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Abstract In this paper, finite-time stability (FTS) and finite-time boundedness (FTB)
are investigated for a class of switched linear systems with large delay period and
input disturbances. The limitation of the frequency and the maximum ratio of large
delay period are used to guarantee the properties of FTS and FTB. By constructing a
piecewise Lyapunov functional with large delay integral terms, sufficient conditions
that can guarantee the FT'S and FTB are developed in the form of linear matrix inequal-
ities. Two numerical examples are provided to demonstrate the effectiveness of the
proposed results.

Keywords Finite-time stability - Finite-time boundedness - Switched system - Large
delay period - Piecewise Lyapunov functional

1 Introduction

Switched system is an important class of hybrid dynamical systems. The primary
motivation for studying switched system is from its numerous applications in control
of mechanical systems, such as aircraft and air traffic control, automotive industry and
many other fields [9,14,15]. Many valuable results on switched systems have been
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developed in the last few decades. Most of the existing results related to stability of
switched linear systems focus on the Lyapunov asymptotic stability which is defined
over an infinite-time interval [1,2,4,5,15,22,27]. However, in many practical applica-
tions, the main concern is the behavior of the system over a fixed time interval. Some
early literature related to FTS and FTB can be found in [10,13,17,21]. The FTS prob-
lems have attracted scholars’ attention again in recent years such as [6,7,12,16] and
[23-26]. In addition, time-delay phenomena are commonly encountered in various
engineering systems, which may degrade the system performance, cause oscillation
and even lead to instability [3]. As a result, many research efforts have been devoted
to the study of finite-time control for switched linear systems with delay [3,20].

Note that the aforementioned results are mainly concerned with small delay sys-
tems. The study of FTS and FTB problems for switched systems which include both
small and large delay subsystems is few focused on, even for the linear cases. Ref-
erence [19] is the first work to study the stability of a single linear system which is
with large delay period, and the concepts of the length rate and the frequency of large
delay period were introduced. Inspired by this, we wish to use the related method
proposed in [19] to switched linear delayed systems which consist of both stable and
unstable subsystems. To achieve this goal, several problems need to be solved. (1) How
to choose Lyapunov functional to eliminate the influence of large delay? (2) How to
realize the unity of the Lyapunov functional between the large delay subsystems and
small delay one? (3) How to seek switching signal and calculate the ratio at each
switching point?

The main task of the paper is to solve the above three problems. The first problem
is solved primarily by constructing a new piecewise Lyapunov functional with large
delay integral terms (LDITs) to eliminate the influence of large delay. For the second
problem, a uniform Lyapunov functional was constructed for both stable and unstable
subsystems, though the LDITs are not necessary for stable subsystems. Under the
restriction on the maximum ratio between the running time of LDP and SDP, the third
problem is effectively solved by introducing some LDITs to the piecewise Lyapunov
functional candidate. The adding of LDITs makes the third problem solvable and does
not increase the conservativeness of the criterion.

This paper is organized as follows: Sect. 2 gives some useful preliminaries. Section 3
provides the analysis of FTB and FTS for switched linear systems with large delay
period, following two simulation examples in Sect. 4. Section 5 concludes this paper.

Notation Throughout this paper, the notations are standard. R stands for the set of all
the nonnegative real numbers. P > 0 denotes a positive definite matrix, and * denotes
the symmetric term in a symmetric matrix. Z = {0, 1,2, ..., L} where L > 1 is the
number of subsystems. £2 = {R;,i € Z} denotes a set of positive definite matrices.
Amax (P) and Apin (P) denote the maximum and minimum eigenvalues of symmetric
matrix P, respectively. N is used to denote an integer set {0, 1, 2, ...}.

2 Preliminaries

Consider a class of continuous switched linear systems with time-varying delay in a
fixed finite-time interval [0, T']
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X(t) = Asnx(t) + Ado )X (t — do1)(t)) + Doy (1),

where the state vector x(f) € R", the input disturbance w(t) € R™ and

T
/ oo @)dt <d,, d,>0. )
0

Ay, Ado(r) and Dy (1) are known real constant matrices of appropriate dimensions.
@(t) : [—h3,0] — R" is a continuous initial function in which &3 > 0 is constant.
do (1) (t) denotes the time-varying delay satisfying

0 <hi <dey(t) <hs3, doy(t) <d < 1. A3)

The switching signal o (¢) : [0, T] — Z is a piecewise constant function. It is assumed
that the system switching is dependent on time. If t € [#, #4+1), we say that the o (f)th
subsystem is active in the running time of ;| — f, in which 7, stands for the switching
instant for k € N. For simplicity, it is assumed 7y = 0.

