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€, Control of Discrete-Time Switched Ité6 Stochastic Systems Via
Dynamic Output Feedback

Ligang Wu and Daniel W. C. Ho

Abstract— This paper is concerned with the 7., dynamic
output feedback (DOF) control problem for discrete-time
switched Ito stochastic hybrid systems. By applying the average
dwell time method and the piecewise Lyapunov function tech-
nique, a sufficient condition is first proposed, which guarantees
the closed-loop switched stochastic system to be mean-square
exponentially stable with a weighted 7, performance. Then
the solvability condition for the .77, DOF control is also
established, by which the DOF controller can be found by
solving a set of linear matrix inequalities (LMIs).

I. INTRODUCTION

Switched systems have attracted much attention in the past
decade due to the fact that they have extensive applications,
such as power systems, transmission and stepper motors,
constrained robotics, and automated high ways. Typically,
a switched system consists of a number of subsystems, and
a switching law, which defines a specific subsystem being
activated during a certain interval of time. The switching rule
in such systems is usually considered to be arbitrary, and if
the switching signals are governed by stochastic processes,
the corresponding system is termed as jump systems (e.g.,
Markovian jump systems [7]). The motivation to study such
systems is mainly in twofold. Firstly, from the practical
application point of view, switching among different system
structures is an essential feature of many real-world systems.
Secondly, from the control point of view, multi-controller
switching provides an effective mechanism to cope with
complex systems and/or systems with large uncertainties.
Switched systems have been studied in a large number of
papers, such as, stability and stabilization [1], [2], [3], [4],
[8]; 7% control problem [10]; and model reduction [11].

Recently, there is enormous growth of interest in using the
dwell time approach to deal with the switched systems [3],
[8], [10], [11]. To mention a few, Hespanha and Morse [3]
investigated the stability of switched systems with average
dwell time; Sun et al. [8] used the average dwell time
approach to study the exponential stability and .Z%5-gain
for delay switched systems; Wu et al. [10] considered the
stability, stabilization and %, control of switched stochastic
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systems; Wu and Zheng [11] applied this approach to inves-
tigate the weighted 7%, model reduction for linear switched
systems with time-varying delay.

On the other hand, stochastic systems play an important
role in many branches of science and engineering applica-
tions, thus have been received much attention during the past
decades. Many results reported on stochastic systems can
be found in the literature, see, e.g., [5], [6], [9], [12] and
references therein. Recently, there are some results reported
on the stochastic systems with Markovian switching; see, for
example, Niu et al. [5] investigated the sliding mode control
for Itd stochastic systems with Markovian switching; Wang et
al. [9] investigate the stabilization of bilinear uncertain time-
delay stochastic systems with Markovian jumping parame-
ters; Xu and Chen [12] study the robust 5%, control problem
for uncertain discrete-time stochastic bilinear systems with
Markovian switching. The above-mentioned results are all
based on the Markovian switching. When the switching
signal is arbitrary, the results should be very different. This
motivates us to study some interesting topics on stochastic
systems whose parameters operate by an arbitrary switch-
ing signal, that is, the switched stochastic systems. These
research should be interesting and challenging since they in-
tegrate the switched hybrid systems into that of the stochastic
systems, and thus theoretically and practically significant.

In this paper, we shall investigate the mean-square expo-
nential stability and the 7%, dynamic output feedback (DOF)
control problem control problems for discrete-time switched
stochastic systems. The average dwell time approach com-
bined with the piecewise Lyapunov function technique is
applied to derive the main results. The advantage of using
this approach to the switched system is mainly in twofold.
Firstly, this approach uses a mode-dependent Lyapunov func-
tion, which avoids some conservativeness caused by using a
common Lyapunov function for all the subsystems. At this
point, the present approach is superior than the quadratic
approach (a common Lyapunov function approach) for the
switched systems. The other advantage of using the present
approach is that the obtained result is not just an asymptotic
stability condition, but an exponential one. Specifically, the
problems to be studied can be formulated as:

1. Stability Analysis. Propose a condition guaranteeing the
mean-square exponential stability of the discrete-time
switched stochastic system.

