo (k) A 1T 211
VI T, A (k) AT Awgy (k) 45 16 &, A FI
A TR B A5 HE B2

2) WBhAR A, 1E 2 A8 5 PN % 1R S A A 7%
28 S AR ERAE L ROk B AR SRR 4R
A B AR B R A A, R

Umin < U(k — 1) + BAup (k) < Upax,

Ymin < Ypo(k) + AAup (k) € Ymax, 4)

Aupmin < Aups(k) < Atpax.
Heiulk — ) RNE — 1L ZIMEELRE B A
122 B 48 B AR HUE P, wanin A wmax A3 AF 22 & I
EZIH, Ymin M Ymax S L EIEE LK, Ay,
Aty NHERVEAREH B LR,

B @) A B CAuy (k) < e Hb:
C Ml e kI 2 C A1 FE BRI R &, R om A

-B —Upin + u(k —1)
B Umax — u(k — 1)
C- -1 o= —AUpin ,
I Ao
-A —Ymin + Ypo(k)
A | Ymax — Yro(k)

T4 3 24 2 ) QDMIC AR A T LA i

. 1
Ainﬂir(lk) J(k) = iAu%(k)HAuM(k)+

Fr Ay (k) + FHL
s.t. CAup (k) < e ®)
H:H = 2(ATQA + R),f = —2A"Q[w(k) —

TR B, RN AR AR B 14 4 1) I AS e
3) SR IE. B kI 2% k4 120 2% 4 )
TRMHE A g1 (k + 1|k), 72 k + 1B Z1 2 i ) S
Ny (k+ 1), UAT45 1R 2 n) &
yi1(k+1) — 31,1 (k + 1]k)
e(lk+1)= : . (6

Yp(k+1) = gp1(k + 1|k)



1096 w % 5 & K % 34%
F 0 (6) W A58 IE 1 T 7] & Cv, ¢V, CV,
Jeor(k + 1) = Gn1 (k) + He(k + 1). ) MV, S
Geor (k + 1) BB G IR K + 1 I 20 i 300 5 50000 16 MV e
'gNO(k + ]-) = Sogcor(k + 1) (8) @ o
Horp: H R Z R IEHRE, So N ALAERE. MV, | du T @om
1.2 IRENABR MV, | a, a,
ZAF S PN R EE B L EE R B MV, a, a,
SRS P B AR TR 2 e SR 5 s, A K b1 2 T T p p
W 881 ) T i
) ELtHEEX NS ZHTFAEE MV i o
e %2 A5 B A 20 R ¥ ) e L, G SR 2R 1 R R (a) ME LR
(Linear  programming, LP) 8¢ — /X ¥t %I (Quadratic cV, CV, Cv,
programming, QP) 317 3K f#, L b 17] 8 &2 4%, 75 £k 1t MV, | a, a,,
RS @ HaEH T BE 2% i 5 71504 w | .
/%gjﬁqj' 2 12 22
2) 475 1) 250 TR X} A 2 AR R A P B U A AR 2 T A G a
AN PAR S AE A T FAT 2 i AR 3 A IR R MV, a, | a,
TE BB AIL, 2 42 i) 250 SR A SR RS i ; () e, g s A 7 MV, a a,
I AN B [ BE 2 5 ma HoAth 38 4 oAk S ). . - -
2 PR AR AR S ——
2.1 X(RER SiTHItER i
ST A ST WL E 43 A B S B R T R 1 T MVoer[ | an
() 2R GEA RS FLRE S R AE 2 G0 N 1 22 1] fR o0 B (b) R L A1
R AEIEFRZ ok SRR, CV, CV, .. v,
CV, CV, o Cv, MV, | a,
MV, a, a a, MV, ax
MVz a; 233 bl a,
MV, a,,
MVm a,, a,,, a,, MV, a,, a,
1 ;%*ﬁﬁﬁ?% MVZFF ap
T T T2 ) By v 0 R AR RNR Bh AR Ak 3 Byt
A3 FE T ok R SEL. 5 FH 5% A R AR AT T AN My, | a, o | ag

