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Abstract

The regularization, the impulse-free, and the stabilization of the rectangle descriptor decentralized control system
by dynamic compensation are studied in this article. The necessary and sufficient condition of the regularization
and the free impulse of the closed-system after compensation, and the necessary and sufficient condition that the
rectangle descriptor decentralized control system could make it real stable by the dynamic feedback are provided
and the results keep consistent with the square system in form.
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1. Introduction

In recent years, the research on the descriptor decentralized control system has been developed largely, and
especially for the decentralized (pulse) fixed modes and the impulse controllability/ observability, a series of
results have occurred (S. H. Wang, 1973, P. 473-478 & Q. L. Zhang, 1989, P.866-871 & T.N. Chang, 1986,
P.1276-1181 & T.N. Chang, 2001, P. 1589-1595 & Xie, 1986, P.185-188 & Xie, 1995, P.145-153 & L. Dai,
1989).

Formerly, the coefficient matrix of the system was square, i.e. the line number equaled the column number, but
no matter in theory or in practice, the coefficient matrix may be rectangular, for example, the rectangular matrix

pencil (SM —N) is used to denote the structure character of the system, and describe some differential

equation in the practice, which is very important to study common system. Q. L. Zhang defined the finite fixed
modes and the impulse fixed modes of the common descriptor system (including centralized system and
decentralized system) (Q. L. Zhang, 1989, P.866-871). Ishihara J Y redefined and studied the pulse
controllability and impulse observability of the non-square (rectangular) descriptor system (Ishihara J Y, 2001,
P.991-994), and Hou M defined the controllability of another kind of impulse modulus to the non-square
descriptor system, and proved this definition was equivalent to eliminating the impulse modulus by feedback
(Hou M, 2004, P.1723-1727).

The target of this article is to design N dynamic compensators to make the whole closed-loop systems to be
regular, closed, gradually stable, and impulse-free.

2. Basic knowledge

For the descriptor decentralized control system with N local control stations described by

N
Ex(f) = Ax(t)+ ; B, (1) N
y;t)=Cx(t), ie N={L2,---,N}
Where X € R" is the state, 4; € R%and Vi € R are the input and the output, respectively, of the 12/

local control station, the matrices E,AeR™" , B,e R"* , C,€R"" are real and constant,
ie N={1,2,---,N}. Assume the matrices B,C are full rank, andrank(E)=r, 0<r <min{m,n}
obviously. If m=n and det(sE—A4)#0, sec ,we call (1) is regular, otherwise, if m#n or
det(sE — A) =0, we call (1) is non-regular. If m =n, we also call (1) is a square system. If not, we call it a

244 ISSN 1913-1844  E-ISSN 1913-1852



www.ccsenet.org/mas Modern Applied Science Vol. 5, No. 2; April 2011

rectangular system or a non- square system. We sometimes denote system (1) by (E, A, B, C) for short.

For the square system, following lemmas are fundamental.
Lemma 1 (D. Wang, 1989, P.127-131): For the square system (1), the control rules exist,

u,=ky +v, ie N={l,...,N}, and the sufficient and necessary condition to make the closed-loop

systems
N

Ex=[A+ ﬁ BK.Clx+Y By,
i=1 i=l1

, be regular and pulse-free is that for any non-intersect divisions P ={i,,*-+,i,} and P ={i_ ,++,i,} of

theset N ={1,2,---,N},

0 E O
rank| E A B, |=n+rank[E] )
0 G 0

Lemma 2 (Hou M, 2004, P.1723-1727): The sufficient and necessary condition to make the square descriptor
system FEX = Ax to be regular and impulse-free is

0 FE
rank E o4 =n+rank[E] 3)

Lemma 3 (X. K. Xie, 1988, P. 1550-1551): Supposed that A€ R"™™", Be R™,and C € R”" are fixed

. X . . .
matrixes, and K € R™? is variable matrix, so

) A
gr[A+BKC]|=min{rank|[ 4, B],rank{c}} “4)
K

, where, “ g.r” denotes the generic rank of the matrix, i.e. it denotes the maximum rank of the matrix in the
square brackets when the matrix K changes.
3. Description of problem

The decentralized stabilization is to find N local output control rules with dynamic compensator
E z,(t)=S8z,(t)+ Ry, (1)
ui(t) = Qizi(t)+Kiyi(t)9 S N = {1729:N}
, to make the closed-loop systems composed by the system (1) and the system (5) be regular, stable, and
S, R,

