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Abstract; In this paper we discuss the parametet stability domain of linear time-invariant large-
scale systems by using the scalar Lyapunov function method and combining with Bailey inequality,
And a new form of the parameter stability domain is acquired. Finally, we take one nth-order system
with two subsystems as an example and point out that the new paramcter stability domain and the
parameter stability domain resulted from the vector Lyapunov function method are not included each
other.
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1 Introduction
It was generally considered that the parameter stability domain of linear time- invariant
systems resulted from the vector Lyapunov function method is larger than that resulted from the
scalar Lyapunov function method(1(2), Recently, Tang Gongyou pointed out that this view is not
correct and has proved that the parameter stability domain of a 2nd-order linear time-invariant
system resulted from the scalar Lyapunov function method is not smaller than that resulted from -
the vector Lyapunov function method. In this paper, the nth-order system with m subsystems is. .
restudied by using scalar Lyapunov fuction decomposition method and the conclusion mentioned
above is extended to the nth-order systems. The basic idea is that we treat the derivates of
Lyapunov function of the large- scale system by putting the incidence terms of the pairwise
incidence subsystems together and making good use of Bailey inequality, thus, one new form of
parameter stability domain is acquired. By comparing the two parameter stability domains of the
nth-order system with two subsystems resulted respectively from both the vector method and the
scalar method, the conclusion that the two domains are not included veach other is also obtai'ned-
2 The New Result of the Parameter Stability Domain of Linear Time-Invariant
- Large-Scale Systems
In this section, we study the parameter stability domain of linear time-invariant large-scale

systems by using the scalar Lyapunov function decomposition method combined with Bailey
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g aality For this reason, we introduce the following lemma
¢
i Lemma If the real number a>>0, then ¥ z€ [0,00)
2 2a’

Now s consider a nth-order time- invariantylarge—. scale system described in the following

2
— a4 b — =2+ b

matfi" form i
Xi= AX+ D 44Xy, i=1,2,3,5,m, D)

= '
and its ™ isolated subsystems

Xo= AXi, i=1,2,3,,m. L @
Where
X = (X?),X?)’“' ,ng))T € B, E”»“=:’n, L

A € By d, = 1,240 ,m.
Assume that the eigenvalues of the #th isolated subsystem are satisfied with
Re(2.(4)) <0, 7r=1,2,0,m, ' 3
and then, according to the Lyapunov stability theory, there exists unique.symmetric matrix B;

catisfied with the Lyapunov equation

ALB; + By =— I, | 4.
and B; is positive definite. Take the Lyapunov function of the isolated subsystem (2) as ,
Vi(X) = XIBX;, (5

and then, the total derivative of V; with respect to ¢, obtained along the solution of (2) is
Vil =— XTX.
Take the Lyapunov function of the system (1) as

V= ZV,-,

where V; is defined with (5), then the total derivative of V' with respect to {,obtained along the
system (1) is

Ve = [ XTX, + E(XTB,A,,X + XJATBX)) |
J-‘#i."
..ZJ( XIX) + Z}_,XTB,A,,X + L}JXTASBX
i==] {1; =1 g— (
= i}(—— X7X) + E ZXTB,A.,X + Z, wazz X;
=1 = ];é, =1 ]H& s ach s

n

=Y~ xIx + ZJ[XVB:AU + A5BYX])
. 2O
T convenience, let B,dy==[ B Jn,Xn;,
Whepe '
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%
Brr';.j) == Zbr(i)aii’), tyf = 1,2,~,m,

hence
Ve = 2 [ Z( XOY 4 Z E L (BS) 4 B(,;))XO)XQ)]
=1 paz] 5;{ po=] gm=)
m % . m M
= [— X9+ >3 (BY + BPHIXOXY |
=1 r=1 j=1 o=1
i ;
- 2 L‘{ VS [__ ~__1_.,_Xr(s)2 + (B + BQD)XS»')X@] }
“ - n o
$=] p==] \ j==] =1}
o4
b *i m ’_':_‘ {:
X(x) + (B(u) 4 B(]‘))?_X(J)] }
; r=1{ J=1 #=1 2(n - n')
jE
- [ S x® ZJ E B Moy 4 B(;»))qu):l :
=] =1 j=1 &=1
J£s
1 '[_ —;-XTX + }__, Z E —Tped 4 B<J'>)2X<f>]
=1 ';,#:1 ==l gm=]
Let 'Ls'j = max{ (& — ) Z(B,.(:j) + Bgrﬁ))27 s = 1,2, ,ﬁj} »
r=1
then
Vor < “‘(— - XIX, + LLUX@)
i=1 J];} =
_$ (= Lgms S Ligy,
— o ‘_2011
= =
= 23( = )+ ZJZ“Z*LUXTX
g==] i==1 )ﬁé
__.m ___}..’T mj“‘_l_' P
—Z,( z“‘*)‘*‘ ;é 5 LXIX,
Y
S 1+ )
i=1 j=1
s
it can be written as
1< &
Vo5 (—— 1+ EL,,)X? .
=1 =1
o