PEA, AT 3 G 2 H B 401 1.2 755 A Bk ) R B F )
T AE I, $ P R 4 SR 5 R SRS - T
BTSSR H 9% R AR TR AR F B 2 o 1)
PR (TS5 K 20 B, PR BE L CV 5 MV BT
KR, IFFHRAEERCV 5 MV ELXE 9| 9] A i
ITAME). Bl 2(a) BT BB FOR & 0 (2 R 50),
2(b) LR EHIFR 73 T BN I MIMO £ 48, B 2(c)
KRRG (p = m) G TE SR H (Single
input single output, SISO) & 4.

(c) it Ll
B2 EhiREREE
2.2 AR B ATIR AR SR R SEIN
DRI B2 SR R 35905 8 0 B, AN SO IR R0
Iy EILAIE 2(c) i S GEP R R 9 384T 0 A
1) G5k 3 Hr: Pl TR T 2450 K, 3
A7 AE LU P SR 5 2 58 2 42t B8 Bl
(¥ 191 28 fat IR 45 VR AR B R AT DO A. M4 ) 5 5 4



%58

XA . LTSN IR TAL S B 4G 3 )AL R AT IR R4 SR ek 1097

H e, T I oL A B A R A A 2 AR B AR 4 4%
(8] % 2 R RIR /I, 58 SR E R B S s Bk
Ik 10 B LR, VR R R 25 SOk [19). BUE T
R HTIE TMV, 5CV, (i = 1,2, -, p) IR
KZ, AR CV AR B — A EZE MYV, U AT s dn
2(c) LR 2y B i ] B, AR R
TR

(A
A22
AC = . 5
i Apm
aij(1) ]
Aij = |ag(M) - ai;(1) ;
Laij(P) -+ ai;(P—M+1))

Hort A R85 MR AR R i M R = 8)
A HRE.

2) WIS B0 TR 51 N AU AAR SR,
ABEEPIMV,; X YHTCV,(j #£i,5=1,2,---, m) 1
SR AT Bl 51 NZEAT B ASTRMEE, JE BCan 1 2(c)
NS 3 B BRI, AR R R T AN R

Ay Ay,
A :
AFF = ‘21 . B )
o Ap-1m
Apl o Ap(m—l)
Ay =lai;(1) - ay(P)",

Hp Ay R G BRER X5 i MR E
BRI N7 A1 T P AN B0 4R )

3) FEMI TR 4 A A AR A, 5
BERY 55 Fi i AR B 2H & T s AR A, TN B 5
Bt AR TE 30 73 PR FF AR IR B LA A FH 42 il AR B A
K R AR, W50 (5) BT ) QDMC AR AL 7] A8 Sy

. 1 T *
Ain J(k) = iAuM(k;)H Aups(k)+

£ Ay (k) + W8
s.t. CAuy (k) < c. )
Hrp
H* =2(ALQAc + R),
f* = —2ALQ[w* (k) — gro(k)],
w*(k) = w(k) — AppAupr(k — 1),

Auy(k—1)
AUFF(]C — ].) = .

Ay, (k—1)
Aupp(k — 1) NRTHRE &, 0w (k) = wk) —
AppAupg (b — 1) 18 SO H AR VR AR S X 24 50
WA A B RSV A A5, 6 DA B sk ok 30 i
{140 5% M) AN ST BB A A 40 B s ) S EE A .
23 IRHIRBEIR AR E SR
e Z B S QP 1) i =X (5) i, HL e
H =

2(ATQA+R) =
A1T1 AF2F1 A; Q.
A?z A;Fz Ag2 Q2
(| AR A
Ay A - Ay, R,
Ay Ay - Ay, R,
R , ) =
Apl Ap2 Apm Rm

[ P P
Y AlQAL+R ) ALQiA,

i=1 i=1
P

p
ZAiTzQiAﬂ ZAszQiAm + Ry

2 i=1 =1 —

p p
> ALQiA; > ALLQiA;
i=1 i=1
» -
Y ALQiA;,
i=1
p
— i=1 =
' p
i=1 J
H, H,, --- Hyy,
Hjy; Hjy -+ Hspy
Hml Hm2 e Hmm
f=

