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A stochastic distributed predictive control algorithm for uncertain systems
under cyber-physical system environment

YANG Xiao-feng, XIE Wei, ZHANG Lang-wen'
(College of Automation Science and Technology, South China University of Technology, Guangzhou 510640, China)

Abstract: Aiming at the packet loss problem that may occur under the structure of Cyber-Physical Systems, an analysis
and design method of stochastic distributed model predictive control is proposed. The packet dropouts from the controller
to actuator transmission channel is modeled with the Markov process. By augmenting the linear model of Markov jump, a
distributed model predictive control method is designed for the stochastic uncertain system with packet loss. The system
is decomposed into multiple subsystems, a stochastic distributed predictive control is designed based on the minimum
maximization optimization problem. An iterative algorithm is proposed for the coordination of the distributed predictive
controllers. The proposed distributed predictive control algorithm is tested on a DC motor system, and is verified to be
effective.

Keywords: cyber-physical systems; packet dropouts; Markov jump; uncertain systems; distributed predictive control

=

0 5 B
AL TR LI 42 1) L B Eh N T 5l AR 4 i
T RGAEY) LR R G F IR AR KA %,
T Al — M RER bR, RIS T2 1
FEHIN, JER 2 A0 2 R AN 2 R e R T
— AN ZIR SO AHT A N T T A )
SRAELAAL, LE N T 0% ZR e 1 1 2 U0 A ik ) 7]
RE Y B TSR i JT RO 156 0L, 42 11 5 0 i A I e Ak 2
gt N, B U i e LA FH B,
FRELARGE T R E NG R R0
N RT3 A T A R T L AR, R 2R M S R A

s BHA: 2018-12-28; 1&[E HHA: 2019-03-28.

RGN R AT T A TR D), i T 7 2
PR R P2 PR AN S5 2015 B IR 2 S B2 i O, Ik
2> SRAAR ) A (1 A 7 e AR A S5 A B0 PR T B B
A] B B . R, SERR B AR T, B 5 R
ZUMAE 2 SFBARM AR ERERZ, L EAR
SE . IR AR S5 A BB AL 2R R R I R X Bl AL IR
RREAT AR,

N T AR AR B B T SRR 2R I 1) R, A A9
H T 73 R 2R I £ ) SR, RO B 8 T R
G A R R R RS T R G bE 0 i
MEEE0 iy FAEFE s v R T AN ZHAA

ESWH: BFBARFEESTH (61803161); [ &4 31 2341 Gk 1 BA +F %I T B (2016YT03G125); VL1
7 A7 BEAE A BA 5133 50 B (2017TD03); T~ A4 B4 0H &I 5 B (2018B010108001,2017B090914001,
2017A040405023, 2017B090901040, 2017B030306017); | MM BH 815 H (201707010152); |~ A& H
AR S TH (2018A030310371); S =i SR AR L 55 9% L 0% 4 00 H (2018A030310371).

RERE: BHE.
Tl IAA/EH. E-mail: aulwzhang@scut.edu.cn.



1896 ECa |

5

xR ¥35%

B VBN TRV, X T oAk & R 8, TR0 T
a2, S BT B 2 1) 77 V5 F AN B SRS AL 1Y
PRI RCRI, A BB 555 e R G A&
KA E R RG I RRE N T RGN & T
RGBT &8, s S AR R A ) 4 o
— B0 T A G B ) SEVE A OOT DA BRI 4
il s DO AR T 75 I 8], 7 ELAE F2 1 45 45 A A R PR A R
Tk T 22 U7 TR A 3, DR HE A 7R T 4 )
SRS TS B SR g A B (U

AR BAAEE B ZBNERMEL RS, K RS
IR AT RGHAT IR, W T T BN KA
AR o3 A TR A2 1) @8 BT J73, R 3 A THsARAL
) 42 ) % W R B2 g BE AL A QTN 42 o) 55
VRAE PR LR GE BT 07 AR, DI AR P th 7
A L.
1 [

