View metadata, citation and similar papers at core.ac.uk

Hindawi Publishing Corporation
Discrete Dynamics in Nature and Society
Volume 2015, Article ID 954782, 9 pages
http://dx.doi.org/10.1155/2015/954782

Research Article

brought to you by .{ CORE

provided by CiteSeerX

Hindawi

Finite-Time Stabilization of Uncertain Switched Positive Linear
Systems with Time-Varying Delays

Tianjian Yu,' Yanke Zhong,’ Tefang Chen,” and Chunyang Chen'

!School of Traffic and Transportation Engineering, Central South University, Changsha 410075, China
2School of Information Science and Engineering, Central South University, Changsha 410075, China

Correspondence should be addressed to Yanke Zhong; zhongyankel981@163.com

Received 30 September 2014; Revised 20 December 2014; Accepted 21 December 2014

Academic Editor: Muhammad Naveed Igbal

Copyright © 2015 Tianjian Yu et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This paper is concerned with finite-time stabilization (FTS) analysis for a class of uncertain switched positive linear systems with
time-varying delays. First, a new definition of finite-time boundedness (FTB) is introduced for switched positive system. This
definition can simplify FTS analysis. Taking interval and polytopic uncertainties into account, a robust state feedback controller is
built such that the switched positive linear system is finite-time bounded. Finally, an example is employed to illustrate the validities

of obtained results.

1. Introduction

As a special kind of hybrid dynamical systems, the switched
system consists of finite subsystems and a switching law. The
switching law orchestrates the switches between subsystems
[1]. The switched positive system means that its output and
state are nonnegative whenever the initial condition and
input are nonnegative [2]. The switched positive systems
are widely applied in practice, such as formation flying [3],
communication system [4], viral mutation [5], and vehicle
control [6].

In control theory, the stability and stabilization are basic
problems for switched system. Many valuable results on
these problems have been obtained, such as stability [7-12]
and stabilization [13-15]. Most of the existing results focus
on Lyapunov asymptotic stability (LAS). As we all know,
LAS is defined over infinite-time interval. However, due to
large state amplitude in transient process, some asymptotic
stable systems may be useless [16]. Thus, FTB and FTS are
introduced to analyze the transient performance of system.
FTB implies that system state remains within a prescribed
bound over a fixed interval. FTS means that designing a
stabilization controller guarantees that the system is finite-
time bounded. The main concern of FTB is the behavior of
system state over a fixed finite time interval. It should be
pointed out that there is not necessary relation between FTB

and LAS. In practice, the finite-time bounded systems are
employed in many fields, such as networked control systems
[17] and network congestion control [18].

Since switched system contains several dynamic sub-
systems and a switching law, it is difficult to analyze FTB
and FTS. Recently, these problems have been extensively
studied. Based on the average dwell-time approach, Lin et al.
investigated FTB for switched systems with fixed delays [19].
However, the time delay is always time-varying in practice.
Then the application of obtained results is limited. Taking
time-varying delay into account, M. Xiang and Z. Xiang
analyzed FTB and FTSS for switched linear systems [20]. In the
above-mentioned literatures, the switching instants must be
scheduled in advance. Therefore the corresponding switching
law is time-dependent. However, the switching instants are
determined by system state in some switched system. In this
case, the obtained approaches may be useless. In [21], a state-
dependent switching law was designed such that the switched
linear system was finite-time bounded. In order to simplify
the mathematical calculation, Zhong and Chen adopted a
new method to analyze the FTB [22]. In fact, the switches
between subsystems produce great effect on system state.
Thus, for the problems of FTB and FTS, it is significant to
investigate this issue. In [23], Xiang and Xiao investigated the
switching behavior’s impacts on system state. Furthermore, a
state feedback controller was built such that the system was
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finite-time bounded. In practice, the researchers sometimes
care about not only whether the system could be stabilized but
also whether the stabilization time meets the requirements.
In [24], some criteria were proposed on designing an optimal
switching law. Naveed et al. investigated the problem of finite-
time H-infinity state estimation for switched systems under
asynchronous switching [25], and the developed method is
useful for FTB and FTS. There are some other latest literatures
[26-29] related to FTB and FTS, and the references are cited
therein.