—2ATQw(k) — gpo(k)] =
A?l Agl U A;Fl Q1

T T T
Ajy Ay - Ap Q-
- . . . %
T T T
Al’rn A27n T Apm



1098 = # 5 *x K %34 %
wi (k) — y1,po(k) =
a wa (k) = Ga,po(k) | —2Ac" Q[w* (k) — gpo(k)] =
: ‘ Arlrl Q:
Qp w;v(k) gp,PO(k) ) _9 AEQ Q2 N
ZAEQz w;(k) — 9i,po(k)) ‘ Agm
fi
Az % wz gi,PO(k)) f wT(k‘) - yLPO(k)
-2 Z ? 2 :2 , <_ w;(k) - gQ,P()(k) B
p fm ' : B
> A7 Qi(wi(k) — i, po(k)) Q, | |wy (k) = Gp.po(k)
Li=1 T * o *
e 5 8508 S A QP 1R A L o 5 An@i(i(k) = sheolk)) | | fi
T F B _ A22Q2('w2(k) - y2,P0(k)) A 2
L : :
mm*ﬂﬂ%}3-mﬁw+ ALQy(wi (k) ~ Gprolk)| |1
O S
=1 j=1,j#i i= mJze
i=1 j=1,j#i 1 10 wl(k) — Z A”Auj(k — 1),
Jj=1
P R A 5 R SR QP RN O) IR, 6 s o 700 W o R 4% 545 W T 1 B 19 QP AR A B i T
i ﬁ%ﬁ@?ﬁﬁ
H* = m m
oA QA + ) — min J = Z Aul H} Au; + g fiAu;. (1)
AT o, D%%%@iﬁ%%%ﬁ%@%%ﬁﬁ@u
AL 0, = (10) 7 %) A e, 42 S0 455 700 B ik 8 6 4 s 7 T
2( - . 119 QP 4 F 4 (A2 (11 B ) ) Wb T 4R 50
AT || Q, 72 Z Aul Hj;Auj, BRAIS T RG-SR, Wk
r i=1 j=1,j%#i
An R, mTQmﬁmaﬁaﬂn@m%mMﬁr Sk
2 o )= HR Au, B Ay, TR A B AT, 80
L . %E%EM%%E%ﬁﬁ%ﬁﬁEmmﬁmWﬁi

AT Q1A+ Ry
AL,Q2A% + Ry .

>

Al Q,A,, + R,
Hi,
Hj,

H*

mm

TRIE T £ BRARAL T = Z Z Aul HyjAu; Aen
i=1 j=1,j#1

oAb R 7 AR R R, HL o™ () 19 5] N ASHE i QP
RS S =S

2) TN 2R A FH 5¢ SR A AY AR A ARAUF T T 485
SRR s VR B AL AS P 4 ALY, kT S5 4 23 B,
REEENCVEMVEX KR, HEAEECVE
MV FCXAE AR 5] N AT AME, 8055 T #3555 S
N 1] R R B R B2, A T 42 28 X PR Bl ALY 2
BCRURFE RS 1o T R et Shae .
3 HEiL RS

EE X 2(b) FH L 2(c) B 428 B 2R, 412 H 4% 1
TR T 5 fiAR R SR %) 70 BB A SR s B b A A R R



%58

XEH F: B R FRMI=F] TAZ T R 69 42 %) 42 A AT 55t A 4% R o

T (9) s 4 R AL H B, % AN 45 0] Gadk
ATARAL. 53 B A B 45 43 A 2Tt 0 42 o ) AL, s
) Fros it B isifk A 2 A st 3
i, T a3 e A 1) S 3 7 5K
3.1 SEAILEREESII