2. % DOF Control. Design a DOF controller such that
the closed-loop system is mean-square exponentially
stable with a weighted .72, performance.
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II. SYSTEM DESCRIPTION AND PRELIMINARIES

Consider a discrete-time nonlinear switched stochastic
system with time-delays, which can be described by the
following dynamical equation:

z(k+1) = A(ag)z(k) + Ag(ar)x(k — d(k))
+A7 (ag) f (2(k — 7)) + Bu(ak)u(k) + By (ag)v(k
+[Claw)x(k) + Calor )z (k = d(k)) + Do (ax)v(k)] w(k),

z(k) = L(ax)z(k),

z(0) = ¢(0), —max{r,d2} <0 <0, (D
for k = 1,2,..., where (k) € R"™ is the state vector;
u(k) € R™ represents the control input; v(k) € RP is the
noise signal that belongs to ¢3[0,4+00); z(k) € RY is the
controlled output; w(k) is a zero-mean real scalar process on
a probability space (2, F, P) relative to an increasing family
(Fr)ren of o-algebras Fj, C F generated by (w(k))ken.
The stochastic process {w(k)} is independent, which is
assumed to satisfy

E{w(k)} =0, E{w(k)} =4,

where 6 > 0 is

k=0,1,...

a known scalar. In addition,

¢(0), — max{r,d2} < 6 < 0 are the initial conditions; _
{(A(aw), Ag(ar), A-(ar), Bu(ar), Bu(aw), C (o), Calar), Adlar)

Dv(ak), L(ak)) :
parameterized by an index set NV = {1,2,..
ap : Zt — N is a piecewise constant function of time,
called a switching signal, which takes its values in the finite
set A/. At an arbitrary discrete time k, the value of «y,
denoted by « for simplicity, might depend on k or z(k),
or both, or may be generated by any other hybrid scheme.
We assume that the sequence of subsystems in switching
signal a4, is unknown a priori, but its instantaneous value
is available in real time. For the switching time sequence
ko < k1 < ko < --- of switching signal «, the holding time
between [k, ki41] is called the dwell time of the currently
engaged subsystem, where [ € N. The delay d(k) satisfying
1 <d; <d(k) < ds, where dy and dy are constant positive
scalars representing the minimum and maximum delays,
respectively. In addition, f(-) : R™ — R"™ is nonlinear
function, which satisfies the following assumption.

Assumption 1: For the nonlinear function f(-), there exist
matrices II; and II> such that

(f(z) —h2)" (f(z) —Ia) <0, z€R™ ()

As is well known, the state feedback controller design re-

quires that the current system state is fully accessible. While

in practical applications, it is usually either not accessible

or hard to access. In such cases, one option is to assume
availability of a measured output signal given by

y(k) = E(ar)x(k) + Eg(ag)z(k — d(k))
+E-(ar) f (x(k — 7)) + Fy(an)v(k) + [Gag)z(k)

ar € N} is a family of matrices

+Galag)z(k — d(k)) + Hy(ar)v(k)] w(k), 3)
where y(k) € R" is the measured output; E(ay), Eq(o),
E.(ag), Fy(ag), Glar), Ga(ay) and H,(ay) are real

constant matrices.

.,N} and AT(ak)

Here, we are interested in designing a DOF controller of
general structure described by

Tk +1) = Ac(ar)i(k) + Be(ar)y(k),
u(k) = Ce(o)2(k), 4)
where (k) € R™ is the controller state; A.(ag), Be(ax)
and C.(ay) are matrices to be determined.

Augmenting the model of (1) to include the state of
controller (4), we obtain the closed-loop system as

E(k+1) = Aap)é(k) +~Ad(ak)Mg(k —d(k))
+/L—(Oék)Mf (x(k—71))+ Bv(ak)v(k)
+ [Clan) ME(R) + Calar) ME(k — d(k))
+Dy(ar)o(k)| w(k),

z(k) = L(ag)E(k),

z(0) = ¢(0), —max{r,d2}<6<0, %)
where &(k) 2 [ 27 (k) i:T(k)T]T, Flak-1) 2
[ fT(@k—7) fT(@(k-7) ] and
~ N A(ag) B, (ag)Ce(ag)

Alew) = I Bc(ak)g(ak) Ai(ak) ' } ’

ol Adla) ~ af  Dular)

2| ottty | P2 it |

o Arlow) . B, (ax)

| Buan) B, (on) ] Bl g Fo(ar) |
5 o Olag) x A  Calow)
02| g sitony | ] aihtony |
L(agp)2 [ Llag) 0], ME[I 0] (6)

Remark 1: For each possible value ayj, we will denote
it by 4, that is, a, = 4, ¢ € N. Corresponding to the
switching signal «aj, we have the switching sequence
{(io,ko),(il,k1),...,(il7/€l)7...,‘ 1 EN, = 0,1,...}
with ky = 0, which means that the 4;th subsystem is
activated when k € [k, ki11).