About the mentioned literatures, we need to pay attention
to the following facts. First, switched positive system is an
important kind of switched system. However, there are few
works on its FTB and FTS. Second, most of the obtained
results are based on a common assumption that the norm of
external disturbance is bounded over infinite time interval.
But the external disturbance usually does not satisfy this
strict assumption. In this case, the obtained results may
be unsuitable for application. Thus, it is very significant to
reduce the restriction on external disturbance. Besides, the
definition of FTB contains a product term of gain matrix and
state vector; therefore complex mathematical calculations are
unavoidable. Finally, the state of switched positive system is
nonnegative. Then, whether a more concise definition of FTB
could be proposed for switched positive system to simplify
the analysis of FTS is a problem that naturally arises.

Motivated by the above considerations, we investigate
FTS for uncertain switched positive linear systems. The main
object of this paper is to design a robust state feedback
controller such that the system is finite-time bounded. The
main contributions and novelties of this paper are summa-
rized as follows: (1) for switched positive system, a much
more concise definition of FTB is introduced to simplify
mathematical calculation; (2) a state feedback controller is
built for the uncertain switched positive linear system with
time-varying delay; (3) different from most of other results,
the disturbance is only required to be bounded in this
paper; (4) taking the interval and polytopic uncertainties into
account, the obtained controller is robust to uncertainties.

The remainder of the paper is organized as follows.
In Section 2, some necessary definitions and lemmas are
introduced. In Section 3, a robust stabilization controller
is designed for uncertain switched positive linear systems
with time-varying delays. A numerical example is given in
Section 4. The paper is concluded by Section 5.

Notation. R" (R"!) denotes the n-dimensional real (positive)
vector space; M represents Metzler matrices whose off-
diagonal entries are nonnegative; A > 0 (A > 0, A < 0)
means that all elements of matrix A are positive (nonnegative,
negative); let m = [1,...,m], where m is positive integer.

2. Preliminaries and Problem Formulation

Consider a switched linear system described as

x(t) = (Aa‘(t) + AAO.(t))x(t)

+ (By() + AB,y )x(t — h(t))
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+ Fg(t)u(t) + Gg(t)lU(t)

0<h(t)<d, 0<t,

x(t)=¢(t) te[-d0),

)

where x(t) € R" represents the system state; o(t) is the
switching law which is a piecewise continuous function with
o(t) € m; the switched system is composed of m subsystems;
if o(t) = i, the ith subsystem is activated; A (), B, For)»
and G, ;) > 0 are known constant matrices with appropriate
dimension; AA ;) and AB,, represent uncertainties satis-
fying (B, + AB,(;)) > 0; h(t) represents the time-varying
delay; u(t) is the control input; w(¢) denotes the external
disturbance; ¢(¢) > 0 is the continuous vector-valued initial
function over t € [-d, 0); and d is a positive constant.
The state feedback controller is given as follows:

u(t) = Ha(t)x(t)) (2)

where H, ;) is the gain matrix to be determined.

The main task is to choose appropriate H,, such that
system (1) is finite-time bounded.

Define

Za(t) = (Aa(t) + AAa(t))’ )
Ba(t) = (B(r(t) + ABa(t))‘

Applying (2) to (1), the following closed-loop system is
obtained:

x(t) = (Zo(t) + Fa<r>Ho(t))x(t)
+ B,y x(t = h(t)) + Gyyw(t)

0<h()<d, 0<t,

x(t) = @(t) te[-d,0).

Assume that system (1) satisfies the following assump-

tions.

Assumption I (see [30]). The external disturbance w(t) satis-
fies

0<w(t)<y. (5)

Remark 2. In most of the existing literatures, the external
disturbance should satisfy

(o)
J W (Ot <0 0<0. ©)
0
Obviously, condition (6) is much stricter than (5). In
Assumption 1, the external disturbance is only required to be
bounded. In addition, Assumption 1 conforms much more to
the practical situation.