Obviously, if Z Li<<l (¢==1,2,+-m), then V)< 0. Hence, the balanced state of t

J=To5

(6)

N

(8




A New Conclusion on the Parameter Stability
Domain of Linear Time-Invariant Large-Scale System 413

gOfem . s
heorem For the nth—order linear time-invariant large-scale system (1), assume that the
m
Val\les of its m isolated subsystems 2 are satisfied with the condition (3), if z L1
=1y 574

9,e=m), then the balanced state of (1) is of asymptotic stability, where L is defined

"wlth
3 wmpmson of the Parameter Stability Domains

1t was considered that the patameter stability domain resulted from the vector Lyapunov

un ction decomposition method is larger than that from the scalar one. In fact, this view is not

correct: In this section, taking one nth-order large-scale system with two subsystems as an

pamples We show that the parameter stability domains resulted respectively from these two

methods are not included each other.
Now, € ons1der the parameter stability domain resulted from the vector Lyapunov method.
A Vl - XTX1 + ZXTB1A12X2

e Wt
=—XIX; + 2 > XV XPBG?
r=] g=1

"1

" .
w NV y? A2) v (DY @
25 (= x0T 2 2 B x®)

»

1
< j(.~ —X®* 4 2a, }_‘Bm) XD )

Pz
n N
1

=— —XIX; + 20, ) > BIVXP',

2 g==1 p==] .
& Let O = max{BP, 7= 1,2,,m; s=1,2, i} s ' (9)
i9j == 1,2, ’#: j,

then le < %«X{Xl + 2nqn,0%, X7 X,.

Similarly,
1
Vo<~ 7X5Xz -+ 2mn05 X7 X

A i '
Cceording to the theorem concerned of the vector Lyapunov function decomposition method,
When

lm(Bl>Am(B2)
4244 (B An(By)’

1 [M(&)M(Bz) | ; -
O | < dnny \ A(B)An(B)’ ' e Q0

the . :
balanceq state of the large-scale system (1) is of asymptotic stability.

AnfndChChH <
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_ 1 [1aBm
Let 4y = duyny N Ay (By) Ay (By)’

where Ay (B)), A, (B;) (i=1,2) is respectively the largest and smallest eigenvalue of the g
' I
B. ) . .

In terms of |C12Cr | <4y, the incidence parameter stability domain can be drawn, See’ F

Secondly, consider the parameter stability domain resulted from the scalar LYapu

methoed. In terms of (6)
2

2
Vo <D, [w %—XTX + -;—- > ZJ Ln, (BS» + BW)ZX(J)]
=1

J=1 a=1 p==1

‘iL

2

2
<>) [m XX+ 2 a(Cij + Cj) XTX]
i==1

Fr‘-’
) , 1
=‘%‘[— 1+ amy(Cyy + CIZ)ZJXfxl -+ ?[_ 1+ 2, (Cyy + Cy)?]XEX,,

hence > when nlﬂz(012+021)2<1 ) i.e.

1
[Cr + Oy ] < ’ (1D
~/ Ryfip
the balanced state of the large-scale system (1) is of asymptotic stability.
Let
1
4y = ’
~/ 7y

in terms of |Cy-+Cy | <4y, its incidence parameter stability domatin can also be drawn, see
Fig. 2.

Cie Ch
" -~
|~ 42
he—cs sy’ 7
s T
T 0 M/ Co *Az\g Ca
/j/
Fig. 1 Domain from vector method Fig. 2 Domain from scalar method

In terms of both Fig. 1 and Fig. 2, it can be seen that the incidence parameter stability
domains resulted respectively from the scalar and the vector Lyapunov function decompositio? :

method are not included each other.
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