AR A PR E RS, % RG] 4 2
AT a4 B E SR
(k+1) = A)a(R) + 3 (0) BRu(k),
y(k) = C(k)x(k),
[A(k), B(k),C(k)] € £2, (1
0<Pr(v(k+1)=0y(k)=1)=a <1,
0<Pr(y(k+1)=1]y(k)=0)=8< 1.
Hr:z() € R* u(-) € R™.y(-) € RE3HINZRSG
RAS O NFEH; AR)s B(k)~ C(k) 23N R G010
RASFERE < a0 AR Ay B 2% AR E 2R Pr(a|)
TN FFA b LI, S5 A o RO AL

P4 18 R G T IS B HA(K) — [ (k),

L
AR TR0 < A < LY A = L
=1

SR R A LT 2 4 10 B s
1k, RQ2Co{[A©, BO O]}, Hh Col-} AN, K
L

[A(k), B(k),C (k)] = Z)\g[A(f),B(E)’C(E)]_

=1
%Wﬁﬁéiﬁﬁﬁ‘]KE%U,M%%IJ%%%”%@UW?%%%E‘J@
HME 5B G ER SNy (k) RBoaRTE k2 E 4, H
(k) = 1RNIAT 25 BT BRAT 45 1] 45 o 4% ok (1)
B9, v(k) = ORI #8 um AL Rz H{E 5 Rk
BV IE — 25 A R IR N 5 A 1) S R BRI R W =

{0, 1}, FHRL A ELFEME R Ry
H_F—B 6]’ @

a l—«

Hortan B BN E R AR I B,

5B A ST 4 ) o 38 T — AR
k) = F(k)x(l, k), 80T PEgefabrse

Joo (k) = Z{Ilw(l, WG +llu@. KR G

Hi:Q € RV, R € R™ ™ R IRES %A

TR, (1, k) N kI ZIX R ke + DI ZIR 3 1 T30,

u(l, k) 9 kI 23R R b+ D Z A
FEREAN FAE IS 20 ke, £ o AR 10 v 4138 Dy

min max Joo (K);
u(l,k), 1=0,1,...,00 [A(k),B(k),C (k)] €2

s.t. (1) ~ (3). )

e AP R TR R S 3 et — AN — [ 2]
DR A — NS A 45 80 15 (k) FE S B
ST 3. SR £330 2, T T B4 £
F% (y(k) = 0), RGBT AL 2 BB UL,

et b P T 1 S A2, A BB
T4 T B4 A5 ST o 7 35, T 1 . %
AR T RGVE T ARG 58, WHEA 5 BT
AT AR AL 36 HE 4 B & T R G T 52, A 00 T AR
1) 5o 43 A 2 AR AL, 35 8 3% B 1O - 5 140 43 Bk
/s 2) 38 125 A B T S A 4R 7, B SR 43 i o
MR A T, T B T A S VAR 1 S5 T, I3 R
G 2 1 T 2 B W A

‘xl
TR >
....................... X
FR452 >
""""""""""""""" Xy
T-REN >
X

1 HANARBTNIEHILEH
VTt o3 A 2 FTINS ] 2%, AR (1) 2505 B
5611(](3 + ].)

ri(k+1) | =

_LENN(}{Z + ].)_
_wll(k) ~

A | (k) |y BB (k) - Ba(k)]] wih) |.

e (k)
)

EG)



% 8 MR 5 A5 ST T AR R A0 AL A XM 42 ] 1897
(CEIE SN Fj(k)z;(1, k). (11)
zi(k+1) = A(k)zi(k) + (k) Bi(k)ui (k)+ Ferbus (1, k) A (k + Uk) R4S, Rk LN ZE)
. N B (b Ok ; PRSI 23 (L, k) Ay (k 4+ 1) BUT 2(1, k) 2L
W0 2 BEGE- O e

Ha;(k) € R ui(k) € R HNFRGAE L
ZIKPRE RN, B; (k) N B(k) K550 51.
N T AME T R BRI, 8 Lud (k) N
zm@_{m%*”“_h
Sud(k — 1), (k) = 0.
bei s A1 K B/ L1 72 W
ug (k) = y(k)ui(k) + (1 = y(k))oui(k —1).  (8)
W B 1R, AE 3 1 % 2 AT 4% o 3 0 — A 2%
12, | T A7 b — I Z0 06000 3 2R G2 145 1 wd (k —
1), FEAR A 2 75 A B i B L fid T R S R AR R
. AR M SRR (), WIER ZEAT 45 3845, (k), WK 3
it 0BT G e, I 5 R 9% A7 4 A7 Ak P 428 1) SRS wd (R)
= u; (k); WERGEAT &5 1A 3RAF 3 B0 Al 0, A FH 42
B R B ud (k — 1) MEINE] R 4. @5, 2%
TEWIBEIN 2 k= 045 ] 284 1 RE 0% B DA% 4 B AT
a7 (0) = 1
AR GAL AT LUE K
zi(k+ 1) = A(k)z; (k) + Bi(k)ud (k)+