Definition 1: For switching signal and any k; > k; > ko,
let N,, (kj,k;) be the switching numbers of oy, over the
interval [k;, k;]. If for any given Ny > 0 and T, > 0, we
have Ny, (k;,k;) < No+(k; — k;) /Tq, then T, and Ny are
called average dwell time and the chatter bound, respectively.

Definition 2: The equilibrium x* = 0 of the discrete-time
switched time-delay system in (1) with u(k) = 0 and v(k) =
0 is said to be mean-square exponentially stable under «, if
the solution z(k) satisfies

E{[le(k)Il} < np® ") lz(ko)llcr Wk = ko,

for constants n > 1 and 0 < p < 1, and
lz(ko)ller = {lz(k +0)II, lls(k +O)I Il f(s(k + )]},

SUP_ max{r,dy}<6<0

where ¢(0) £ x(0 + 1) — z(6).

Definition 3: For 0 < 8 < 1 and v > 0, the system in (1)
with u(t) = 0 is said to be mean-square exponentially stable
with a weighted 7%, performance - under «y, if it is mean-
square exponentially stable with v(¢) = 0, and under zero
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initial condition, that is, z(0) = ¢(0) = 0, —max{7,ds} <
6 <0, it holds for all nonzero v(t) € {3 [0 oo) that

B{S, SO} <Y, o
III. MAIN RESULTS

A. Performance Analysis

In this section, we will investigate weighted ¢, perfor-
mance for the closed-loop system in (5).

Theorem 1: For given constants 5 > 0 and v > 0,
supposed that there exist matrices P(i) > 0, Q(i) > 0 and
R(7) > 0 such that matrix inequality (8) (shown at the top
of the next page) holds for ¢ € A, Then the closed-loop
system in (5) is mean-square exponentially stable with a
weighted %%, performance level  for any switching signal
with average dwell time satisfying T, > 1" = ceil (—E—Z),
where p > 1 satisfies

P@i) < pP(j), QG) <pQ(j), R(>)<pR(G). 9

In ®), (i) = —BP>) + B(dy — di + 1)QI) = F
with F1 £ diag(Hl,Hl) F2 = dlag(Hg,HQ) H

|I> =

E {AV3(&r, an)} =

eloa-m 33 e

s=—da+11l=k+s

+B8(ds — d1)&" (k) Q (o) (k)
k—ds
5k+1_l§T(l)Q(ak)§(l)} ,

S
E {A‘/Z;(fk, ak)} <
k—1
5k_lfT(§(l))R(04k)f(5(l))

l=k+1—d2
o
l=k—
)f §(k)

+817 (k) R(a
—BT T (E(k — 7)) R(«

Moreover, Assumption 1 gives

a)§(l)

(13)

) &k —7)}, (14)

E{[&T(m f%)][il _IF2H§“((]3H<O (1)

where F 1 and F 5 are defined in Theorem 1.
Consider (11)-(15), we have

{41121, and H, A af +H
Pro20f. Choose a Lyapunov function of the form: E{AV (&, an)} + (1= BE{V (&, ar)}
V(& ar) = Z Vi(&k, o), SE{C W2(an) ()}, (16)
Vi, an) 2 € ( )P(an)e(h), where ¢(k) £ [€7(k) €7 (k— d(k)) JT() ST(E(k—))]",
N and ®(ay) is defined as
Va (ks ar) = AP (D)Q(ar)E(), _
1 kfdd(k) . (10) 11 (ag 0 Fa 0
s 2O e 2 *x —pETQ() 0 0
VS(&C?ak?) - s:§2+1l:;+56k ZST(Z)Q(ak)g(l) (I)(Oék)— * * ¥ ﬂR(Oék) .y 0
= | x * * BT R(ay,)
Vilék,an) = 35 BT (ED) Raw) fF(E(1)), N T
I=k—r AT~(Oék) ATN(O%)
where P(ax) > 0, Q(ar) > 0 and R(ag) > 0 are real + MTAG (o) P(ay) M AG ()
matrices to be determined. - ~OT - N(;
For k € [kl,le) we define E{AV;(&,ap)} 2 L M7 A7 (o) MT A7 (a)
E{V (Ek1, k) — (rfk,ak)} J =1,2,3,4, thus we have MTC'T(ak) N MT@T(ak)
E{Av(gkvak)} - Zz 1 E{AV (fkvak)} with + MTCN'C}F(O%) 5P(Oék) MTég(ak) 7
E{AVi (&, an)} =B { [An)€(k)+ Ag(r) ME(k—d(k)) 0 0