To facilitate the upcoming control design, two assumptions imposed on system (1)
are given as follows.

Assumption 1 Switched system (1) is FIB if d () (¢) satisfies hy < dy(1)(t) < hy <
h3 for Vt € [0, T']. Otherwise it is not FIB if hy < dy)(t) < h3 for Vt € [0, T'].

Assumption 2 Switched system (1) with w(z) = 0 is FTS if dy ;) (¢) satisfies by <
dyt)(t) < hy < h3 for Vt € [0, T]. Otherwise it is not FTS if iy < dy (1) (t) < hj3 for
vVt €[0,T].

Definition 1 [19] Time interval [T}, T>) is called large delay period (LDP) if for
vVt € [Th, T2), hy < dy ) < h3 holds. And it is called small delay period (SDP) if for
VI € [Tls T2), hl S do'([) S hz hOldS.

Throughout this paper, we allow both the large delay and the small delay subsystems
to coexist in system (1). The set of small delay subsystems are denoted by Z; =
{0,2,4, ..., L—1}.Inthis case, whent € [ty, tky1),0() € Isandhy < dy() < ha.
The set of large delay subsystems are indicated by Z; = {1,3,5,..., L}. When ¢t €
[f2k+1, t2k42),0(t) € Tyand hy < dy sy < h3 hold. The running time of LDP and SDP
is defined as Tj(o,) and T,r), respectively. Let N, (0, 1) denote the switching times
within a finite-time interval [0, ¢], while N (0, #) and N;(0, 7) indicate the switching
times of LDP and SDP, respectively.

Definition 2 [25] Given a positive constant 7, the switching signal o (¢) in a finite
interval [0, T] is said to possess a property of maximum ratio 7 between the running
time of LDP and SDP, if T‘(O ” < n hold for any ¢ € [0, Tt]. Such a property is called
MRRT 7 and expressed as 0,, for simplicity.

Definition 3 [19] For any 75 > T} > 0, Fr (T, T») = % is referred to the
frequency of LDP in the time interval [T, 73).
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Definition 4 Given positive constants Tt, ¢; < ¢z and d,, > 0, system (1) is extended
finite-time boundedness with respect  to (c1,¢2,82,T¢, 0y, dy), if
Supte[7h3,o]{XT(I)Ran(x)X(t), )'CT(Z)Ran(t)fC(f)} <c = xT(t)R,,n(,)x(t) < ¢ for
any t € [0, T¢].

Definition 5 [25] Given positive constants 7t and ¢ < ¢», system (1) with
disturbance w(f) = 0 is extended FTS with respect to (ci, ¢, 2, Tt, op), if
SUD; e[y, 011X T () Roy ()X (1), 3T (D) R (0 X (D)) < €1 => X" (1) Royy ()X (1) < 2 for
any t € [0, Tr].

Remark 1 System (1) includes finite-time unbounded subsystems, due to the effect of
large delay dy (1) (1), o (t) € Z;. Although system (1) can be unbounded if LDP appears
in the whole fixed time interval [0, T'], it can still be FTB when LDP and SDP alternate
appears with a property of MRRT . In the present paper, we give a restriction on the
maximum length ratio of LDP and the frequency of LDP by which to obtain the FTB
and FTS conditions.

3 Stability and Boundedness Analysis

Consider the following time-delay switched systems

xX(t) = Agyx(t) + Ads (X (t — do(1y(t)) + Doy (),
x(t) = ¢(1),t € [—h, 0], “4)
in which o(¢) € Zs, hy < dy()(t) < h2 and all the other parameters are the same

with system (1). To analyze system (4), the Lyapunov functional candidate is chosen
as follows

,
Viewy ) =Y Viy0)®), )

i=1

where

VL oy @) = xT(0) Piox (1),

T

Vlza(t)(t) =/ 170 6=DxT(5) Q16 x (s)ds,
t—dy )
t—h

V]3a(t)(t)=/ , 1706 =DxT(5) 0r5 1) x (5)ds,
,,
t—ilz

Vip @ @ = / ) 19080 kT () Q36 (1) (5)ds,
t—n3

0 T
Vi@ = / / o0 DT (Y Wg ()% (5)dsd,
—hy Jt+6
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—h

T
Ve (@ = / 10060 T () Woy (1)1 (5)dsd6,
—hy t+6

—hy T
Vi@ = f / o0 5T () Wiy (1% (5)dsdb,
—h3 t40

with Py 1), Qior)s Wio)», I = 1,2, 3 are determined positive definite matrices. In
this section, two lemmas which play important roles in the coming FTB and FTS
analysis are developed as follows.