)

pulse-free. Where, z,(f) € R™ is the state of the i ’th controller, and the sizes of the matrixes E,,
Q. and K, respectively are m.Xn,, m.Xn, , m, xXp; ¢;xn, ,and ¢, X p,.
The formula (5) can be simplified as
{E;(z) = Sz(¢) + Ry(?)

u(t) = Qz(1) + Ky(1)
Where,
E U block—diag[Ecl, E - E ]

S Ublock —diag[S,, S,, -, Sy ]
O0block —diag[Q,, Oy, -, O, ]
RUblock—diag[R, R+, Ry ]
K Ublock —diag[K,, K,, -, K, ]

T

(6)

ZD[ZlTazzT""ﬂzNT]

The whole closed-loop systems composed by the feedback rule (6) and the system (1) can be denoted as
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E 0 |[#(n] [4+BKC BQO|[x() ,
0 E|z0))| | RC S || z() @
, where,

CTZI:CIT c’ CNT]’B:[BP B,, -, BN]

N N N
Note: m,_ = qu , h, = an and 7, = ZI’Q .
i=1 i=1

i=1
4. Main result
4.1 Regularization and impulse-free

The problems which should be first solved is the regularization and impulse-free of the system. According to the
definition in Xie Xukai’s article (Xie, 1986, P.185-188), the main idea is to compensate the system (1) to be a
normal square system by the dynamic compensator, and then solve the problems of regularization and
impulse-free of the square closed-loop systems.

The system (7) should fulfill the condition of regularization, i.e. this system should be square system, so the
dimension of the designed compensator should fulfill
n+n,=m+m, ®)

Theorem 1: For the system (1), the dynamic compensator (5) exists, and the sufficient and necessary condition to
make the closed-loop systems (7) be regular and pulse-free is that, for any partition of the set

N ={1,2,---,N} into disjoint subsets P ={i,,~=,i,} andP ={i,,,,"*,iy}, the following inequality is

true

0 E 0
rank| E. A B, |=n+n +r—m,—n; )
0 C; 0
Define: m, Zqu, n; :an,
ieP ieP

Proof: By using the Lemma 2, the sufficient and necessary condition that the system (7) to be regular and
pulse-free is the following equality holds:

0 0 E 0
0 0 0 E,
rank =n+n,+r+r, (10)
E 0 A+BKC BQ
0 E, RC S
Supposed that

E. (block-diag[E, , E, - E, |
S Oblock —diag[S,, S,,-++, S, ]
QO block -diag[Q,, O, Oy, ]
ROblock —diag[R, R+, Ry, |
K Ublock —diag[K,, K, K, ]

ET:[ClT CzT CN—IT:I’ E:[Bl’ By, -, BN—I]

The left of the formula (10) can be written as
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0 00 E 0 0
0 0 E 0] |0 0 0 0o E 0
0 0 0 E 0 00 0 0 E,
E 0 A+BKC BQ| |E 0 0 A+BKC BO 0
0 E  RC N 0 E 0 RC S 0
00 E 0 00
0 o
0 0
0 0 [k 000C, 0 0
1B, 0 {ijv gﬂ{o 00 0 01, (h
0 0 A
0 Imﬂv

According to the Lemma 3, the sufficient and necessary condition that the formula (10) exists is

0 0 E 0
0 0 0 E,
E"NE 0 A+BKC BQ
0O EE RC S

=n+n,+r+r,

[0 0 0 E 000
0 00 0 E 0 0
rank| 0 0 0 0 0 E, O|+m,
E 0 0 A+BKC BO 0 B,
|0 E. 0 RC S 00 |
= min [0 0 0 E 0 |
0 00 0 E
E 0 0 A+BKC BQO
rank — __ _ |+n,
0 E 0 RC S
0 0 E, 0 0
100 0 Cy 0

The sufficient and necessary condition that the formula (12) exists is that

0 0 O E
0 00 0
rank| 0 0 O 0
E 0 0 A+BKC
0 E 0 RC
, and i

EC
0
BO

S

0 00
0 0
E_ 0|+m, 2n+n +r+r,
0 B,
0 0
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[0 0 0 E 0 |
0 00 0 E
E 0 0 A+BKC BQ
rank — — — |+n,2n+n +r+rv, (14)
0 E 0 RC S v
0 0 E, 0 0
00 0 Cy 0 |
, all exist.