Assumption 3. The time-varying delay satisfies

ht)y<sp, 0<h(t)<d, p<l. ?)
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Assumption 4. The state trajectory is continuous everywhere.
Furthermore, the switching number of o(¢) is finite over fixed
finite-time interval.

Next, Lemma 5 is introduced for subsequent analysis.

Lemma 5. System (3) is positive if and only if (Ko(t) +
F,Hyw) € M, By = 0, Gy = 0, and initial states x, > 0
and w(t) > 0 hold for o(t) € m [26].

Definition 6 is proposed as follows.

Definition 6 (see [31]). Forgiven positive constants C; < C,,
Ty, y, and a switching signal o(¢), if

Ix(to)] < C, = Ix@®)l < C, Vt € [0,T(], Yu(s) <y,

(8)
then system (3) is said to be finite-time bounded with respect
to (Cy,Cy, Ty, y,0(t)), where |x| = Yiolxls x; is the

ith element of vector x. In this paper, we specify C; =
SUPte[-d,0) [l (Il

Remark 7. According to the definition of FTB in most of other
literatures, system (3) should satisty

x'(to)Rx(t,) < C, = x" (HRx(t) < C, ¥t € [0,T;].
©)

Note the differences between (8) and (9). First, compared
with (9), the gain matrix R is removed from (8). This improve-
ment brings in much convenience for subsequence process.
Some complex matrix transformations could be avoided.
Besides, if we choose the definition (9), it is not convenient
to adopt multiply copositive Lyapunov-Krasovskii function
to analyze FTB due to the term of x7()x(t). Therefore,
xT(H)x(t) is replaced by ||x(¢)|| which can simplify subsequent
mathematical analysis.

Remark 8. The essence of FIB lies in that the system state
must remain within the prescribed bound over fixed interval.
Since both (8) and (9) can guarantee it, the two different
definitions are consistent in essence.

Definition 9. For T > t 2 0, let N, (¢, T) denote the
switching number of o(t) over (¢, T]. If

T-t

Ny (6T) < Ny + (10)

a

holds for 7, > 0 and an integer N, > 0, then 7, is called an
average dwell-time [16].

3. Main Result

Assume that the uncertainties in system (3) are interval
or polytopic uncertainties. First, system (3) with interval
uncertainties is considered. In this case, we build a robust
state feedback controller such that system (3) is finite-time
bounded.

Theorem 10. Assume that A, < A; < A;, 0 < B, < B; < B, for
iem A, A, B, and B; are known matrices. For given positive
constants Cy, Cy, Ty, v, A, and B > 1, if there exist vectors
v; =20,1; =0, ; = 0, and &; such that

diag {y1, ..., ¥ b1s- -, b} <0, (11)
v; < Pvjs 1 < P G < ﬁ(j
(12)
fori,je[l,2,...,m],
(4 + FiHi)l,P >0 Lpen I#p, (13)

and the average dwell-time satisfies

Tflnﬂ

7, > , (14)
InC, +InK, - In(®, + ®,)

then under the controller u(t) = H,x(t) with gain matrix
H,( satisfying

&= (FiHi)TVi’ (15)

system (3) is finite-time bounded with respect to (C,,C,, Ty,
y, 0(t)) under the switching law (14).
—T —T

vi=(A)vi+& ;- Avj+m;+dG ¢y = (B ) v — (1-
pPpi€m jem (Z?)j denotes the jth row of matrix Z?;
& j» Vi,jp Mi,j» and §; ; represent the jth element of vectors &, v;, 1;,
and G, respectively; (A; + F;H;), , is the Ith row and pth column
element of matrix (A; + F;H,); Ky = max;,,AM(G;), and M(G;)
denotes all eigenvalues of matrix G;; K; = max(v;;), K, =
max(r; ;), K3 = max((; ;), and K, = min(v; ;) fori € m, j € n.
In addition, @, = (K, + cleMK2 + dze’\dK3)suptE[7d,0)||x(t)||;
D, = ez’leTfnyKOKl.

Remark 11. Due to the existence of interval uncertainties,
system matrices A; and B; are unknown matrices. However,
their value ranges usually are known in practice. In fact, A,
and B; denote the upper bounds of A; and B;, respectively; A,
and B, are the lower bounds of A; and B;, respectively.