Lemmal Let T > 0,0(t) = p € Zs,a1p > 0,h3 > hp > hy > 0andd < 1.
If there exist positive definite matrices P1p, Qip, Wip, (i = 1,2, 3) which satisfy the
following linear matrix inequality

— —ayphy
le Zzp 0 eth Wip 0 23,;

* Z4p 0 0 0 ZSp
—ayphy
0 0 e 2y 0 0
Elp — 26[7 h12 217 < 0, (6)
e*(xlph3
* 0 % 27 i Wap 0
0 0 0 * ZSP 0
L« % 0 0 0 ng_
where
e—(xlphz

Z =PlpAp+A£P1p+le+a1pP1p_—W1p+A£A1pAp7
1p ha

T T
E 2 = PlpAdp + ApAlpAdp, E 3 = Plpr + ApAlpr,
—aqph T

2417 = (L= d)e™2Q1p + Agp Atp Adp,
E = Ay, A1pD E =e g, — et Wa

5p dpA1pPp> 6p P i P>

e~ %1pha e—%1pha e—1phs

Yo =l - - Wi, — W, W3,

Tp (Q3p Q2p) hy 1p hi 2p s 3p

—aiphs

2: — _,—iphs3 _¢ 2: —pT _

8p e p Q3p h23 W3P’ 9p = DpAlpr SP’

Arp = hoWip +h1oWop + hosW3p, hio =hy —hy, haz = h3 — ha,
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then, for NVt € [tok, tak+1), one has
Vig@(t) < e 10020y, o (x (1))

T
+ / e_ala(tzk)(t_s)wT(s)So.([zk)a)(S)dS. (7)
12k

Proof By computing the time derivative of (5) along the trajectory of system (4), it is
obtained

Vi = xT0) (Pipdy + ALPL) £ + 270 (PipAay) x (1 = dp(0)

+xT (1 = dp(0) (Agp Pl,,) x(t) + 270 (P1,Dp) o(t)

+™ (1) (D1 ) (0, ®)
Vi, (1) < —a1p Vi, (0) +xT(0) Q1px (1)

—(1 —dye™"2xT (1 —d,p (1)) Q1px (1 — dp (1)), ©)
Vi, (1) = —ap, Vi, () + e M xT (¢t — hy) Qopx (t — hy)

—e~P2xT (1 — hp) Qapx (t — h2) | (10)
Vi (0) = —a1, Vit (1) + e "2xT (¢ — hy) Q3px (1 — ha)

—e~ Xt (1 — h3) Qapx (1 — h3) (11)

T
VE,(6) < —a1, Vi, (1) + hod T () Wi (1) — e—“lphZf i)Wk (s)ds.  (12)
t

—hy
Moreover, with Jensen’s inequality [8], we get

Vi, (6) < —a1, Vi, (0) + haik T (1) W12 (1)

e—alphz

[x(1) = x(t = h2)]" Wi, [x(t) — x(t — h2)]. 13)

Similar to the proof of (13), one has

VE,(6) < —aip VI, (0) + hiak T (1) Wapi (1)
efollphz

[x(t = h1) — x(t — h)]" W [x(t — 1) — x(t —h2)], (14)

VI, (1) < =1, VI, (0) + hosi T (1) W31 (1)
e—alphg

[x(t = ha) — x(t = h3)]" W, [x(t — ha) — x(t —h3)]. (15)

Consequently, if inequality (6) holds, (5) and (8)—(15) immediately lead to the
following inequality

Vip(®) + a1, Vip (1) — o' ()Sp0(t) < £y (D E155,(1) <0, (16)
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in which ¢, (1) = [xT(t), xT(t=d, (1)), xT(t — hy), xT(t — h2), xT(t — h3), wT(t)]T.
By integrating (16) from 1y to ¢, inequality (7) follows readily. O

Remark 2 Lemma 1 discusses small delay subsystems of system (1). For the small
delay case, all LDITs contained /3 are not needed in the traditional constructions of
Lyapunov functional [11,18,23], while these LDITs are necessary for the Lyapunov
functional of Lemma 2 which will be discussed in Remark 3.