T 42 1 S 2R T 2 A A SRS S B 1 0 MIMO
IR TF 70 (App S5 U HT RS, Ac SEHLIE HIHF
71, W= (9) Frzr () QDMC FE H AR AL 1] /AT 47 40 9 R
& m(p) 1> QDMC F3 B AR AL i)

min J;(k) =

1. 7 )
A nr (F) §Aui,M(k)HﬁAUz,M(l€)+

£ A (k) + HEG
s.t. C;Au,; (k) < ;.
Horp
H; =2(A}Q,A; + R)),
fi = —2A5Qi[w; (k) — gi,po ()],
w; (k) = w;(k) — A; prAu; pr(k — 1)

12)

m(#)
wi(k) = Y AjAu(k—1),
j=1
1= 172a"' »y D-

32 SEIRRESIRE SR

QDMC Hikit 5 & F EA R QP L EL 4, H
THEL SR B 5 B AR A A ORI 28 1l I S B2 TR A 5K
I3 B A SR i T 4 A7 X Tt 4 1) 120210 () AR g
FR B ARAL IR 5 2 m IR Gy B4k, A5 R U A4k
CHRLAN2 1) 33 I AT o IR A SR T 55 R 4 B
O (m, M) NmxO(1, M), 8 IHATIAL (m A%
) 38 FEAT AT 1AL SR ) T F 555 54 B B0 O (m,
M) 45N O(1, M)(O(z, y) RFES x fy 2 IEAHRK

1099
T 2.
4 i E

1 5 Shell B3 73 13 85 65 B A 9 AIT 780 2, A8
QDMC 53 AT 1 . 445 748 S iR AE 29 3R [- 1.0,
+1.0), BAE L EIRIA LA [-1.0, +1.0), R AE AL E= 1Y
AR N[-0.2,+0.2].

JFE R ARG R s

r4.05e27 1.77¢728 5.88¢727%7
50s+1 60s+1 5H0s+1
5.39e7185 5.72e~15 §.90e 1%
G(S) = 9
50s+1 60s+1 40s+1
4.38¢7205 4.42¢7228 7.20
L 33s+1 44s+1 19s 4+ 1 A
Bk F 42 A A 4 R B
A
G(s) = | =
| AFF
[4.05e—27s 1
50s + 1
5.72e~ 145
60 1
ot 7.20
19s +1
1.77¢=28% 5.88¢~2%7¢
60s+1 50s+1
5.39¢ 185 6.90e15¢
50s+ 1 40s + 1
4.38¢7205 442228
| 33s+1 44s+1 ]

4.1 EHIRB TR RRAE R AR
4.1.1 HRIREERY

BT ARPRAEAY, 23 BIAE TTHANE PRI DL T 0 R &
IR SR R FI A Y T 45t PR R SR AT 7 B, 7 B 5
RUE3FIR.

0.6 0= or
........ %Ry, S — % F
~ 0.4r ) -0.21 % — Py, 702 — Py,
- #’t?} - 0.4 L =
Dy T %y, —04kb B
0 — By 0.4
oL~ L > . -0.6 v . . . - . . . v
0 20 40 60 80 100 0 20 40 60 80 100 0'60 20 40 60 80 100
I [ / 471 I [ / 471 IR [ / 471
(a) TCIRAEIL 07 LA
04 | Saa > : = 0 - ........ %;%Yz Lo jt/%ys
_ / R i — &y B -0.21% — iy,
= 02r » £-0.21 N
........ E33 » -0.4F
0 — iy -0.4f - AT
o2 06 oy T e B o 06 A
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
I 1] / 411 I JE] / 411 B[] / 41

(b) AR L5 R
3 MMREUTELSR



1100 ECa |

5

* R #34%

H 1 3 7 S AR AR PR DL, 9% AR R R 4 1) 2
SRR AIE T 2 A R 3 ) S8R TSR AE I, R R AR
51 AR R 4 | ORI — 2
412 RECHA

TRy AR AR SR L T 5% 2R A TR S L5 4 Ao

s, H g AR RC. AR 3 B IS AR I8 AT, X &
R TR T R A AR T 4 ) AR R R RE AN AR, T B
— B FE R T, BB T 3T 1 .

