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Abgtract : A modified interna model control (IMC) method for non-square processes with multiple time delays and
right-half-plant zerosis proposed. By inserting compensated terms, the unredizable factors of the derived controller
are removed. A first-order filter is added to the IMC structure to improve the robustness of the control system.
Meanwhile, the sufficient and necessary conditions for holding robust stability of the system are analyzed in the
presence of parameters uncertainty. The low bounds of the control parameters are derived quantitatively to guarantee
the robust stability of the system. Finaly, smulation results show the efectiveness of the proposed control schemes.
Key words: IMC; Robust stability ; Non-sguare processes; Time delay; Right-half-plant zero

1t ghell ,
[2] )

[1]

[3] mx n(m < n)

[4]

: 2007-01-08; : 2007-05-15.
: (60704021) ; (04-0383) ;
(04QM H1405) .
(19789 , , , : (1967 ,

) ’ 1



23

582
ou (9 o (9 g (9 G(9) +,
a9 = P (s g2 (9 | % (9) e G (9 = G(9 Cf(S)+.
.. Q(9 = G(9 Nop(9 Nz(9 Ni (9, (6)
g (9  gme (9 gm (9)
1 0 (9 = gijo(s)e'e'l"s G(9 i o o
| 40(9 N+ (9 _dlag{O\is+1)"i’ i=1,2, ,m}.(7)
90 A i N G(9 ~
1 [ : G(9 ~
Gn(9 = G(9 , 1
H(s) = G(9 Q(9 = No(9 Nz(9 Ni (9. (8)
1
2.1 Qs [4]
[5] .
Q(9 = G (9 'Ns(9. (2 Q(9 : Pade
G(9 G(9 N (9 Q(9 gi(9 (=12, ,m,
Q9 =12, .0 ,
_ as+t a e
e gi (9 = hs+ b® o, (9)
GG =6@"[ccH"]", ®
Y . a = thhy + dobv, @ = dobv, b =- dof dh;
Q9 a9 | b :{1’ b0
G (9. (9 bl
, (9. dr:ﬁgmg—d’géﬁ, f=0.1.2
G B9 = ¢ (9d¢ (9
2.2 F(9

G(9 ° g

No(9 = diag{e®*,i=1,2, ,m}, (4)

6o G(9° [
G(9 ~ i , B = 0.
G(s *
G(s *
Nz(9 = diag| km(‘si—;?“)“‘, =12, .m.
(5
D2 G(9 i
1z Zk g Zx
: Tiz G(9 = i
Fiz . G(9
,Nz(9) = I.
No (9 Nz(9) G(9)

6]
a1
F(9 _dlag{@Di/2)5+l’l_l’2’ ,m}.
(10)