Next, consider the following system

X(t) = Asyx (@) + Ago (X (t —do(1)(t)) + Doy (1),
x(t) = (), t € [—h3,0), (17)

where o (1) € Ij, ho < dy() < h3. For system (17), with the help of determined
positive definite matrices Pas (1), Qio (), Wio(r) fori = 4,5, 6, choose the Lyapunov
functional as

7
Vacy (1) = Y Vi) (0. (18)
i=1

where

Vagy ) = X7 (1) Pag 1 x (1),
T

V220(t)(t) =/ e®2 009 xT(5) Q4 x (5)ds,
t—d”(,>
3 t—hy T
VZU(t)(t) = /t_hz Caz”(’)(t_s)x (S)Q5g(,)x(s)ds,
4 t—hy T
Voo (1) = f e®2 0T (5) Qo (1) x (5)ds,
t—hs3

0 T
Vi @) = f / 200 =) 3T () Wiy (1)1 (5)dsdb,
—hy Jt40

V260(t)(t) :/

—hy

7 e
Vae iy 1) = /

—hs

—h T
/ eazam(t—S)xT(s)WSU(,))&(s)dsdH,
146

T
/ eazo(t)(tfs)xT(s)Wéa(t))'c(s)dsde.
1+60

Based on the Lyapunov functional specified by (18), the following lemma is achieved.

Lemma2 Let T > 0,0(t) =q € Ij,a2g > 0,h3 > hy > hy > 0andd < 1.
If there exist positive definite matrices Py, Qiq, Wiq, (i = 4,5, 6), which satisfy the
following linear matrix inequality
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— W -
Zlq ZZq 0 h;;q 0 ZBq
¥, 0 0 0 E
e 1W5q
By=| 0 0 Lo Tt V<0, (19)
0 * 27(1 2 h23W6q 0
0o 0 0 s O
o0 0 0w,

T Wiy T
= P2qu +AqP2q + Q4q _a2qP2q - _h2 + Aququa

lq
T T
2y = PraAdg + AgA2gAdg, qu = PyyDy + Ay A2y Dy,
4y = (=D Qag + Mgy Moy Ay,
eazth
Wsq,
h

h h
a2gho Wiy e 'Wsq %2 > Weq

= =" (Qs5y — Qg) — — — - ,
ha hi2 hi2

a2 ho
e*24"2 W,
="M Qgy — ———1, " =DJAyDy—S
e 9 b
Q6q his 9 q 229 q

Qg = hoWay + h1oWsg + hosWeq, hio = ha —hy, haz = h3 — ha,

>
>
>
ZSq - quAh]Dq’ Z6q = el Osq —
>
>

then, for Vt € [ta+1, 2k+2), one has

Vag(y (1) < 0t 00y L (2 (tart1))

T
+ / 2 ) I T ()8 1 (s)ds. (20)
Dk+1
Proof The proof of Lemma 2 is similar to that of the Lemma 1. O

Remark 3 Lemma 2 discusses large delay subsystems of system (1). In order to get
the delay bound /3 in LMI (19), LDITs are introduced in (18). The LDITs V145 ) and
V17 o) defined in V4 () are also necessary. In fact, these terms make the corresponding
integral parts in Vi4(r) and Vo, ;) with the same integral. Hence, these terms are critical
to make the ratio between Vi, ;) and Vo4 ;) easily calculated at each switching point.

Theorem 1 Consider the continuous time-delay switched system (1), for given pos-
itive constants cy, c2, T, dy, a1p, a2q, p € Is, q € 1. If there exist positive definite
matrices Pip, Qip, Wip(i = 1,2,3), Py, Qig, Wiy (i = 4,5, 6) satisfying LMI (6)
and (19), then under switching signals (S), system (1) is extended FTB with respect to

Birkhauser



3624 Circuits Syst Signal Process (2017) 36:3616-3629

(c1,¢2,82,T,0y,dy,) where

ce“oT
Cy = n s
min {)"min {RU(,) Plo(t) Rg(,)} , Amin {RG(,) P20(t) Rg(,) }}
o — o
o :a—i—w, c= Acy + Agdy,