)

> Bj(k)us*(k). )

Jj=1,j#i
He:§ e [0, 1] N8R, ud(k) N kB Z) <2 it
IR RGN, u; (k) AT R AT RGN,
ud* (k) NRGj KN,
%IEEI ﬁu%ﬁﬂ}_%ﬁ%ﬂﬁ‘%&xi(o) T R Sk

{gy; zi(k) } < oo, W4T RE: (9) K IS
FYRBN R,

2 FENLG A B ) o 5 i
585 1 AT RS B E T R 5 (A4 (R), Bi(h),

L
K] = Y AJAY, B B ki T i RUR
=1
B

N

will,k) = F(R)asu(l k) + ) Fig(k)a;(l k) =
j=1#i
Xt Fu,(l, k), B

Uj(l, k) = Fjjl’jj(l, k) +

AT RYSEREE LA (k) =... = an (),

BTy (k) = F} (K)a; (k) = F (k) (k). B4

wd (k) =1 (k) F, (k) (k) + (1= (R)ud (k—1). (12)
NTRBEAARRGNG KRR, L uf(k - 1) =

Fy(k — V)a; (k) z (k) = [T (k) ud(k - 1)T). #3351

fi (1=7(k))0B;(k)

bi (=R -

zi(k+1|k) = l
Hrp

i = Ai(k) + Bi(k)Fy(k), b; = v(k)F;,

N
A;(k) = Ai(k) + B;(k) > F(k)
J=1+#1
Fﬂm%?%%j%%%?%%nm& s ds i
ST F R0, 4t — AN BRI B R AR b
‘ﬂ@ém%ﬁ@?ﬁ%ﬂﬁ

min max Ji(k);
w; (1), 1=0,1,...,00 [A; (k),Bi(k),B; (k)] €2
s.t. (b)) ~ (13). (14)
Hrp
Ji(k) = Zﬁzi(k){llzi(lak)ﬂéi + [Jui (1, k)%, +
=0
N —
> lus LRI} Q= diag{Q;, 0},
=1,

Qi > 0~ R; > 0N T RG8i FPIRAS R AL E.

BT J; (k) 22— J6 73 I R FR Aw, Bk ik
o] R (14) fETHE EANTISKRAR. R T HES RS BEAL
R 1, 5 X IR R

Vi) = 2k |00

zi(l, k). (15)
0 Gm(l)]

EEP:W(Z) c W = {0;1};Pi,'y(l) c Rnxn,GiN(l) S
R O IE R RE. 5 N0 &8 A e T A, DAAR
UE A RS BENLAR E 1

e Vil + 1, k) = Vi(l,k)} <

N
e { =W RIZ, + @RI, |- a6

Jj=1

SR AN = 051 = co B, B EVEREF 5
R max Ji(k) < Vi(k). Wi 2w

[Ai(k),Bi(k),B; (k)]

i%%%#(mxﬂﬂ?%éulgm zi(1,k) = 0. Kk, 434 %



1898 # % 5

xR ¥35%

T ] 2% T H R BETHIRAS OB IR (10),
fEV (k) B 5 /e, BT

i i st Vi(k) < ps. 17
w5 S8 VR S o ()

EIE1 4ES, ﬁﬁfpz > 0, % BRHLFE P o

Gio~ Pias Gias Wios Tion Wi~ T AT RS FE
Vi Z W TE=1,2,...,Lip=1,2,...,2M f§
[ -pi,l 0
|0 Giy >0, (18)
Lj 12 Li 29
W1 0
0 Tia =0, (19)
_ Hi 1o H; 5
0 0| =
00 Gio Lia» >0, 20)
L s Ei,22
Wio 0] 5
0 Ti,O] Hiz >0, Q1)
o« H; 22

