CHAPTER 5
Robust stability of a class of uncertain
Lur’e systems of neutral-type with

time-varying delay

In this chapter, we make the problem of robust stability for a class of
uncertain neutral and Lur’e dynamical systems with sector-bounded nonlinear
functions. The time delay is a continuous function belonging to a given inter-
val, which means that the lower and upper bounds for the time varying delay
are available, but the delay function is not necessary to be differentiable. To
the best of the authors knowledge, there were no global stability results for un-
certain neutral and Lur’e dynamical systems with some sector bounded condi-
tions [10,13,55,65]. Based on the construction of improved Lyapunov-Krasovskii
functionals combined with Liebniz-Newton’s formula and the integral terms, new
delay-dependent sufficient conditions for the uncertain neutral and Lur’e dynam-
ical of system are established of LMIs. Numerical examples are given to illustrate
the effectiveness of the results.

Consider the following uncertain Lur’e system of neutral type with inter-

val time-varying delays and sector-bounded nonlinear functions:

z(t) — Ci(t —n(t) = (A+AA>{))z(t) + (A + AA(t))x(t — h(t))
+(B+ AB(1))f(e(t)), (5.1)
ot) = HTz(t)=1[h hy ... hp) z(t), Vt>0,
zt+s) = ot+s), zt+s)=ept+s),se[-m,0,

m = max{hy,n},

where z(t) € R™ is the state vector; o(t) € R" is the output vector; A € R"*",
B e R C e R"™, A € R, H € R™™ are known constant matrices;
f(o(t)) € R™ is the nonlinear function in the feedback path, which is denoted
by f for simplicity in the sequel. The nonlinear function f(o(t)) satisfies the

following:

flo®) = [filor(t)) faloa(t)) . fumlom(®))],
o(t) = [ou(t) oa(t) ... on@®)]" =[hT2(t) hiz(t) ... RLz(t)], (5.2)

m
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where, each f;(o;(t)), ¢ = 1,2,...,m term satisfies one of the following sector

bounded conditions:

filoi(1)) € Koy = {fi(os(t)) | £i(0) = 0,0 < 03(t) fi(0s(t)) < Kios(t)?,
o;(t) # 0} (5.3)

fi(oi(t)) € Koo = {fi(0:(t)) | fi(0) = 0,04(t) fi(0s(t)) > 0,0(t) # 0} (5.4)

AA(t), AB(t), AA;(t) are time-varying uncertainties of appropriate dimensions,

which are assumed to be of the following form:
[AA(t) AB(t) AAi(t)] = DF(t)[Ey Ey Ej), (5.5)

where D, F1, F5 and FE5 are know matrices of appropriate dimensions, and the

time-varying matrix F'(t) satisfies
FY()F(t) < I, Vt>0. (5.6)
The delays h(t) and 7(t) are time-varying continuous functions that satisfy

0<hy <h(t)<hy, 0<n(t)<n, nt)<n<]l. (5.7)

5.1 Stability of uncertain Lur’e systems

Now we present a new delay-dependent condition for the uncertain system (5.1)

satisfying the sector bounded condition (5.3).

Assumption 5.1.1 All the eigenvalues of matriz C are inside the unit circle.

Theorem 5.1.2 Under assumption 5.1.1, given a > 0. The system (5.1) satisfying
the sector condition (5.3) is exponentially stable if there exist symmetric positive
definite matrices P,Q, R, U, F, L; symmetric positive semi-definite matrices Z =
diag(z1, 22, .oy Z2m), and J = diag(ji, jo, ..., Jm); Scalars €, > 0 and ea > 0; matrices

N;; 1 =1,2,3 of appropriate dimensions such that the following LMIs hold:

T
Mle—[OI—Ioooooo} (5.8)

xe’zahQU[O —-I 1 00000 O]<0,
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T
MQ:M—[O—IOIOOOOO} (5.9)