+ A(0n) Mk — )] Plow) [Alas)e(k)

+ Aa(or) ME(k = d(k)) + Ar (i) M (€(k —7))]
+ [Clon) ME(R) + Caton) Mk — (k)] 6P(ax)
x | Clan) Mg (k) + Calar) ME(k - d(k))]

&7 (k) P(ow)(k)} (11)
k—1
E {AV (&, o)} <E {%16) Z BFEET (DQ(an)E()
I=k—d(k)

£ BT (Q(a)e) BT () Qe k)
I=k+1—d>
)E(k —d(k))}

—BETET (k= d(k))Q(ay (12)

Moreover, by Schur complement to (8), it follows that
®(ay) < 0, then one can easily achieve Vk € [k;, ki11),

E{AV(fk, Ozk) + (]. — 5)V(§k7ak)} < 0. (17

Now, for an arbitrary piecewise constant switching signal
ag, and forany k > 0, we let kg < k1 < - < kg < --+,
Il =1,..., denote the switching points of o, over the interval
(0, k). As mentioned earlier, the ¢;th subsystem is activated
when k € [k;, k;41). Therefore, for k € [k;, ki41), it holds
from (17) that

E{V (&, ar)} < B¥MEL{V (&, on)} - (18)
Using (9) and (10), we have
E{V(gkz’akz)} S/’LE{V<£I€HO”€171)}' (19)
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[ ®11(4) 0 Fo 0 0 AT~(i)P(z) 6MTC:'T(2)P(2) LT() 7
* —B4H1Q(i) 0 0 0 MTAT(@)P() SMTCY(i)P(i) 0
* * BR(i) — I 0 0 } 0 0 0
* * * —B7TIR(4) 0 MTAI(@)P(@) 0 0 <0 ®)
* * * * —y2I  BI(i)P(i) DT (i) P(i) 0 ’
* * * * * —P(i) 0 0
* * * * * * —0P(1) 0
L * * * * * * * e
Therefore, it follows from (18)—(19) and the relationship ¥ =  Using (9) and (10), we have
Ny (ko, k) < (k — ko)éTk that E{V (&, an)} < pE{V (& an, )} -
E{V (& on)} < B B AV €k oy ) § Thus, by the above two inequalities we have
< - E {V(gkvak)} < ﬂk_klE{V(ngakl)}
< R IB V(€1 )
_E k*lfsr
> (5MI/TQ)U€ ko) E{V(é-koa ako)} . (20) {Zk: B (S)} ’
s=ky
Notice from (10) that there exist two positive constants a E{V (&, ar)} < pE—ki-1 B {V(fkl,“akl,l)}
and b (a < b) such that k-1
E{V (¢ ar)} > aB {J¢k)}, el Y g b
E V(€5 )} < DI1€ (ko) [ e e
Combining (20) and (21% yields :
E {0’} < ~E{V (& @)} E{V(&an)} < BBV ()}
ki1—1
b —1—s
< (BT (ko) e - (22) —ME{Z Ci F(s)}-
Siko
Furthermore, letting p = /Bul/e, it follows that Therefore, it follows from the above inequalities and the
relationship ¥ = N, (ko, k) < (k — ko)/T, that
BB < 2o el @3 P Nelko, ) < (k= o)/

By Definition 2, we know that if 0 < p < 1, that is,
T, > T; = ceil (—ln—”
is mean-square exponentially stable, where function ceil(h)
represents rounding real number 5 to the nearest integer
greater than or equal to h.