Proof. Since (13) holds, (A, + F;H;) € M. Noting that A, < ;fi,
then (A, + F,H;) € M. Besides, B, > 0, G; > 0, ¢(t) > 0,
and 0 < w(t). By Lemma 5, system (3) is a switched positive
system.

Construct multiply copositive Lyapunov-Krasovskii
function for system (3) as follows:

V(t) = Vi) = V1 (t) + Vi, (t) + V;5(8), (16)
where
V() = X (v,

t

B Mt=9) Ty
Via(t) = J;—h(t) ¢ X (nds, (17)

0 t
Vi,3(t)=J J MIxT ()¢ dsd.
—d Jt+0



Taking the derivatives of V;,(t), V;,(t), and V, ;(t) with
respect to t along the trajectory of system (3) on t € [t, t;,),
we have

Virt) = AV, (0 + %7 (8) (&, + EH,) v,
+x"(t = h()B v, + w" ()Gl v; = Ax" (£) v,
<MW, () + 5T (1) (A, + EH) v,
+x7(t = h(t)B; v; + w (G v, — AxT (t)v,,
Via(t) = AV, (8) + x7 (6) 7, = (1= ()" (¢t = h(t)),

< AWV, (1) + X" (8, — (1 - p)x" (¢ = WD),

Vi5(t) = AWV,5(t) + dx" ()¢ - Lid X () ds

t
< AWV () + dx’ (0, - j () ds.
t—d
(18)
From (18), it follows that

Vi) = AVit) < <" (O)((A; + BH,) v, = A+, + dG;)
4= he)(B] v, - (1= p)

+w’ () GiTvi - Jt xT(S)(idS-
d

(19)
It is derived from (11) that
xT(t)[(K,- + FiHl-)Tv,- - A+ + d(,-] <0,
(20)
T —=T
« (e = h()[Bi v, - (1= py ] < 0.
Applying (20) to (19), we get
Vi(t) - AVi(t) < w' ()G v;. (21)

Since (d/dt)(e V(1))
transformed into

d, - -
E(e M) < e M ()G v, (22)

Let ¢, stand for the instant of the Kth switching and t,-
denote the instant just before t;. Integrating from ¢, to ¢ on
both sides of (22), then

e MVi(t) - AVi(1)], (21) is

t
Vi(t) < MOVt + J wT(s)eA(tfs)GiTv,-ds. (23)

[

Noting (12) and the continuity of x(t), then

t
Vi(t) < BTV (1) + L W ()M G v ds,
k

(24)
123
Vi(ti-) < DV () + j w" ()M G v, ds.

75
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It is obtained via (24) that

Vi(t) < ﬁzew_tk’l)vi(t(k—1>‘)

N ﬁeA(t—tk) J

t-1

23

wT(s)eMt_s)GlTvids (25)

t
+ J wT(s)eMt_S)GiTvids.
t

k

Assume that the switching number of o(t) over [0, Tf] is
N. We get

Vi) < BNeMVi(0)

tl
+ ﬁNeMt_tl) J wT(s)e"(t_s)G,-Tv,»ds
ty

28
wT(s)eMt_S)GiTvids

oot B J

)

t
+ I w! (s)eM?) GiTvids
t

k
tl
< ﬁNe’\Tf V. (0) + ﬁNeATf J wT(s)e’\(tfs)GiTv,-ds
to

t

k
+...+ﬁNeATfJ

78]

wT(s)e’\(t_s)GiTvids (26)

t
+ ﬂNeATf J wT(s)eMt_s)GiTvids
2%

t
— ﬁNe/\Tf‘/l (O) + ﬂNeATf J’ wT(S)e/\(t*S)G?vids

ty

t
< ﬁNe"TfV,- 0) + [3Ne2)LTfK0 J- wT(s)v,-ds

ty

t
< ﬁNe’\TfV,- 0) + ,BNequKO J nyK,ds
)

= ﬁNeATfVi (0) + ﬁNeZ)‘TfonyKOKl.