By repeatedly using the decomposition of the formula (11) and the Lemma 3 to above two formulas, the
sufficient and necessary condition that the formula (10) exist is

0 E O
rank| E. A B, |Zn+n_+r—m,—ns; VPC N (15)
0 C; 0
, where, m, = qu , Ny = Z”cl- , PUP= N,Pﬂl_) =@, i.e. to any non-intersect divisions P and
ieP icP

13 , the above formula exists. End.
Note 1: In the condition (9), when m =n, there is n, =m, +n;, which is just the condition (2), i.e. the

condition that the square descriptor decentralized control system is regular and impulse-free. That means the
Theorem 1 keeps consistent with the sufficient and necessary condition that the square system is regular and
impulse-free in form, i.e. it is the sufficient and necessary condition that the common descriptor system is regular
and impulse-free.

4.2 Stabilization
Lemma 5 (G. C. Verghese, 1981, P.8§11-831): For the square system (1), the sufficient and necessary condition
that s € C,, is unstable finite decentralized fixed modes or pulse decentralized fixed modes is that, for any

non-intersect divisions P = {i,"-+,i,} and P ={i_,,,**,iy} oftheset N ={1,2,---, N},

sE-A4 B,
rank c 0 <n (16)

P
, exists, and here, C,, =C, U{oo},and C, denotes the right-half complex plane.

Lemma 6 (Z. W. Gao, 1997, P. 2520-2521): When and only when the system (1) has no unstable decentralized
finite fixed modes and decentralized pulse fixed modes, the square system (1) could be real stable by the normal

(Ec,. = 1) decentralized dynamic compensator, i.e. the corresponding closed-loop systems is interiorly real
stable.

Lemma 7 (Yang, 2004): The sufficient and necessary condition that the square system (1) is closed and regular in
the static output feedback is that, § € C (complex plane) exists, and for the certain one non-intersect divisions

P={i,-,i} and F:{ikﬂ,---,iN} oftheset N ={1,2,---,N},

sE-4 B,
rank c 0 >n (18)

P
Theorem 2: The sufficient and necessary condition that the descriptor decentralized system (1) is real stabilized

by the descriptor dynamic compensator (5) is that, for any s € C, , there is

+e
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E—-A B
sE-4 B, B, ’ ’
rank c ! >m and rank| C, >n (19)
?
C(Z
, where, jeN={,2,--,N} , @ and @ are any non-intersect divisions of the set

]y_/ ={13237N}_{]}

Prove: To study the stabilization of the rectangular system (1), the compensator should be used to compensate
the system to be square system first, and here, the method to build the compensator can be described as follows.

One singular dynamic compensator is added to the J th subsystem first, and for the convenience, supposed that
the following singular compensator is added to the first subsystem.

{ECIZ'I () =8z, + Ry (?)
u,(t)=0,z,(t)+ K, y,(¢)

To compensate the whole system into the square system, the corresponding closed-loop systems is

E 0in] [4+BKC BO x| &[B
E] bl i WD T
x(1) 21)
nele o) 0]
i={2,3,---,N}
Supposed

E 0 A+BKC, B B
E'= ,A'= KiGo BO B'=| ,C'=[C, 0]
0 E, RC, S, 0

c

(20)

, and supposed that the dimension number of the sub-compensator fulfills
n+n,=m+m, (22)

The stability of the closed-loop systems (21) is studied as follows.

From the Theorem 1, one dynamic compensator (20) exists to make the system (21) be closed and regular, i.e. all
parameter matrixes in the system (21) is relatively fixed. By using the square system as references, the finite
fixed modes of the system (21) could be defined as follows.

Definition 1: If max [sE'-A'+B'KC'l<n+ n, exists,and s is finite, or

rank
detlSE'=A'+B'KC"=0

,80 § is one fixed modes or finite fixed modes of the system (21).

Definition 2: Supposed that (sE'— A') has infinite zero points, and if

ma [sE'-A'+B'KC'l|<n+ n, and S is infinite,

X rank
, the system (21) has the pulse fixed modes or the infinite fixed modes.

From the Lemma 5, forany s € C, _, when and only when

+e

sE-A4 B,
rank >n (23)
C; 0

, exists, the square system (1) has no unstable finite decentralized fixed modes and the impulse decentralized
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fixed modes. According to the Lemma 7, if the square system has no unstable finite decentralized fixed modes
and the impulse decentralized fixed modes, the system certainly is closed-loop and regular in the feedback of
static output.

According to above discussions, that the system (21) is closed-loop and regular could exist obviously, and based
on that, the real stability is studied as follows (D. Wang, 1989, P.127-131), and (N —1) normal dynamic
compensators are added to the system (21).

z(t)=S,z,(t)+ Ry, (?)
u,(1)=0,z,()+ Ky, (1), ie N, ={2,3,---, N}
,here, S, eR"™ R eR"“", Q0 eR"™ K eR", ieN, ={23,,N}.