1) BAERT R G11(s) G a0 Ko MIKHUER 3G 7514 0.6
f5. 0.8 6% 1.21% 1.3 6% (1.4 450, QDMC R fift it #2

PR AR S 15 ) R B X B, AR R AN et BN ATAT ) ), 5 S5 R e 4 B
0.6 0p 0
o | vz T KRy,
0-47 - 02} e 0.2} — sy,
= o02f T e %Ry | = \ = 1
e — iy, -0.4}" “0.455.
0" o P e s
-0.2 -0.6 -0.6
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
i) / 41 I i)/ 40 I} 1 / 46
(a) HE250.6 i1 B 45
0.6 0 0f
P ————] ........ j% )% ¥ L j,‘ ,%é ¥
~ 0.4y ) -0.2}11 — Py, o 702p — Fly,
= e Ey = A =~ 1
0.2} T 04r “0.4f%
o ; : ; -0.6 : : : : -0.6 : : : :
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
1 / 40 IS} 1) / 471 i 1 / 411
(b) 375 0.8 &1 FLAH IR
0.8— o or
0.6f i e KRy, N XA,
_— P Loz — 702k — il
O I e o4l
02r — g, R e
0 ' ' ' 0.6 ' : ' ' 0.6 : ' : '
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
1) /46 RN E| R I /46
(c) W12 515 H A H
10— or 0
e iRy, 3
_ A L ozp — iy, | 021 — #lly
= 0S5F e _Mwm%? N =
CAS T T P b ol
— By R 0.45%
0 —— : : : -0.6 : : : : -0.6 : : : :
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200
i) / 40 I 1) / 41 IR 1) /471

(d) WS35 E L

B4 #EamKEHRELSR

F P 4 ] T A7 R AT G B, 47 o) S Y A R R
IR T 9K SR AR (147 il 14 .

2) AT GAS [R 0 704 A H I 7 4 25 O, 5
HLAE T S Fios.

EH P15 BT 2R 42 o ASE B 45 A R SR B T, JR) AR
T 2 TR0 5 RS T = 5, A 5 M At 3 4 42 i 2R
T TE 5% ZR BB S T, Ja) S A 28 2 i s L 7™ 2K
TC, 2 S%oF JFG Al 425 1) 3508 2 7= AR 0K R e (T 4t m] AL I
5(a). EI5(d). BE5(h). B 5G) 105 45 3. 3 B IR
UK WS I TR R O A R R T
P LG5 R A —3

77 T 25 5 i BH A SC I i 42 1 A5 2R T 5 AR R S s

AT DA 200 AL 428 ) 200 SR 0o It 30 A R 2 T, ) R R
JEE, 2R T B A AR S AR RS E . BT TR
Hh g R 5P B A 48 X A7 7 1, T AR Y K i R AN AT
T G, K] L 42 W RS 2R I 5 AR SR W 72 TR R ey DA
PRER HH TG 38 P S e ) AR
42 HEERE

1% % Shell A i 5yl 20 1R BB I R AR (3 N3 HH)
VERWEFEXF G, 43 S FH o B 0% SR A A S s, 4% 1
RS EE Ah AR AL SR . 4% MR 2 43 HIOPR AL SR WS AT
QDMC HiE47j . A1 H45 R W3R 1 B, Loop AR A
IRURE. Horb, 33 AR R 23 B AR T I A A A =X,
Ao 3 FH AT AR A D) AT gk — 5 3N - SRR ).