T35 2 & 7]‘7#‘%% P4 (16). Hrp
Li s = diag{W1, T, p;Q; ", piR; '},
APP.+BYY 0

Y; 0
Lo = _ ,

P, 0

Y; 0

o R, 0
H; 9o=diag{Pio, P;1,Gi0,Gi1}, Hi12= [0 p]’

= [\/&Wi,l V 1-— OZV_VZ'J},
— \VaT, vi—al],
Agg)pi’o (53561,0

_ 5G,
Lo = —0 Gio ,
Pio 0
0 §Gi o

z22—d1ag{WZOT107pz i 7pz }

A (k) = As(k) + Z B;(k)F,

=1t
_ I 0
H; 10 = l ’

0 o, Sy = [V1— Wi \/BWi,o],
=[V1-8Tio BTiol,
N
> FTR;F;.

Jj=1, j#i
R T RGEA (13) f1 =R (15),
EREEREMAM A6 TS

b =Q;i+

ermizi (LK)P] OiqainPizi(l, k)} -
2T (L ROy 20l ) + iy {10 R) I3, +

N
lat W+ Y @ RIE <0 @)
Jj=1,j#i
/\EP
|t (L =~(k))éBi(k) _|Piry O
b= » Qi) =
by (L —(k)I 0 Giyo
Pintn)lv) 0
Oy =| 7 :
0 Ginr)h

A, A (22) AL AT PASUS il e i 264
£ {P; Oinui1Pit — Osny+

B o R(E o+ |90+
0 0
N
> [Fp 0"R;[F; 0] <0. (23)
J=1,j#i
KT A (23), T E BRI FEN, BTy (1) = 17

(1) = 0, N4> AliEAT BHE.
D XMFAl) = LAeo-{Oiyan}t =
adiag{P; 0, G0} + (1 — a)diag{P; 1, G, 1 }. WRWT
PRAN 25 AL, ) A (23) 45 BIARIE:
Wi1 0O P, 0
0 Tis 0 Tiq

T

ik i,k T

Qi 0
00

Y; 0TR;[Y; 0]+ +

N
> [F; O0TRy[F; 0]<0, (24)
Jj=1,5#i
Pi70 0
«
0 Tio

Pi71 0

+(1—«
(I-a) 0 T,

Wip 0

< )
0 Tiq

(25)

Ai(k) + Bi(k)F; 0
Y, 0]
é\piﬂill = Pilasz71 = Gz 1apz 10 = ]:)107

Hep g, =

G_o = Gzo,pz = zlapszll = Tzl Xt
(24)§J\7JUHUFﬁd1ag{p2 "L pr G RN T =
1,2,...,Lop=1,2,...,2m BT FAF R, =
24 13 BIPRIIE:

Agg)Pi,l"i‘Bi(g)FiPm 0 ' Wii 0
F,P;, 0 l 0 T )
A9P +B®%, Pyol [Py 0 .
LipPin 0 0 Gia




%8

MR 5 2 BB T TN 2 R LA RAALS A X TR 45 41 1899

[FZ-PM 0 ]T flR-[FiP“ 0]+

Al = Af) + XZBPE;QKJ:ERJﬂ

Jj=1,j#i

K, QR A (18) 3 A2, W 2% A1 (26) AL
*F 370 (25) A5 e diag{W; |, T; ' }. 1351

diag{W;1 — aW; 1P W1 — (1 — a)W; 1 P11,
Ti,1*aTi,1Gi,olTi,1*(1 — )T, G
HE, 2645 (27) AT 245 A%

lwm 0

FiaTia} 2 0. 27

- HZ 12H1 22Hz 12 2 0. (28)

0 T,

FI F Schur #h 5] 2, a0 5 =X (19) 35 2, ) 5K (28) 1k
S, B (1) = 1, 2644 (16) AT @R 2614 (28) A1 (19) 15
FI{RILE.