1+n
A =1+ g+ As)ha + e M (g - dg)hia + e 2 by 4 A7) a3,

_1 _1 _1 _1
Al = Amax <Rg(%)) P]o(())RU(%))) » A2 = Amax (Rg(%)Qla(O)Rg(%))) s
1 _1
A3 = Amax ( (,(0) QZG(O) Rg(o ) A4 = Amax U(O) Q3U(O)Rd(6)) s

1 _1
A5 = Amax <Ra(0) Wla(O) (r(O A6 = Amax ( 0(0) WZU(O) Ra(%))) s

A7 = Amax (Ra(o) W3a(0)RU(0)) A8 = Amax (So(n)» @1 = max {ai()}

o2 = max {(ng(,)} , Oy = min 0[1(7(;)} Aoy = min {(ng(,)} .

Therein, the switching signals (S) should satisfy the following properties:

T
00 <y FO.1) < —=—, a>0, ¥tel0,T],
2

T50.,1) IH(MMM)

Py < m Prns Qim = nQjns Wim < bmWin,
o= elmtennhs s 10wy = max{u),
Vi, h € {1,2},Y{i, jlor{j,i} = {(1,4), (2,5),(3,6)},m,n € T.

Proof Construct piecewise Lyapunov functional candidate as follows

Vo (6) = | Vie@ @), 1 € [k, b)),
o0 Vao) (). 1 € [tag1. tax2). k€N,

2L

(22)

(23)

where Vis ) (1) and Vo, (1) (¢) are defined in (5) and (18), respectively. From (22) and

(23), it is easy to see that the switching point satisfies

View) < M,»VZG(ID, Yo(ti))=pels, ot;)=qel, ieN,
VZa(t_,) = Ml/«jvlg(l]f)a Vo(tj) =q € 1, U(tj_) =pel;, jeN.

) Birkhduser
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Consider the piecewise Lyapunov functional (23), from Lemmas 1 and 2, it yields

e Mo TRy 0 (x ()
T - i
+f[2ke ot Y)")T(S)‘Svlf(lzk)“)(s)ds» t € [tor, tart1),
Vo (1) < (25)
e DDy (1))
+f;;HFazo(tz’f“)(t_s)wT(S)Sa(zzkH)w(S)ds, t € [0hy1, akt2)-

Without loss of generality, we assume ¢ € [fox+1, f2k+2), k > 0, 0(¢) € Z;. Based on
(23) and (24), along the trajectory of system (1), it derives

Vo () < MM2k+1eaz"(tz"“)(t_tzm)Vla(t27(+|)(x(f27¢+1))
t
+/ eazrr(tZkH)(Z_S)O)T(S)SG(IZI{H)w(s)ds
Dk+1
<exp(N(0, 1) Inp + N (0, ) In s + @2m T10,0) — %1m Ts0,1)) Vie 0)(0)
t

+Amax (So (1)) / exp(N1(0, t)In w4+ Ny (0, 1) In pps + a2 Tho,s)
0

— a1 Ty(0,5))@" () (5)ds. (26)

In view of (21) and N, (0, t) < 2N;(0, 1), it is easy to see that

N0, 1) Inp + N (0, 1) In pepg + a2 Ti0,0) — %im Tsc0,1)

< (Ol + w)t = cot. (27)
I+n

Then, from (26) and (27), it holds
Vo) (1) < €' Vig0)(0) + Amax (So ()€ doy. (28)

By virtue of the form of Lyapunov functional and the condition of Theorem 1, one
has

Vie©)(0) < [M + (A2 + As)ho 4+ e M (A + Ag)hin + e 2 (g + /\7)h23]

x sup xR x(0), 5T (O Rs(15(0)]
te[—h3,0]

= Acy. 29)
Substituting (29) into (28) yields
Vo) (1) < e Acy + rge'd,, = ce’. (30)

) Birkhduser
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Noting that Vi, () (1) > xT(t) Piyyx(t) and Vag (1) (t) > xT () Pag X (t), hence

XN Ry x(1) < . 31)

This completes the proof of Theorem 1. O

When the input disturbance w () vanishes, we have another main result in this paper.