><e_2o‘h2U[O I 0 -1 0000 0]<0,

-(bll ¢12 ¢13 ¢14 ¢15 ¢16 (bl? ¢18 ¢19

* ¢22 ¢23 ¢24 ¢25 ¢26 ¢27 ¢28 ¢29
x % ¢33 0 0 0O 0O 0 O

*x * * ¢44 0 0 0 0 0

M = X % x ok Oss Osg P57 s Psg | s

* * o % * o6 Yo7 Pes 0
* * * * * x ¢ O 0

* * * * * * *  ¢gg 0

* * * * * * * * (g9

where

¢y = PA+ATP+Q+Q" —e MR — e 2R 4 202" (t)Px(t),

¢13 = e MR 1y =e "R, ¢1; = PC, 15 = PD, ¢rg = ;B ,

b6 = ATL+ATN] 15 =A"HZ" + PB+ HKJ + ATNJ +20HZ,

by = —2e72MU L NJA) + ATNT | o3 = e72°M2U, gy = e~ 2027,

¢ps = ATHZT + N\B+ ATN], s = ATL — Ny + ATNT | ¢or = N1C,

Gos = NiD, oo = 6 E3 , g3 = —e M Q — e **MR — e7220,

b = —e2MQ e MR — "2, ¢5; = ZHTC + NyC,

¢s5s = ZH'B+B'HZ" —J—J" + NoB+ B'N]  ¢s6 = BT'L — Ny + BT NY,
¢ss = ZH'D+ NoD, b5 = €iE2T, Pgs = —€1, P9 = —€;1,

dos = MR+MR+F+ (hg— 1)U —L—LT — Ny — NT, ¢ = PA; + ATNT,
ps1 = LC + N3C,¢gs = LD + N3D, ¢p77 = —e>*"(1 — np) F.

The solution x(t) of the system satisfies,

2 bll M- 2 M. 2
r\x<t>r\s\/a”¢” A L el PR, (5.10)

where

a = Ai(P) + 2hod s (R) + ot (U) + 20 (HZKHY): K = diag(ky, ks, ..., k),
b= 22\ (Q) =52 42y h g (R) =2 4 ho Ay (U) =222

¢ = Ar(F)= |My || = sup_ e ueo 12()]], [|Ma]] = Sup_peyco 12(3)]]-
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Proof. Using (5.5), the uncertain system (5.1) can be represented as

#(t) = Ax(t)+ Ax(t —h(t)) + Bf(o(t)) + Ci(t —n(t)) + Dp(t),

p(t) = F@)(Bix(t) + Eaf(o(t) + Esx(t — h(1))), (5.11)
oty = HTz(t)=1[h hy ... hp 2(t), Vt>0,

z(s) = &(s), s € [—max(hg,n2),0].

We consider the following Lyapunov-Krasovskii functional

V(z(t)) = gVi, (5.12)
where -
Viel) = T OPa)
W) = [ e (s)Qa(s) ds
V) = [ et 9Qes)ds

Via() = hn / O
i |

/ 2T (1) Ri(r) dr ds,
h1 +s
0
h

t

620‘533T (1)Rz(T)dr ds,
2 Jt

+s
Vo(z(t)) = (ha— hl/ /+ e 37 (1)U (1) dr ds,
V(a(t)) = / () ds

Va(z(t) = QZAieZO‘t /0 i fio:) do.

Taking the derivative of V' (z;) along the solution of system (5.11), we have

Vi(z(t)) = 20e®2T(t)Px(t) + 26>zt (t) Pi(t),
= 202’ (t)Pax(t) + 227 () P(Az(t) + Az (t — h(t)) + Bf(o(t))
+Ca(t = n(t) + Dp(1))],
Ta(a(t) = ET(Qu(t) — e 2T (1 — h)Qu(t — b)),
Via(t) = T (Qu(t) — ¢ (1 — hy)Qu(t — b)),

53



Vi(z(t)) < e[ () Ri(t) — hye 2 /th @ (s)Ri(s)ds],

Va(z(t)) < e [h2i" (t)Ri(t) — hoe 22 /t_h i (s)Ri(s)ds],

Vs(x(t)) < e®(hy — h)?2" () Ui (t) — (hy — hy)e 2" /t . ly'cT(s)Uy'c(s)ds],
Va(z(t)) < e*[a" () Fi(t) — e (1 —na)a" (t — n(t) Fi(t —n(t))],