2) T (1) = 0157, 152
A; 0B;(k P
Do = olk) *) , Oio = o 0 .
I 0 Gio

TRA e.,0=0{Oira+1)} = Bdiag{P; 1, Gix} + (1 -
B)diag{ P, o, Gio}. A2 T 2, WA (23) BAL:

_ T
Ai(k) 6B;(k)] [Wio 0] [Ai(k) 6Bi(k)
0 oI 0 Tio|| 0 oI
Py 0 0
. 90 S0 sm R0 o1+
0 Gi,O
N
> [F 0"Ry[F 0] <0, (29)
j=1,j#i
Py 0 0
Y 0 Gia +{ 5) O Gzo
Wio 0
’ . (30)
0 Tipo

LpWig = Wio,piTiy = Too A Q9 IR
Fe diag{p? Py, p? Gig } WARX T ¢ = 1,2,... L,
p=1,2,...,2m 320) i 2, W L (29) AT

X3 (30) B JE e diag{W, o, T 1. 752

diag{W; 0 — SW; 0P Wi — (1 — )W, 0P, s 0,
T — o 0T Tio — (1 — )T 0T; g Tio} 0. 31)
RS AT (21) Bz, A (31D A3 BIARAE. O

FIEV (k) < pi TRAEUS
Pi *
w6) Pl 0 ] > 0. (32)

0 G

RIAEHTUGE I 2 kA R AEE, By (k) = LA

Py =1,Giym = 1 FEG) AT LIS N
1 *
Py 0
i(k T
zi(k) 0 G,
g b BEHLAR T L 04 S R g
A 1] @ AT DA IR N

= 0. (33)

_ _  _ _ min_ Pis
P; 0,Gi1,P;1,Gi,0,Wi,0,Ti,1,Wi,1,T5,0,Ys,2Z;

s.t. R (18) ~ (21), (33). (34)

T, I R (34) TSR] YL P R 2R
BREEFERRF, = VP RAC I (34) 1541 (33)

1&%? RGRE 2;(k), 83 75 26 R AR AL ) (34)
A LAMS B s il u, (1, k) = Fi(k)zi (1, k).
22 EREZL

SRAROCAL 7 (34) I, 2 /T R G0 1) i il 4
A F SRR, BT AR RS R RS &, SR AR 28
iNT RGN R I F (k) I 75 B AL T &
Gi 1 s I ) (K). 4h Han R IsARE I

A1 fEWIGE R 2, 45 58 {F1(0),..., Fxn(0)},
Ql,...,QN,RI,...,RN,ijU%_ﬁméﬂztmk A iEMA
WKHiter= 1, EE L N L FE.

step 1: BEANT R 404 10 Il A5 A #4243 B2 (k)
=y(k)F (k) + (1 — v(k)) F(k — 1).

step 2: AT RAR 34) K15 Py (k), Yi(k),i = 1,

-, N B s bl Fy (k) = Y (k)P (k).
Mw&AE“WM—Fm» S € (k) 3117 5t
PR RSE Fy(k), i = 1,2,... N f

[E0) — FOY) (k). (35)

WS 2 20 (35) Bliter = ¢, 1, WA 4T F (k) A
S Aot b A, 45 ) BB B (k) = FU (), 94
iter = iter 4+ 1,3% [A] step 2.

step4: il w; (k) = Y; (k) Pt (k)i (k) BI%t %

step 5: £ F — KA 2k = k + 1,3 5] step 1.

T e SR ik A7 S, I mids
IR PR T 2 i o5 325 AR B8 AR 185 m g 185 4, 75 22
FEFE I VE R 5 v BN E] 2 Tl 4 Hh . AR SCR H 4 R
RefR bR, WERBEAT 78 70 IEAC, W7 RGE I VERE 4R R