According to the definition of V;(0),

0
V(0) = xT(O)vg(O) + j—h(o) e_’\SxT(s)na(O)ds

0 0
+ I J e xT (s) {o(0)dsdo
-d Jo
T T T
<x"(0)[K],....K]]

0
T
+ J- e M xT (s) [KT, ...,KZT] ds
-d

(0 e T 71T
+J J e x (s)[K3,...,K3] dsdo
-dJo
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T T an
<x"(0)[K],....K]]

0 T
+eMJ xT(s)[KZT,...,KZT] ds
-d

< KylIx(0)]| + de* K, sup [Ix(t)l|
te[-d,0]

+d*" K, sup |x(0)|
te[-d,0]

< (K1 + deMK2 + dze’\dK3) sup [lx(0)]l.

te[—d,0]
(27)
Substituting (27) into (26) yields
Vi(t) < /3Ne’\Tf (K1 + deMK2 + dzeMK3) sup [lx(®)||
te[-d,0] (28)
+ /J’Nez’\TfonyKoKl.
Obviously,
LO[KD. K] < Xy, < Vi), (29)
It is derived from (28) and (29) that
llx(@)ll
< ( Ne’\Tf(K1 + de)”dK2 + dze)”dK3) sup [x(®)||
te[-d,0]
+ﬁN62ATfo”VKoK1) (30)
-1
x (Ky)
_ ﬁN (D, +D,)
K, '
On the other hand, (31) could be derived from (14):
Ty,
InC, +InK, - In(®, + ®,)
2 . InC, +InK, —In(®, + ®,)
T, Inp ’
InC, +InK, - In (0, + ®,) (31)
Inp ’
K
NInf<In L,
O, + 0,
ﬁN(DI + Dy <C
K, .

Consequently, [lx(f)| < C,.

According to Definition 6, the system (3) is finite-time
bounded. Thus, the designed controller is the desired con-
troller. This completes the proof of Theorem 10. O

Remark 12. Note (11) and (15). If the &; in (11) is replaced by
(F;H,)"v,, then the inequality (11) is not LMIS. In this case,
we could not solve (11) via MATLAB. Thus, we should analyze

(11) directly. Note that y; = (ZiT)jvi+£i,j—/\vi’j+ni,j+dCi’j and

¢ = (EiT)jv,- -(1-p (ZiT)j, (EiT)j, A, and d are known;
Vi»&i,j» Vit j» and ¢ ; are unknown. We find that y; and
¢; do not contain any product term between two unknown
variables. Therefore inequality (11) is LMIS. &; and v; could
have been obtained by solving (11). Then substitute them into
(15). In this way, H; is obtained finally.

Remark 13. Compared with other literatures, such as [19, 21,
22], the derivation process of Theorem 10 in this paper is
much more concise. The main reason lies in that the defini-
tion on FTB in this paper is much more concise compared
with other literatures, such as [19, 21, 22]. Thus complex
matrix translations are eliminated. Besides, the description
on FTB is also very concise in [20, see Definition 5]. However,
the physical meaning of Definition 6 in this paper is much
clearer.

Next, the attention is focused on designing a state feed-
back controller such that the system (3) with polytopic uncer-
tainties is finite-time bounded.

Theorem 14. Assume thatT; = {A¥,p e n} and ®, = {B!, p €
n}, i € m; ®; and ©; denote the convex hull of the vertices A

and BY, respectively. AY and Bf > 0 are known matrices. For
given positive constants C, Cy, Ty, y, A, and B > 1, if there exist
vectors v; > 0, 11; > 0, {; = 0, and &; such that

diag {vy, ..., ¥ ps..n ¢} <0, (32)
v < By, i < Pnjs Gi < BLjs
(33)
fori,je[l,2,...,m],
(A? + FiH,-)lj >0 Ljen I#], (34)

and the average dwell-time satisfies

T,ln
T sInp

> , (35)
InC, +InK, - In(®, + ®,)

then under the controller u(t) = H

o X(t) with gain matrix
H, ) satisfying

&= (FH)" v, (36)
system (3) is finite-time bounded with respect to (C,,C,, Ty,
y, 0(t)) under the switching law (35).