%547 X E LTSN IEH) AL A 6945 548 A) AT 4k AR 49 vk 1101

0.5 10— 1.0
& 0.8t
_ , _ 0.6}
AT Ky, = 05 Y = 04l
- — iy, i 2y, 0.2}
0.5 — : 0 : : 0
0 0 0
! — KRy, — %Ry,
0.2 — ety o 70.2r — Py,
= b = |
-0.41
-0.6
or 0f
L e FHy, e FFy,
0.2 — Py, o 70.21 — iy,
= : =
—0.41% -0.41"
-1. : : ) S— : -0. : :
10 50 100 150 0 50 100 150 0-6 50 100 150
B [a] /411 B a] /411 Vs
(a) K,=0.5 1 (b) K, =13 fi5 (©) K,=0.51%
1.0
= = 0.5 :
S e | L e Ky,
0 N — Py
— #Hly, '
-0.2 : 0
0 or
e *FRy, R — *ERy,
Loz — iy, L 02 — Ry,
= L = b
—0.41 % ‘ -0.4F
-0.6 - - -0.6 . . -0.6
0 0 0
A L %Ry, 1 K Fy,
L0 s L 02n — bl | 7027 — iy,
= s | 'z = 1
-0.4} — &y, -0.4} -0.4}"
0.6 : : 0.6 ——— - 0.6 : :
0 50 100 150 0 50 100 150 0 50 100 150
i ) / 984 i i / 484 i ] / 374
(d) K,=2.01% (e) K,=0.5 1 (f) K,=2.01%
0.6 0.6 0.6
0.4t | 04l [ 0.4t
= i = i = i
02} ........ gQ,%yl 02} ........ ;Q;%y‘ 0'2_ ........ 96%}’.
i — Py, — iy, — ),
0 : : - 0L -
0~ 0.2—
B P 3 N B N — %Fy, (U Mae %Ry,
) — ey, < 02r
-0.8 : : -1.0 — : -0.8
0 op 0p
'~.: ........ K Fy, -0.2 ""‘-. ........ S Fy, -0.2 _':,1 ........ KRy,
—0.21% — iy, . — iy, . — iy,
B L0417 o= 04y
S04k 0.6k -0.6
-0.6 _ L L _ L N
0 50 100 150 08 50 100 150 08 50 100 150
fsf 0 / 984 fisf 0 / 484 I ] / 374
(2) K,,=0.9 1% (h) K, =151% () K,,= 0.6 1

Bl5 FEEmKAEHESER

H 07 FCE5 R AT R0 BE S B 2(b) AT 2(c) Flron B, AU % BE, OBl N FE AR T B, 2 AR A T BN ) 4y
AR ST B AR 5 AR SRS T LA R MIR QP B SRS W] DL — PN RGN T



1102 ¥ % 5 2 XK 34%
F1 XRERSTHERTES EXLE 2593,

5

FHK 244 (Loop = 300) SRR /s
N P M RE PEHIGE PR
B AEiide R
120 50 10 6.9359 5.585 7.5613
120 50 30 24.1351 10.4155 16.4696
120 50 50 40.7725 16.511 19.8167
120 120 10 14.2402 7.9911 13.9498
120 120 30 54.3688  17.9636 22.9594
120 120 50 120.3388  32.6253 35.1087
120 120 120 4454607 115.8424 96.2827
& w

ARSCHR T T P AR TR P T 4 o A

SRS, T4 7RG, R T ARG ETESE, 158 1
PR RO B AR R S5 I A BBURR A B2, At o AR o 155
UL T SISO B/ AR MIMO 2 48, 45 20/ 1
FEL & 7R LA 5] N7 B AL SR, 2t — 20
/N TR G RIAE 2 TE S X P SR S AT 7

5,

LRI UE T A SCTVR A Rk, B 17 P 4 S s

H LR R AL 5 0.
£ E 3 fk (References)

(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

JRE A B TR #% ah) [ML). B8 2 b, bt BB Tk ki,
2013: 51-72.

(XiY G. Predictive control[M]. 2nd ed. Beijing: National
Defense Industry Press, 2013: 51-72.)

ARV, T E AT, Tk, AR TN ) AR S (M.
A5 AeE Tk kL, 2010: 1-10.

(Zou T, Ding B C, Zhang D. MPC: An introduction to
industrial application[M]. Beijing: Chemical Industrial
Press, 2010: 1-10.)

JH5 A P, 2 4 A, R drk. R TR 4% o — BIDIR 5k
% ], B 3hk AR, 2013, 39(3): 222-236.

(Xi'Y G, Li D W, Lin S. Model predictive control —
status and challenges[J]. Acta Automatica Sinica, 2013,
39(3): 222-236.)

