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Abstract Within the framework of a unity feedback closed-loop control structure, a new
analytical design method of decoupling controller matrix is proposed for multiple-input-
multiple-output processes with time delays often encountered in chemical and industrial
practice. Its dominant merit is that it overcomes the deficiency of existing methods based
on numerical calculation and can realize significant or even absolute decoupling decoupling
between the nominal responses of system outputs. Moreover, the adjustable parameters of
the decoupling controller matrix can be tuned on-line in a monotonous manner to cope with
the unmodelled process dynamics. At the same time, sufficient and necessary conditions
for holding the control system robust stability are analyzed in the presence of the process
additive and multiplicative uncertainties often encountered in practice, and correspondingly,
the on-line rule for tuning the adjustable parameters of the decoupling controller matrix is
provided. Finally, simulation examples are included to demonstrate the superiority of the

proposed method.
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Fig. 1 Unity feedback closed-loop control structure
Bl 1A O R S, PR 2R REHNL R, o REHREIHES, d M do
SRR IR SR R A A B TR TS, n o B NG AR a0 AR TR Y
MRS (E S, SRR AOE R 2 I o R R 1 bR B MR R

P11 - Pim

P = (1)

Pm1i - Pmm

HoA pij(s) = poij(s)e%%; 4,5 = 1,2,---.m. poij(s) BT IEN R A BIEH R E. FEH
W, SREREREM P LR SIEAT S, B det[P(0)] # 0, A WAL SE PR FR ). HAER ]
VIR BUED:, ARG 1 BT 7S A Al 125 ) 38 400 B ot I 1 %oF A A A% BR A B A7 9 A R S AE
AEEAFHER, BIAJ1SiE.

2 AR A R R Y BTt

20 7 B ok AR Y a2 BIT RE 3 B B RE 52 1) A% e % L A% B R AT 9 ART RE
FAER B AT T (RHP) 8 295" S AR A0S 0 50 b w1 LA S B AY B A1 R 40 Y.
W, BRI B AL R R T 2, R4 3 1 B SL S 57 ] 205 A ) e PR 42 o) g o e T LA IS 1
HEFRG. M, XEELITIE— T LR RGN

1AL, PR RS e B 0 H = PC(I+PC) ™" W RAERS 52 B AR R
T, M2 AR TR 15 2 2R 5000 W14 125 bR ROH [ I 3 AL TE X, B H = diag[hi]mxom (i =



63 X P T S R R A A A B 883
(2, m), Bt REEIENMGREEL B, 3 HETREER, 775

_ p—lip—1 _ =1 _ adjP . h;
C=P '(H I _det(P)dlag<1hi) (2)

1,2

Headj P = [PY]5,, (0 = 1,2, ,m) 7R P BIERERERE, PY RAMET P HEIC pij
E’Jﬁ@l’%?ﬁ HY 2P R I Y 2R A2 SR TR SR B AR R R S S C = [eijlimxm (1,5 =
1,2, ,m) KR FHE X

pi hq

R i =1.2. .. 3
T Qet(P) 1—n; T oM ®)
4
Pt -
%= Gaagpy ~ 2o 4)

HA goij W T M BRI B AR — TR S AR E T X EE L goiy BIEAXT B K
nij, BIEA R — A IERERL, (15

sMia 1
lim =0 (5)
500 (Joij

ifg
N; = max{n;j;j =1,2,---,m}, 0; =max{L;;;j=1,2,---,m}; i=1,2,-

s (3) T, C MRS AERER T H by —3t fi L. P —
FHETATH, 6> 0. B, R b FA& 52 SRIBHIETAAGEE, B2 0 Ps
BT E T A | SIE R R B BN R T, XSk T R, AR
BEAIRILIL. HOAN, WIS b BORIREBTUCIET: N, R At 04 BT S 58 o 9 P28
FELEHNTRTAE. B, MR dot(P) GHEHRT PU( = 1,2,-,m) fIEF RHP %
BEE A, W2 b TR GRS, T 5 2 X8 DL 8 B B B 2 R 8
R ML .

Gi LAMHT, KELIET EARR A o SRS E AR 4R M0 E00 RF £ 1L R GO R 1
HFETE o

PP

—s+ 2z .
h: =1.2.... 6
¢ ()\ZS+1)N1 ! 1 ( )

* ) <

s+zk

k=1

He, N ARNEZRL, AT RS « RS L%JHjJ_@J;&BT%kE’JﬂH ERERE AR, 21 (k =
1,2,--+,q;) A det(P) WAHSFET PY(j =1,2,---,m) fILFE RHP FGWF A, 2 A 2 HE
LB, ¢ BXBT SRR X, HAER ( ) (4) ATH, C WEIERF, 20F—
AT LA i 4 2 S B ﬁLE’J)”' LA S i B 18] B DU AL 77 X ER AT, T BE A5 5 B A
AT .

RIFHE (6) AN (3), FTRAS WK A5 B REAS A B Ho SRAUYERE A b i A8 922 1
B C, Bf

e 0is s+ 2
Cji—ideal = Ly Qoo D% s . T ;o 67 =12---m (7)
det(P) e tis sz
(Nis+1)Ni s+ 2

k=1



884 H ) £ = ) 31%

RMAMER H, EEBER C v, PY/det(P) T 5380153 BE2 IR & A Bl 5 71
FEH AL R R, BT LAELI B E SEBE, T H 2 det(P) B RHP F iy, &7F7E RHP
T . B, HAEMCE B T R 2 B i AT R E AT B . EHARA (7),
GGE

—Lij)s
Cyi = De—(0: q i) —- 1 . _S+Zk’ i,j=1,2,---,m (8)
(Ais+ 1N kl;[lerZk ()"5+1)ik_1 stz
Hrp .
D = goij [[ (=5 + =) (9)
k=1

H(9) AT, N BRI SR @ SRR RS E — IS8 (= 1,2,---,m). BT (8) AR A
HAE W TR
lim 1 =1, lim 1 =00

—0; qi 0 qi
5—00 e 0;s i —s+ 2k s—0 e 0;s i —s+ 2k

_ 1—
(M\is +1)Ni s+ z; (M\is+ 1)V s+ z;

k=1

B LB T AR — AR X B O 2 B R R 4, AT AR T AR 1] 2 B i DA 37 ] B 5T 5
.

k=1

In Out

Y

2 PR T

Fig. 2 Closed-loop control unit
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