L5 p; B B % ) T AR R R ) T I RE R AR
Fp.Wlpr=...=pn=p.
3 iEAY

SCHR [16] 45 T B AL ) 2R 48, A SR %A
AU e 3 W 2% A8 T At FE AL B AL A1 7, DA AR E
AR SRR A S, B FALAE A AR Gt 1 R ] g AT



1900 #w % 5 * #35%
WU )36 P 7 FE v 5 8 6
. N At g a
u(t) = Ldla(t) + Riq(t) + es(t), 0
dt (36) ool 20 406080 100
Kiu(t) = Jd%(ft) + Bw(t) + T;(t). 8 200
Hrfu(t) = eq(t)s en(t) = Kyw(t) A% 154 380 20 40 60 80 100
i N P AT S ) LB A, Lo T SR LUK, i (1) A g Zom
e 25 JB LU, R O TSR LI, B oA R LR R ) R s
H, KR IG, R EAN R ] HL B B B T () M 0.1 N—
SRR, w(t) A HLAIEE. ~ o
Lai(t) =iq(t), w2 (t) = w(t), us(t) = eq(t), uz(t) 1020 40 / 60 80 100
t
_ 7(t). /85 e
Ao () R K, 1 B2 §=0.6 TR FRGH L% EERERBIRMMN
(37) = 3F—wwm-w
d.l'g(t) o K B R L " L
a — g nt) = el = (). 4080 2040 60 80 100
b2 37 BAT UL, 2 2 (k) = [2T (k) 23 (k)] s 200
k) = [ul (k) ud (k)" 155 . . . .
u(k) = fur (k) g (K)]", 32 380 20 40 60 80 100
k+1)=A(k)x(k) + B(k)u(k .
{w( FD) =AW+ BEuR), - __
y(k) = CR)z (k). %7320 40 60 80 100
RGFEMELEL T HA RGP L 0-1
<0
A 0.2378 —0.0022 B 0.158 1.643 0.1
8.96 09223 | 1.643 —1131|° 0 20 40 60 80100
A 0.2378 —0.0022 B _ 0.138 0.965 E3 = 1FHNRESGHLEEERESREBAN
8.96 0.9223 | 1.643 —1131|° _ LOW
< 05t
10 coopt 08 0 g UL
cV =c® = L) 1] : 0 10 20 30 40 50 60
s T
BHEHQ = | | Ry = Ry = LIIKGEL ol i
2 Qiol’li 2 = LAJIIR 2000 10 20 30 40 50 60
zg = [0 0]T,u1(0) = 0,uz(0) = 0. HRFIKRER N
\ s gl > - A R L
MZ%ENa = 01,8 = 0.9. 86 = 0.6. K2 N RS H 200 53250
R AN, S 2k Ry B v A 1, R 2 oy A tls

XTVE EERRW, MARE SO = 0.6, M L2 EH
LA 73 A AT 1, R G ER R RCR e 22, &
§ = 1, RGuH Hm AR Ged N\ n 181 3 FR, SR 2008
S b U5 ik, ME 20N 93 A STV, B REAIL 50 A1 2
D42 1 595 P HR A PR 42 1 1 e 45 4R v s T 4% 4
X CCHR[14]) 82—

% 18 A 2T 2 1) S i PR Sh ) E A, B
BB dy (k) do(k) 2 RIEF T 21(K)~ 22(k). di(k)
A dy () Gn B 4 Ffros. AFETUB0 T M HOR 5 LA
U & 5 T, SRR B T 5 ik, B R o3 A T
1% H1E] 5 AT, A SCAR Y 0 Bl ATL 2 A 2T 42 o) 55
e E e Kl LIRS S RN kil W e R OGS I N
ST A R

El4 REHFEEERMAMHBER

o~

5

0'——ﬁ§, 2
. A
50710 20 30 40 50 60
600
300 b\
. \/
010 20 30 40 50 60
30 -
20F &
Do
o ... .
010 20 30 40 50 60
O.IJ.{
. h
-0.1 RV, 1§
b 10 20 30 40 50 60
t/s

& 5

BRI T RIHMR SR



%8

MR 5 2 BB T TN 2 R LA RAALS A X TR 45 41 1901

)5 BELAE i5 b FE 28, 3.2 GHz 45 1) CPU B 11541
kAT A TR AR ) 751 CCHER [14]) 138715
I (8] 24 0.36 s, T — 0% AR 7 A7 =X 0 42 il 25 1 3K it
JITAE 2R I TR A 0.08 s, P R = R4 43 A 3045
IV BT T 6] 20 590 9 0.15 s £10.24 8, ¥ /0 T A 2
oINS ) 7 92 R SRAFE IR 8], 3 B AR SC oA X5 3R 15
75 A P TR % ) 7 2 AR R ] f 4 ) R, RIS
DT TR ) 2% 110 SR A 1)

4 4 ®

ARICH RS BV RGBT N I R G858 il 45 o
FIPAT 5455 2 A, P /R BRI R X — Bt
FEHEAT IR, 180 IR I A P 4R PR AR 2 A T 1
I KRG AT ARG AT IR, 3R TR T
IEARAE H B AL 2 A QTR0 4% o SR, et T A Bl
MUE LA € 7 G0 70 A 20428 i) 5 v, 8 s
bR ZR 48 07 AT R B T BT de th 5 v I A Akt

S E 3k (References)

[1] Bauer M, Craig I K, Miyazaki F. Economic assessment
of advanced process control-a survey and framework|[J].
Journal of Process Control, 2008, 18(1): 2-18.