Now, we will establish the weighted 7%, performance
defined in (7), to this end, introduce the following index:
J = E{AV (&, ar) + (1= B)V (&, o)

+2T (k)2 (k) — ’}/Z’UT(/{Z)U(]C)} , (24)

For k € [k;, ki+1), we have

the closed-loop system in (5)

E{Av(ﬁk,ak) (1- )V(§k7ak)
21 (k)2 (k) = y*v" (k)u(k) }
<E{X (k) ( > (®K)}, @29
where x(k) = [ (T(k)  wT(k) ] and TI(ay) is shown

at the top of the next page. By Schur complement, LMI (8)
equals to II(ay) < 0, thus J < 0. Let ['(k) £ 2T (k)z(k) —
v2uT (k)v(k), then we have

E{AV (&, an)} < E{—(1 - B)V (&, ar) —T'(k)}. (26)
Therefore, for k € [k;, k;+1), it holds from (26) that
k—1
E{V (§.x) <8 ME{V (g, 7ak,>}—E{ > Bk—1*r<s>} :
s=k;

E{V (&, o)} <

1851

BERE{V (&, ar)}
k-1
-E { > ﬁk‘l‘sr(s)}

S:kl
/BkikO:uN (ko k)E {V(§k07 aku)}

ki—1
_/Bk—kluNa(ko,k)E { Z ﬂkl_l_sl—‘(S)}

S:}Co

ko—1
_/Bk‘fkguNa(kl,k)E { Z Bkglsr(s)}
S:k‘l

ki—1—1
ﬂkkl—1u2E{ Z 5]61_1151—\(5)}

s=kj_2

ki—1
-t { > ﬂ’“”F(S)}
s=k;_1
k—1
-E { > B’”SF(S)}

s=k;
5k—k0MNa(k0’k)E {V(fko» (€7 )}

k—1
-E { > 5k18uNa<Sx’“>r(s)} )
s=ko



®11(ax) + LT (o) L(ow) 0 Fa 0 0
* — Bt Q o) 0 0 0
H(ak) = * * ﬁR(Ozk) -1 0 0
* * * BT R(ar) 0
i * * * * —~2T
AT (ay) AT (a) M7 (ey,) MTCT(ay) 1"
M AT () MTATG@) || T M (o)
+ 0 P(ay,) 0 + 0 dP (o) 0 ,
MTA (@) MTA (@) o 0
Bl (ay) B (ax) D (a) DY ()

Under zero initial condition, (27) implies

k—1
E{Z ﬂleILLN"(S’k)ZT(S)Z(S)}

S:ko

k—1
<7’E { Z ,BklsuN“(s’k)vT(s)v(s)} . (28)

S:k‘g

Multiplying both sides of (28) by p~N«(:k) yields

k—1
B { Z ﬂklsMNa(O,s)ZT(s)Z(S)}

S:k?o

k—1
<7’E { Z ﬂkls,uN‘*(O’s)vT(s)v(s)} .(29)

S:kg

Notice that N,(0,s) < s/T, and T, > —Ine " we have

Inpg°
No(0,5) < =il Thus, (29) implies

k—1
E { > ﬂ“smiﬁﬁﬂs)z(s)}

S:ko

k—1
< 7’E { Z BleUT(s)U(S)} .

S:k‘o

which yields that

E { Z BSzT(s)z(s)} <E { Z UT(s)v(s)} .
s=ko s=ko

By Definition 3, we know that the closed-loop system in (5)
is mean-square exponentially stable with a weighted %%,
performance + under «y. This completes the proof. |

Remark 2: In Theorem 1, we propose a sufficient condi-
tion for the mean-square exponential stability condition for
the considered the discrete-time switched stochastic time-
delay system (the closed-loop system) in (5). Here, 3 plays
a key role in controlling the low bound of the averafe dwell

_lnp
Ing )°
specifically, if 8 is given a smaller value, the low bound

of the average dwell time becomes smaller with a fixed p,
which may result in the instability of the system.
Remark 3: Note that when ¢ = 1 in T, > T} =

ceil (,%) we have T, > T = 0, which means that

time, which can be seen from 7T, > T = ceil

the switching signal oy can be arbitrary. In this case, (9)
turns out to be P(i) = P(j) = P, Q(i) = Q(j) = P,
R(i) = R(j) = P, Vi,j € N, and the proposed approach
becomes quadratic one thus conservative. On the other hand,
when §=11in T, > T, = ceil (—hl—“)

s ) We have T, = oo,
that is, there is no switching.