Theorem 2 Consider the continuous time-delay switched system (1) with w(t) = 0,
where the parameters are the same with Theorem 1. If there exist positive definite
matrices Pip, Qip, Wip, (i = 1,2,3), Piy, Qig, Wiq, (i = 4,5, 6) satisfying LMI
(32) and (33) (all the parameters are defined in Lemmas 1 and 2 with D), = D; = 0)

—ajphy
le ZZp 0 ¢ p Wip 0
241, 0 O 0
E,=| 0 0 Y, ¢ hij Wy O <0, (32)
—ayph3
0 27,; € h2§ W3p
0 0 0 * 3
- P
— W -
Zlq Z2q 0 h;;q 0
* 24,1 0 0 0
- e*2a"
aéq =1 0 0 X6 —5 - — ? <0, (33)
e*2q 2 W,
¥ 0 ¥ Z7q ho3 !
i 0O 0 O * 8

then, under the same switching signals (S) with Theorem 1, system (1) is extended
FTS with respect to (c1, c2, 82, T, o)), where

c=cp* [M + (A2 + As)hy + e UM g 4 Ae)hin + e 742 (g + )»7)h23] .

Proof According to Theorem 1, the conclusion is easy to get by letting w(¢) = 0. O

4 Simulation Examples

Example 1 Consider continuous time-delay system (1) with two subsystems

) -0.2 1 1

X)) = |: 8 _8.9:| x() + [ 8 1 8.1i|x(t di (1)) + [0 (1)] w(t),

x() =[1,2]%, 1 € [~h», 0], (34)
o= 935+ [ 380 a0 44 oo
x(t) = [0, 117, t € [~h3, 0], (35)
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x 10
5 3
4 25
2
3
> "
' e 15
,_x( »—xw
2
1
! 0.5
0 o)
0 2 4 6 8 10 0 2 4 6 8 10
Times(S) Times(S)
a b

Fig. 1 Time history of xTRx

Fig. 2 The switching signals 1.5

0.5

Signals

-0.5
4 6
Times(S)

where di(t) = 0.2 4+ 0.1 % sin(t), da(t) = 0.6 + 0.3 % sin(¢) and w(t) =
[0.01 % sin(r), 0.02 % cos(2t + D]T. A straightforward calculation obtains 7} = 0.1,
hy = 03,h3 = 09 and d = 0.3. The simulation parameters are given as
c1 =5T =10,R = I and d,, = 0.1. In this example, (34) denotes a small delay
subsystem 1 and (35) indicates a large delay subsystem 2. Figure 1a, b shows that the
subsystems 1 and 2 are bounded and unbounded in time interval [0,10], respectively.

For a; = 0.01,p = 0.02, ¢ = 0.21, upy = 1.21,n = 0.1764, we obtain P; =

1.4086 —0.2167 0.1243 0.1251

~0.2167 1.9320 } 2 = [0.1251 0.2139]’ 1= 20L A = 1LO3OL A5 =
0.5867, A4 = 0.8197, A5 = 0.9878, 1 = 0.6164, A7 = 1.6026, A3 = 2.8358 and
¢ = 34.1407. Given switching signals as shown in Fig. 2, we can see from Fig. 3 that
the switched system is bounded in finite-time [0, 10].

Example 2 [11] Consider system (1) with

-2 0 -1 0
A=Ay = |: 0 _0_9:|, Ag = Ay, = |:_1 _1:|, w()=0. (36)

For the case of 0 < d;(t) < 1.6,d = 0.5and T = 50, Table 1 shows all the bounds of

232 , F(0, t) and maximum allowed delay bound (MADB). It is worth pointing out

that MADB obtained in [11] is only 2.04, while our method can achieve the MADB
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Fig.3 XTRX under switching 10
signals
8
6
>
[
L
<
4
2
o
0 2 4 6 8 10

Times(S)

Table 1 The bounds of €0 (0, £) and MADB for 0 < dy (1) < 1.6 and d = 0.5

Ts0,1)°
d>(1) 1.6 <ds() <8 1.6 < da(t) < 15
The bound of 7% 0.1538 0.1432
5(0,1)
The bound of F(0, t) 0.0125 0.0067
MADB 8 15

as high as 15. Hence, the method proposed in this paper can provide a large MADB
compared with the exiting methods.

5 Conclusions

FTB and FTS have been investigated in this paper for a class of switched linear systems
with large delay period. Though the subsystems with large delay may be finite-time
unbounded, with the help of an appropriate switching signal, the FTB and FTS are
still guaranteed under the restriction on frequency and maximum ratio of LDP. By
introducing a piecewise Lyapunov functional with large delay integral terms, the LMI
conditions are given with the help of Jensen’s inequality. Two numerical examples
demonstrate the effectiveness of the proposed method.
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