[2] Qin S J, Badgwell T A. A survey of industrial model
predictive control technology[J]. Control Engineering
Practice, 2003, 11(7): 733-764.

[3] Hu T, Lin Z, Chen B M. Analysis and design
for discrete-time linear systems subject to actuator
saturation[J]. Systems and Control Letters, 2002, 45(2):
97-112.

(4] Yk, (40, G7o7. BT 2 HARRR RE N EREIEL
PEFRINE S (7). B 36544k, 2012, 38(12): 1906-1912.
(Huang H, He D F, Yu L. Robust nonlinear predictive
control based on polytopic description systems[J]. Acta
Automatica Sinica, 2012, 38(12): 1906-1912.)

[5]1 HuT, Lin Z, Chen B M. An analysis and design method
for linear systems subject to actuator saturation and
disturbance[J]. Automatica, 2002, 38(2): 351-359.

[6] Cao Y Y, Lin Z. Min-max MPC algorithm for LPV
systems subject to input saturation[J]. IEE Proceedings
Control Theory and Applications, 2005, 152(3): 266-272.

[7] Alessio A, Barcelli D, Bemporad A. Decentralized
model predictive control of dynamically coupled linear
systems[J]. Journal of Process Control, 2011, 21(5):
705-714.

(8] X% 7, K2R, Arir, . BT 4 sk 0 2%

F) 73 BB R T 5 1 D). 24 5 2R 5K, 2016, 31(6):
1093-1098.

(Liu A D, Zhang R C, Yu L, et al. Extended state
observer-based decentralized model predictive control[J].
Control and Decision, 2016, 31(6): 1093-1098.)

(91  RUTR, HEHE, KX, 7Bt MPC 25t MERE Pl (1. H 3)
AR, 2013, 39(11): 1778-1786.

(Liu S, Feng Y P, Rong G. Economic performance
assessment of decentralized model predictive control[J].
Acta Automatica Sinica, 2013, 39(11): 1778-1786.)

[10] Zhang L, Wang J, Li C. Distributed model predictive
control for polytopic uncertain systems subject to actuator
saturation[J]. Journal of Process Control, 2013, 23(8):
1075-1089.

[11] Zhang Y, Li S Y. Networked model predictive
control based on neighborhood optimization for serially
connected largescale processes[J]. Journal of Process
Control, 2007, 17(1): 37-51.

[12] Zheng Y, Li S, Li N. Distributed model predictive
control over network information exchange for large-scale
systems[J]. Control Engineering Practice, 2011, 19(7):
757-769.

[13] SKVRC, W8 AT 5 W A0 32 BR AN 72 2R 48 B K

FeAfitl 2 25 F 42 1 (7). 420 5 k3, 2017, 32(8):
1499-1504.
(Zhang L W, Xie W. Multi-step predictive control for
input-saturated uncertain systems based on sequential
optimization scheme[J]. Control and Decision, 2017,
32(8): 1499-1504.)

[14] ZouY,LamJ, NiuY, et al. Constrained predictive control
synthesis for quantized systems with markovian data
loss[J]. Automatica, 2015, 55: 217-225.

[15] Al-Gherwi W, Budman H, Elkamel A. Selection of
control structure for distributed model predictive control
in the presence of model errors[J]. Journal of Process
Control, 2010, 20(3): 270-284.

[16] Samyudia Y, Lee P L, Cameron I T. A methodology
for multi-unit control design[J]. Chemical Engineering
Science, 1994, 49(23): 3871-3882.

fEEEN

Wlelg (1976—), B, {148, SRR I % H) 1) 6F
5%, E-mail: auyang @mail.scut.edu.cn;

W (1974-), B, #8%, WA TN, NELESER
1R G i i 5 3 250 78, E-mail: weixie@scut.edu.cn;

TRIRSC (1986—), 3, BHIM, T, MFi4 A0 A2 T
S 5 N2 7T, E-mail: aulwzhang @scut.edu.cn.

(TR FRRE)