;= (A0 vi+& =M, j+n;+dl j, ¢ = (BD) vi—(1-
P i €m, jen (A )JT denotes the jth row of matrix (A?)";
Vi j» Mij» and ; ; represent the jth element of vectors v, n;, and
{;, respectively; (AY + FH,), , is the Ith row and pth column



element of matrix (AY + F;H,); let K, = max,,, A(G)); A(G))
denotes all eigenvalues of matrix G; K; = max(v;;), K, =
max(ni’j), K; = max((i’j), and K, = min(vi’j)fori em,jemn
In addition, ®, = (K, + de’\dK2 + dZeAdK3)suptE[7d’0) [lc()I;
D, = equTfnyKoKl.

Proof. By the property of convex hull, A, = 2221 ypzll.’ ,
0~< Yp < Land ¥y ,y, = 1fori € m. Furthern}f}re,
(Af +FH;),; >0 jen and ] # j; therefore (Z;=1 ypAf +
Z;zl YpFiH;),; > 0 which implies that (A, + EH) € M.
Besides, B; > 0, G; > 0, ¢(t) > 0 and O<w(t). By Lemma 5,
system (3) is a switched positive system.

Construct multiply copositive Lyapunov-Krasovskii
functions which have the same structure of (16). Taking the
derivatives of V; | (t), V; ,(t), and V 5(t) with respect to t along
the trajectory of system (3) on t € [ty t;,,), we get

. — T

Vi(t) = Wi(e) < 5" @O)((A, + EH,) vy = Ay, + o+ d, )

+ X7t = h®)(By - (1 - p)n)

+ wT(t)GiTvi - Jt xT(s)Cids.

(37)

It is derived from (32) that

— T
(yPA‘? + yPF,-Hi) VitV (-Av; +n; +d(;) < 0. (38)

It follows that
n . n T n
<ZyPAf + ZVPFiHi> v, + Zyp (=Av; + 7, +dQ;) < 0.
=1 p=1 =1
(39)
Note that ZZ:l Yp =land A, = Z;zl yPZf.’; then
(Zi + FiHi)Tvi +(=Av; + 1, +d(;) < 0. (40)
Similarly, we get
Blv,~(1-p); < 0. (41)
Applying (40) and (41) to (37) yields
Vi(t) - AVi(t) < w' ()G v;. (42)

The remainder of the proof is similar to (23)-(31) and
omitted. Therefore the system (3) is finite-time bounded
under the designed controller. This completes the proof of
Theorem 14. O

Remark 15. Inequalities (11), (13), (32), and (34) are LMI.
Once inequality (11) or (32) is resolved, the values of §; and
v; are obtained. Substituting &; i and v; into §; = (F,-Hi)Tvi, H,
is obtained. Furthermore, if inequality (13) or (34) is satisfied,
then H; is the desired gain matrix. By this way, the desired
controller is built such that system (3) is finite-time bounded.
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4. Numerical Example

A numerical example is given to illustrate the validities of
the obtained results in this section. Consider the following
system with interval uncertainties:

%(t) = (Agp) + AA, () x(t) + (B + AB,y ) x(t — h(t))

+ Fa(t)u (t) + Gg(t)w (t) 5

x(t) =) tel-d,0),
(43)
where
=77 0.2 0.9]
Al_[5 —7]’ Bl‘[o.l 03]
1Y 0.2 0.1]
b [0 O] R [0.1 0.15]°
=77 0.2 0.1
S ER I |
05 0 02 0.1]
e [ 0 1]’ G = [0.1 0.15]°
7 _[% 8] -8 6
Al_[6 _6‘) él—[4 —8’
. (44)
1-]68 -8 6
A2=[4 _5‘, 42:[2 _7J,
z _[03 1] 0.1 0.8
By = [o.z 04 BT [ 0 0.2],
= 0.3 0.2] 0.1 0
B, = [1.1 050 B= [0.9 0.3]’
h(t) = 0.1t, p=0.1, Ty = 10, d=1,

@(t) = [55 SS]T , Wl (t) = [sin(t) + 1 2cos(t)],

n=2, y=2

Obviously, C; = 110. Specify A = 0.1, 8 = 1.05, C, = 200.
Substituting these known parameters into (11) and (12) leads
to feasible solutions that

v, = [15475 25.888]", v, =[27.692 13.415]",

n = [40366 48.327]7,  n, = [46.951 41.572]",
¢ =[33.802 33.802]", ¢, =[33.802 33.802]",

£ =[-168.9 —81.818]", £, = [0.71057 —262.3]".