Salsbury T, Mhaskar P, Qin S J. Predictive control
methods to improve energy efficiency and reduce demand
in buildings[J]. Computers and Chemical Engineering,
2013, 51: 77-85.

Mayne D Q. Model predictive control:  Recent
developments and future promise[J]. Automatica, 2014,
50: 2967-2986.

Camponogara E, Jia D, Krogh B H, et al. Distributed
model predictive control[J]. IEEE Control Systems
Magazine, 2002, 22(1): 44-52.

Lima M L, Limon D, Camponogara E. Distributed
satisficing MPC with guarantee of stability[J]. IEEE Trans
on Automatic Control, 2016, 61(2): 532-537.

Bemporad A, Morari M, Dua V, et al. The explicit
linear quadratic regulator for constrained systems[J].
Automatica, 2002, 38(1): 3-20.

Rubagotti M, Barcelli D, Bemporad A. Robust explicit
model predictive control via regular piecewise affine
approximation[J]. Int J of Control, 2014, 87(12): 2583~

(10]

(11]

(12]

(13]

[14]

[15]

(16]

(17]

(18]

(19]

[20]

(21]

Zheng Y, Li S Y, Qiu H. Networked coordination-based
distributed model predictive control for large-scale
system[J]. IEEE Trans on Control Systems Technology,
2013, 21(3): 991-998.

Li S'Y, Zheng Y, Lin Z L. Impacted-region optimization
for distributed model predictive control systems with
constraints[J]. IEEE Trans on Automation Science and
Engineering, 2015, 12(4): 1447-1460.

Kouvaritakis B, Cannon M, Rossiter J] A. Who needs
QP for linear MPC anyway?[J]. Automatica, 2002, 38(5):
879-884.

Li D W, Xi Y G. Quality guaranteed aggregation based
model predictive control and stability analysis[J]. Science
in China Series F: Information Sciences, 2009, 52(7):
1145-1156.

SeRMi. ZARE GRS SN (M. e B
AL, 2001: 113-120.

(Chai T Y. Multi-variables adaptive decoupling control
and application[M]. Beijing: Science Press, 2001: 113-
120.)

BESCRE, RN, BT, AR E RGN ST
FEBLTE [J]. 41 L, 2011, 18(1): 39-42.

(Xue M S, Fan D, Wei H H. Decoupling design
of generalized predictive control for multi-variable
systems[J]. Control Engineering of China, 2011, 18(1):
39-42.)

BN, TKAE, VR, A5 BREARE S R R R o
RS FI 428 ) T AT SRS W AL A (7], KGR TR A5
%, 2017, 57(3): 308-315.

(Luo X L, Zhang J, Xu F, et al. Influential mechanism of
switch between manipulated variables and feed-forward
variables on feasible region of model predictive
control[J]. J of Dalian University of Technology, 2017,
57(3): 308-315.)

TEE T HES M) JE5T U Y R,
2016: 95-101.

(Ding B C. Industrial predictive control[M]. Beijing:
China Machine Press, 2016: 95-101.)

GBS B E H. 1255 M. 553 IR Jb o 1H
MK 2 A, 2005: 8-15, 176-178.

(Compilation of teaching materials for operations
research. Operations research[M]. 3rd ed. Beijing:
Tsinghua University Press, 2005: 8-15, 176-178.)
WOk, T3, MR, 55 s LAR (M. 55 3 M.
A5t A2 Tk ke, 2012: 114-133.

(Dai L K, Yu L, Tian X M, et al. Process control
engineering[M]. 3rd ed. Beijing: Chemical Industrial
Press, 2012: 114-133.)

Zhao M, Ding B C. Distributed model predictive control
for constrained nonlinear systems with decoupled local
dynamics[J]. ISA Trans, 2015, 55: 1-12.

Ding B C, Ge L, Pan H G, et al. Distributed MPC
for tracking and formation of homogeneous multi-agent
system with time-varying communication topology[J].
Asian J of Control, 2016, 18(3): 1030-1041.

(FAEHE: F F)