Q(9 Ai(i=1,2, ,m

3.1



A= Gm/x,

5 583
F, 1 , Bv:[h(l),m(Z), b(k, b(mxn],
Q . v=1,2, ,nXn,
A i = O\
(7()? (9) >0(i=1,2, ,m b(K = [(RAT ®I]wve0([@'“£i\hiﬂp
3.2 (i=1,2, ,m,j=1,2, ,n)])k,
g =
p\Nl 9\~1 9\~1 ‘Q\NZ 9\~2 ‘Q\Nn Q\Nn /] LX nl.
|_|A{ GG = Gm +AA}- (11) n n n
An = [Bu . (i =12, m | =12 ., TVeC(X) [ Xiu Xa X X2
n)]mxn . [5], Xnn] .
1 : ZZ|A”|2=1,<»r max ZZlA.,
i j
o) p(QFAA) <1, Wo, VAa. (12) s = f)\Ni (14)
) - . T Ty -1 ) 15
(12 H x (xx') 'y (15)
1 )\i n n
y= 3 S 1AM 1,
| ]
2 1 . . .
x = 2Re(AiB1 + A2 + + AdfBn +
n n A_l‘ﬁml + + A_npnxn).
(3 1 IQRl 197 <1, W, VA
i j n n
, Aimn =N + max€\) , ZZ|A_”|2-1>0;
P(QRAL) < QAL ¢, WO, VA, =
I - I e Euclidean Aimin =N Z Zl Ai|?-1=
IQRA Al = (5 51 [QRI 197" < 1,
i ] A iz min :)\_i+minQ\Ni), Aij 2. 1< 0;
Yo, VA, iZjZ' |
P(ORAL) < 1.0 i=1,2, ,m (16)
, Il QA ANl r =1 4
)\i-min, )\i >)\i-min [4] 2)(3
: Q
Q - [q“ 0\-[ +9\_|) , g 055-815 :I 215845 5 885-815
) ) 50s+1 60s+ 1 50s+ 1
(i=21,2, ,m, j=1,2, ,n]umxm, G(9 = oas e 4se
. Ai = Ro K 50s+1 60s+1 40s+1
A . Taylor o,
No (9 = diag{e ®°,e **} ,N:(9 =
Q= [qi Q1) Jwm + [ﬁ‘iia—@%hlﬂl_]nxmdiag{%}. Ni (9 = diag{l/ Ais+1), U Qs+ 1)},
(13) F(s = diag{1/ (40.5s+ 1), 1/ (21s+ 1)}.
(1sp) ,
13 A = QFA
(n )n QF A1 =245 A, =7.9,
Sy Al = Q9 =
= -0183s+00791  5.2959s- 0.0032 s
o, . . 67.69s + 1 62.9465+1 °©
Z Z| Ai|* + 2Re(A3: + Azf32 + + N
i j - 18.467s- 0.336 e 12 15,2025+ 0,275 1
8.737 4s+ 1 4.964 8s+ 1
Ao+ AP+ + AB o). (14) +S+ ) ) >
* ,Re(-) , 14.9255+1 °© 31.575s+1  ©

[3]



584 23
Qu(s) = P(QFALA) =0.4, 1, F(9
[12.346s + 0.246 9 i : ,
20s+ 1 0
4,536 55+ 0.071 2 3
0 13.708s+1 ©
5. 768 3s+ 0.085 9
0 . b2
L 37.154s + 1 -
2 3
[3] , [4] 0 0.5 1 1
| .3 n=n=0d-= 0.2 23,
d =d =1s 1 Smith
14] Y2 0
02035 1 15 % 05 1 15
t/10°s t/10%s
(a) r=1/s,r,=0 (b) r=0,r=1/s
4
5
110° i110's
1.5 )
035 0.5 120 0.5 1
t/10%s t/10%s ( References)
(a) r=1/s,r,=0 (b) r=0,r=1/s [1] Trebiber H. Multivariable control of non-square
systems [J]. Industrial and Engineering Chemistry

2

0.8 1
Oj8 1
3
G(9
+30% , (15) , (16)
F(s, F(s =1
)\l-rrin = 43.68 )\2-min = 21.81,
4
F(9 , F(s) . , F(9

Process Design and Development , 1984, 23 (4) : 854
857.
[2] Vachos C, Williams D, Gomm J B. Solution to the
shell standard control problem using genetically tuned
PID controllers[J]. Control Engineering Practice, 2002,
10(2) : 151-163.
Sarma K L N, Chidambaram M. Centralized PI/ PID
controllersfor nonsgquare systems with RHP zero[J]. J
of Indian Institute Science, 2005, 85(4) : 201-214.
Rao A S, Chidambaram M. Smith delay compensator

for multivariable non-square systems with multiple time

(3

—_—

[4

—_—

delays [J]. Computer and Chemical Engineering, 2006 ,
30(8) : 1243-1255.

[5] Morari M, Zdiriou E. Robust process control [ M].
New Jersey : Englewood Cliffs, 1989.

[6] Normey-Rico J E, Bordon C, Camacho E F. Improving
the robustness of dead time compensating Pl controllers
[J]. Control Engineering Practice, 1997, 5(6) : 801-
810.