(45)
Then, it follows that
K, =0.2781, K, =27.692,
K, = 48.327, K; = 33.802, (46)
K, = 13415
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Noting that & = (F;H,)"v;, we obtain

—21843 0 24413 0
H, = [ 0 26114]’ H, = [ 0 25197]’
58157 6
Q+Eﬂ=[ 4 —ﬁ@%]“m
677935 6
4, + KH, = [ 2 —4.4803] € M.
(47)

Consequently, H, and H, meet the requirements of the
design. Then the controller u(t) = H,,x(t) is obtained.
On the other hand, from (14), we get

7, > 0.5469. (48)

According to Theorem 10, if we choose a o(t) which
satisfies 7, > 0.5469, then system (43) would be finite-
time bounded with respect to (Cy,C,, Tf, y,0(t)) under the
designed controller u(t) = H,,x(t).

Finally, the simulation of system (43) with the designed
controller is performed. The simulation results are shown in
Figures 1-3. The switching law of system (43) is shown in
Figure 1. Obviously, the switching times of system (43) is 7
over [0,10]. Thus, 7, = (10/7) > 0.5469 and meets the
requirement of (14). In Figure 2, we could find that every
element of x(t) falls in the range [0, 100]. Therefore, every
element of system state is bounded which implies that the
system state is bounded over [0, 10]. In other words, system
(43) is FTB. The same conclusion could be reached via
Figure 3. From Figure 3, it is easy to find ||x] < C, = 200
over [0, 10]. Thus, the state of system (43) remains within the
prescribed bound over [0, 10]. Therefore, under the designed
controller, system (43) is indeed bounded over [0, 10].

In addition, though system (43) is finite-time bounded,
its state trajectory is an oscillating curve over [0, 10]. Thus,
system (43) is not Lyapunov stable over [0, 10]. It is illustrated
that FIB is different from LAS. There is not a necessary
relation between them.

5. Conclusions

This paper focuses on the FTS analysis for a class of uncertain
switched positive linear systems. Based on multiply coposi-
tive Lyapunov-Krasovskii functions and average dwell-time
method, a robust state feedback controller is built such that
the uncertain system is finite-time bounded. The innovation
points lie in that a concise definition of FIB is proposed for
switched positive system. Since the new definition is adopted,
the subsequent mathematical derivation is greatly simplified.
Finally, a numerical example illustrates the validities of the
obtained results and the difference between LAS and FTB.
However, multiply copositive Lyapunov-Krasovskii func-
tions in this paper are traditional. In the literature [32,
33], barrier Lyapunov functions and P-times differentiable
unbounded functions are presented, respectively. In future
work, we will try to utilize the two new kinds of functions to
deal with the FT'S problem for switched positive system and

1.5+

System model

0.5 |

Time

FIGURE 1: The figure of switching law.

200

180 |

160 |

140 |

120 +

Time

—— xy : the Ist element of system state
X, : the 2nd element of system state

FIGURE 2: The figure of system state.

make a comparative analysis with the traditional functions.
In addition, interval and polytopic uncertainties could not
cover all kinds of the uncertainties in practice. Therefore,
we will analyze the problem of FTS for switched positive
linear system with arbitrary uncertainties. As mentioned in
Section 1, the switching behavior is an important factor for
the problems of FIB and FTS. For FTB and FTS, it is one
of the critical issues to analyze asynchronous switching [34],
slow switching, and fast switching impacts on the system
state. In this paper, the issue has not been discussed in detail.
Therefore we will try to investigate this issue for switched
positive system in further study.
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