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Abstract: This paper presents the stability conditions for mulfi-input/multi-output {MIMO} dynamic mammix control
( DMC) systems. A new form of DMC algorithm based on a finite impulse response (FIR) model is proposed. The closed-loop
stability conditions for the MIMO DMC algorithm are detived, These results provide theoretical fourxlations for analyzing and

designing predictive control systems .
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1 5|5 (Introduction)

R AR 5 (MPC) ih T 3L BL 7 o o B BB LA
BAMSE FETANERSEN, O TESE ik
BTremAY A TFLREABOIERESTH
EH,ETE- SRR HBRNEHRATIER
g ht, AR R AR D (RiE , A E ZE R HH
FAGFRE. Y, B TR LA RESE
o B FTRT, B A BB RO E RS E By
BRI F R S5, LB R RGBT
H BEESHATRER XM TENTERRBR, T
HHEgE2RHEROESHER. I, ERMFELE
KXt E MPC BERWHFHEURSHHBHK
LEHTTHEANBEIEHH . Gacia and Morari 1 K
6 PIRERI R 51 T AMIT T — R RIS i A S0 1
(SISO)MPC & B iy a2 s 4, x (314 2189
TRMEYN MPCEENBRBERE . RHERR
% ATE R AN T, 7 T SISO S5 B REHE
#(DMC) 55 7 SCTR 8 2 0) 7 6 1o PR FF B 2%
BT I8, % F 8 MPC B B R BRI 40 17, B AT
E& AR T SISO #5. T3KERE fIH i MPC

W % B R 11999 - 08 - 29; Wk HOHE E B - 2000 - 05 - 26.

BEITEM MMO % . BW,AUBEHTS

WEAFR MPC RSN FAFie s HEE & .
FEXHEHY MIMO Z8, FR ST EAE

DMCHE L MHAF 8 E &M, 5552 T ok vy i

(FRIGEEHH R T DMCE B EHER L #

S183 7 DMC AR AT B E &4, AT 00

@i mil s Aot 7 B3I KiE .

2 ETF FIR #£E 4 DMC 8% (DMC algo-
rithm based on FIR models)
DMCEERFI R BT H A MA A Cuder F A

BT B U R AR R 4R M 0 — R T P R a8

Garcia AR 7 H# B opMC . B E TH

i BEa4T, B a8 T FIR SR E R DMC B 3.
BE—FF B E M2kt MIMO LA AL

T Bk e g (FIR ) #E R e 8

y(k) = 2 h(Dulk - i) + d(k), (1)

Kby (k) € R AdREH, k) € R AdE%
Wiksh, u(k) € R™ REHB ARG € BT
= 1, N) R AN Bk md i RRCGERE ; nu, ny
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FRABBELERASHEEEY, N Wb
AR BT 2
EF 1k FIR 8,30 B 0% L FWE 9k +
JINTAEY .
Pk +7) = 7k + /) + 970k + ) + d{k + ).
Pk 4y = SR(Dulk+j- ),

=1

#{k+j) = Zﬁ(f)u(k +7 -1},

{2)
Hebh 97(k + j) BB T 2 E58 AR S HioEm,
Flh+ YETTREHATRERH L WER, ™
d{k + ;) 3R BT SN0 S s X SAF PR {h 3 45
BB, X8 A() Yt B8 3 0Bk rh i b R
FEREEFEAE T XS A0 FIR RHOEPE A1),
i=1, N BTHELS 4(k) RETW ,XEE
Bty ERiksy, mA

dlk +j) = d{k) = y(k) - Zﬁ(i)u(k —- ),

(3)
ZE (b)) AIBREE ke RNMEE.
DMC R B ET F RAR RS HELFF
lAu(k), -, Aulk + m - 1)} LMETFZ Bin Rk
vk

Bk = S (r(k) = 9k + YR -

F=1
§lk + 7)) + i&uT(k + )R Au(k + 1),
=0

(4)
K m HEH e, p ST, HEERp >
myr(k) € R BB ¢(k) WS LREM, Q
5R 5B BIRESE ATH I RBIER.
BEiRRH O(k) —FEHEMEREHLFTIELER
R B e E, T R AN SR RTEE/D.
B E MR R A
e(k+jy=r(k)—g(k+jy=elk+j)-5f(k4)),
(5}
H
é(k +j) = r(kY— #°(k+j) - d(k + j). (6}
HTFEEEHGALS m BZEHEFAE, B ok
smei)=ulbk+m-1),i=0;HE Aulk + m +
1) =0,i =0 R

)= 2R ulkej~i) = 2 AG-ulk+i),

HAMY ;> mif, &
sk +)) =

2ﬁ(j-i)u(k+i)+c(j—m+1)u(k+m—1).