So the obtained closed-loop systems

24)

N
A+ ZBiKiCi B1Q1 B1Q1

E 0 0 %0 p e NG

0 E O z()|= RC, S, 0 |z (25)
0 0 Iz RC 0 S ([a@®)

, is stable. i _

Where,

S, Ublock —diag(S,, -, Sy ]

O, Ublock —diag[Q,,---, Oy]
R block—diag[R2,---, RN]

T TAqT
D[Zz 572y ]

0 I

ITD[CZT e CNT]a EID[BZ e BN]

Because the system (21) is closed and regular, so the closed-loop systems (25) must be regular, so the existence
and uniqueness of the solution could be guaranteed. From the Lemma 5 and the Lemma 6, the sufficient and
necessary condition that the square system (21) can be real stabilized by the normal compensator (24) is that the
system (21) has no unstable decentralized finite fixed modes and the decentralized impulse fixed modes.

The sufficient and necessary condition that the system (21) has not unstable decentralized finite fixed modes and
the decentralized impulse fixed modes is deduced as follows.

According to the definition of the fixed modes, for any s € C ves

N

g SE'-=A'+ Y B'KC'1>n+n, (26)
p i=2

, exists, and the system has no unstable decentralized finite fixed modes and the decentralized impulse fixed

modes.

By repeatedly applying the Lemma 3,
sE'-4' B,
rank 2n+n, 27
C(ZI
Here, ¢ and ¢ are certain non-intersect divisions @, ={i,,*-+,i,} and @ ={i,,,"**,iy}.

That is just equivalent with the Lemma 5.

The formula (27) can be denoted as follows.
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sE-A-BKC, -BQO, B

sE'-A4" B, %
rank c 0= rank -RC, sE, -8, 0
P
C, 0 0
sE-4 0 B, B 0
‘ -k, -9[C¢ 0 0
= rank 0 sE. 0 |+]0 I, (28)
1 YIRS 0 I”q 0
C, 0 0 0 o0
From the Lemma 3 and the formula (28),
'sE-A4 B B, }
rank E
C. 1
SE'-A' B, -
rank ' |=min sE—A4 B >n+n, (29)
C’a1 0 P 1
rank| C, +n,
L C@

So the sufficient and necessary condition that the formula (29) exists is that

[SE-A4 B, B,
rank >m (30)
o
, and
SE-A B,
rank| C, >n (31
?
, all exist.

So the sufficient and necessary condition that the system (21) has no unstable decentralized finite fixed modes
and the decentralized impulse fixed modes can be obtained, i.e. the sufficient and necessary condition that the
system (1) can be real stabilized by the compensator (20) and the compensator (24).

And the compensator (20) and the compensator (24) can be written as following form.

(E, 0[z0] S 0][z0] [R 0][n®
o 1)z0] [0 slz0]lo &|»®

() (o oz [K o»n®
w®] [0 2lz0] 0 &|»o

(32)

, where, the definitions of z,, S,, R,, O, are same in the former of the article, and in addition
K, Ublock —diag[K,, -, K, |

bl D[szs”"yNT]T
21 D[uzTa”'auNT]T

In this way, the obtained dynamic compensator (32) can real stabilize the rectangular singular system (1), and
obviously, the compensator (32) keeps consistent with the compensator (5) in form.

By the same way, the sufficient and necessary condition that one singular dynamic compensator is added to the
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] ’th subsystem of the system could be deduced.
End.

Note 2: In the Theorem 2, when m = 1, the formula (19) is equivalent to the Lemma 5 in meaning.
5. Example

For one double-channel system,
2
Ex(t)= Ax(t)+ > Bu;(t)
i=l
y;t)=Cx(t), ie N={12}

, where,
0 0 1 1 00 0
7= 1 00 A= 1 00 B = 1
010 0 1 1 0
00 0 0 0 1 0

6. Conclusions

The dynamic compensator is adopted to change the rectangular descriptor decentralized system into normal
square system, and the corresponding closed-loop systems is studied in this article, and the sufficient and
necessary condition that the closed-loop systems is regular and impulse-free is obtained, which keeps consistent
with the corresponding sufficient and necessary condition of the square system, as seen in the formula (9). For
the stability, the singular dynamic compensator is added to one subsystem, and then the normal dynamic
compensator is added to corresponding closed-loop systems, in order to stabilize the rectangular singular system,
and the sufficient and necessary condition of the corresponding square system keeps consistent in form, as seen
in the formula (19). In this way, the whole system is not only gradually stable, but also has not destructive pulse
behaviors, which is very important to perfect the descriptor decentralized system theory and apply the descriptor
decentralized system in the practice.
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