B. 7, Dynamic Output Feedback Control

Now, we are in a position to present a solution to the 7%,
dynamic output feedback control problem based on Theorem
1, and give the following result.

Theorem 2: Consider the discrete-time nonlinear switched
stochastic system in (1). For given constants § > 0 and
~ > 0, suppose there exist matrices &(i) > 0, 2 (i) > 0,
Z(i), 21(3) > 0, 2o(i), Z3(i) > 0, Z1(i) > 0, %a(i),
R3(i) > 0, (i), B.(i) and €,(7) such that (30) (shown at
the top of the next page) holds for ¢ € 4", where

Qu1(i) & —BP(i) + B(dy — d1 + 1) 21(i) — Hy,
Qu2(i) £ —BI + B(de — dy + 1) 25(i) — H1 2 (1),
Qoo (i) & —BP(i)+B(dz — dy + 1) 25(i)—22 (i) +H; ',
Qs3(i) & —B=H12,(i),

Qs4(i) £ —pLT125(i),

Qua(i) & =BT 25(0),

Qos(i) & 2 (i)Ha,

Qo6(i) = Z(i)Hz,

Qs5(i) £ B (i) — 1,

Qs6(i) £ B (i),

Qo6 (i) = BA3(1) — 1,

Qr7(i) & =BT 21 (i),

Qrs(i) £ =7 %a(i),

Qss(i) & =BT 25(i),

Quio(i) & AT ()2 (i) + ET (i) BL (i),

Q11(i) & A(D),

Qa10(i) £ &, (i),

Qo11(i) 2 2 ()AT (i) + €T (4) BT (4),

Qa10(i) £ AG (1) 2 (i) + Ej ()AL (i),

Q311(i) = Ag(z ,

Quig(i) & 27 (i)Ag () 2 (i) + 2 (i) Eq (i) % (i),



r Qu1(i)  Q12(3) 0 0 H> 0 0 0 0 Qi10()  Qu11(d) Q112(9) Q113(1)  Q114(2) 7
* Qa2 (1) 0 0 Qos5(i)  Qo26(2) 0 0 0 Q210(2)  Q211(2) Q212(7) Q213(1)  Q214(7)
* * Q33(1)  Q34(7) 0 0 0 0 0 Q310(7)  Q311(5)  Q312(3)  Q313(3) 0
* * * Q44(1) 0 0 0 0 0 Qaio(d)  Qai1(d)  Qai2(d)  Qaiz(i) 0
* * * * st(’i) Qs@(i) 0 0 0 0 0 0 0 0
* * * * * Qg6 (1) 0 0 0 0 0 0 0 0
* * * * * * Qr7(1)  Qrs(7) 0 Q710(i)  Q711(2) 0 0 0 <0 20
* * * * * * * Qgs (1) 0 0 0 0 0 0 G
* * * * * * * * 7721 Qo10(7)  Qo11(2)  Qo12(7) Q913(7) 0
* * * * * * * * * —2(3) —I 0 0 0
* * * * * * * * * * —Z (i) 0 0 0
* * * * * * * * * * * —0P(i) —oI 0
* * * * * * * * * * * * —0Z (1) 0
L * * * * * * * * * * * * * —1I n
Qa1 (i) & 2 (i) AL (i), IV. CONCLUSION
Qno(i) 2 AL()2 (i) + EX (i) BL (i), In this paper, the %, DOF control problem has been
Qr11(i) 2 AT(3), investigated for discrete-time switched stochastic systems.
T . .- .
. T, . . TN AT/ A sufficient condition has been proposed, which guarantees
9910(2) = Bv (7’)32(7’) + Fv (Z)'%c (7’)7 h losed-1 itched hp p gb
LA the closed-loop switched stochastic system to be mean-
Qo11(i) = B, (i), square exponentially stable with a weighted 7%, perfor-
D12(i) £ 6CT ()2 (i) + 6GT (i) BL (i), mance. Then, the %, DOF controller has been found by
Qu13(0) 2 507 (4), solving a set of LMI. In deriving the main results, the
) ) average dwell time approach combined with the piecewise
N . T yapunov unction tec nique has been applied, wnich avoids
Qo13(i) = 62°(4)C" (1), some conservativeness caused by using a common Lyapunov
Q310(7) £ 6CT ()2 (i) + 6GE (i) BT (i), function for all the subsystems.
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