(7}
Hp

—m+l

c(jemsl)= O h(jmi)= 2 h(i), Vjmm

£3

[ u(k) #k+ 1)
n = [ }, :sz ,
wlk+m-1) #k + p)

(e(k+1)] [étkn)]
‘ elk + p) 8k + p)

A1) - 0 0
I IR 0
| A(m) - A2y &(1) ’
Eip) - R(p-m+2) é{p-m+1)
{8)
m
= Hu, e = & -~ Hu. (9)

BFau(k+i-1) =ulbk+i-1Y—ulk+i
—2),\9”?.-1-'%

(1Y

Aulk)
Au = ( ], B = Om ,
Aulk + m-1) 0.
I, O 0
- b, I
G = ,
. . 0
0 - I, I,
n Au = Gu - Bulk - 1), (10}
4
Q = diag(Qy - Q,), R = diag(R, - R,},
m
G(k) =(& -~ Hui)"Q{# -~ Hu) + (Gu -
Bu(k ~ 1))'R(Gu - Bu(k - 1)),
(11}
HEB/N_REHN
v =(HQH + CTRG) '(H'Qé + C"RBu(k - 1}).
{12}
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BT DMC RABAKA, RAEEWEA o HE—
TN A g LR, B

ul(k) = K& + Ku(k - 1), (13)
He
K, = B"(H"QH + G"RGY'H"Q,
K, = B"(H'QH + G"RG)"'G"RR,
NE

ulk) = }E‘_,Kqé(k + )+ Ku(k - 1),

3 SEEDMC REMARAESEH
{ Closed-loop stability conditions of MIMO
DMC systems )

HT
é(k +j) = (k) - E BCu(k+j-14) -

b= g+l

y(k) + D AU ulk - i),

=1

P = ST ulk - i) + dlE),

HEEE(N +5) = 0,/ > 0;
B T

wCk) = VK, (r (k)= d(h)) + K (k= 1)+

S Ky S DB -A G Dulh- ),
CI% 1
u(k) = K(r(k) - d(k)) + Kaulk-1) -

K,E(h(f)—ﬁtf))u(k—e)—SK,u(k_i),

r=| =1

(15)
H
IL = :§]j;3, E& = zi]ﬁ;,ﬁ(i + j):
i=1,,N.
%
u(k-1) ul(k)
oD =| "ED Ly aay 2| D
ul(k-N) ulk-N4+1)

I PT S (15) R FE AR T IRAETESR:
(k) = As x 2{k = 1) + Bs x (+{ k) - d(k)),
Ll(k) = Cs X x(k),
(16)

Hp
ﬁfn, ﬂfiz nllh E;
L. O. 0 O
As = . « Bg = .
O - Fu Oy Opa
Cs = (I, On 0, ) »

My = K+ KCR(L) - (1)) - K,
My = K(R(i) - (D)) - K, i =1, N,
EF(16), THE/SIAU TR SHEH.
EE1 (RAELTE DMC B EHELMH)IXT
FRAB AL MIMO SR (1)A, XAE
TR DMC #HB(3)AEARERERENRES
BBEEMNN A WA REEHTER RN .
4 EF|(Example)

L2 ML i 4 ) i 4 B A T8 ok 4, L0
— LA BRI RS A

)= eol):

4.05 _x, 1.77 _x,

505 + 1° 60s + 1°
Gu(s) = | F £ . (17)
5.39 e S5.72
50s + 1° 60s + 1°

Sty uy 49800 A T 6.5 o B 4R 16
By p ST S B F A B o
BB R £ 4. £ 7 B DMC B B
()R B , TR R L SR S
o0t T B S R
WE 1 HLEME G(s) = 6,(s), HHER
REFRT, < 45, RIS N = 101, BB n
_ 2, BREFER p = 100; MR EIAEY O -
(:} ") i A R, = (> 1?0).
BB A, 80 57 K I (6 K1 7E % 4 B g, 3L
ERAKMEN0.93R. hEE 10 H, ZFMNEREL
R,
W2 EREEM T METEHBEN N,
mpEE5HEE | HE, MEXBEAEA G(s) =
4.05 5 3.7 .m

50s + 1° 60s + 1°
CEIFRED A BT
5.39 w572 i, TRAE 4
50s + 1 60s + 1°

FARAE S BB P, B AR 0.9853.
MEE 1AM, RENRFEEE T H, BB E
HRZNRIERT.
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ME 3 ERFAY T AL ECERHBSH N,
mp FEWEIE | MR, MEENER 6(s) =

s+ s + 1 L A s
5.3 s 5T (TR 4, 3
30s +1 60s + 1

THGIEE 2 A B LAST , B R IR AR A E W 1.0128,
HER 1 B, @ TR Kk, 5 P 7R )
AZEABE.

ME 4 EFZEIFR C(s) = G.(s), et
¥om = 1, M p = 5; RSP T, MHEEE
HBBHESHE | HEA. i FB 8 A A HFIE
EEAUELS KT BESRKEN1.0.AFH 1
A, B THERER, REE RIS ELR,
T EH 3 RS WL R E .

% ERF BN, BT A AR &8 MIMO
DMC et E 8, AIHTHREH AS s SR
HE, RS AR VAR BEE. REER 4; 0
SEB A, HR A Matlab ZEMNH RS LA, 7
TMMO DMC AEREMEMIF. . HEFEHF
A BT ERTF MIMO Bl H B S TS
B®it.
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