. i(t)
Va(a(t)) = 22&-6“(2(1 / filovdos + £ (8))6:(2)),

< 2C“t[ aff(o()Zo(t) + 2" (a(t)) Zo(1)]

< edaft(o(t)ZHa(t) +2f (o) ZH i(t)],

= Ao f (o(t) ZHa(t) +2f" (o(t)) ZH" (Ax(t) + Ara(t — h(t))
+Bf(a(t)) + Ci(t —n(t)) + Dp(t))]- (5.13)

Applying Lemma 2.5.6 and the Leibniz-Newton formula, we have

—hy /tthl T (s)Ri(s)ds < —[/tthl ;p(s)} TR[/tthl :L‘(S):|
< —fa(t) = 2t — hy)] Rla(t) — 2t — 1))
= —2T(t)Rx(t) + 227 (t)Rx(t — hy)
—z(t — ) Ra(t — hy), (5.14)
—hy /tth T (s)Ri(s)ds < — [/tth x(sﬂ TR[/;M x(S)}

< —fa(t) = a(t — ho)]" Rl (t) — a(t — hy)]
—2T () Ra(t) + 227 () Ra(t — hy)

I

—27(t — hy)Ra(t — hy). (5.15)
Note that
—(hy — hn) /:hh i () Ui(s)ds = —(ho—hn) /;:(t) T (s)U#(s) ds
(hs — hy) /:h; 7 (s) Ui (s) ds
— —(hs— h(t)) /tt:(t) T () Ui (s) ds
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—(h(t) — h) /t 7 (s) U (s) ds (5.16)

(s — h(t)) / T i Uy ds < = /t th(t)j:(s)ds]TU[ /tih:(t)ab(s)ds]

t—ho —h2
< —[z(t —h(t)) —x(t — hy)]"Ulz(t — h(t))
—x(t — hs)], (5.17)
and
—(h(t) — h) /t_h(t) T (s)Uk(s)ds < — [/t_h(t) y'c(s)ds} U[/t_h(t) y'c(s)ds}
< —fa(t = h) =2t = b)) Ula(t — k)
—x(t — h(t))]. (5.18)
Let 6 = }222%}2(? < 1, so we have
t—hy t—hy
—(he — h(t)) /th(t) i (s)Ui(s)ds = —p3 tfh(t)(hz — hy)a (s)Ui(s) ds
< -3 t_h(tl)(h(t) )i () Ui (s) ds
< —Blat = ha) =2t — b)) Ulz(t — h)
—x(t — h(t))], (5.19)

t—h(t) t—h(t)
—(h(t) — hy) /t x’T(s)U:t(s) ds = —(1— ﬁ)/t (hy — hl):tT(s)ch(s) ds

—hsy

IN

t—h(t)
_(1-8) /t_h (hs — h(8))iT (s)Ui(s) ds
< (1 B)lalt — h(t)) — x(t — )" (5.20)

xUlz(t — h(t)) — 2(t — ha)].
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Therefore, from (5.16)-(5.20), we obtain

t—hy
—%@—hﬂ[?/f%@Uﬂ@mgg [t — B(t)) — x(t — ho)[TUa(t — h(t))

—a(t = ha)] = [w(t = ha) — 2t = h(t))]"
xUlz(t = hy) — x(t — h(t))] = Bla(t — hy)
—a(t = h(t)]"Ulz(t — ha) — 2t = h(t))]
—(1 = B[t = ht)) — =(t — ha))"

xUla(t — h(t)) — a(t — hy)]. (5.21)

We add the following zero equation:

26T (H)N[Ax(t) + Ay (t — h(t)) + Bf(o(t)) + Ci(t —n(t)) + Dp(t)
—i(t)] =0, (5.22)

where N = [NT NI NINT &(t) = [Tt —h(t)) fT(o(t)) 27(t)]T and by using
the identity relation

—&(t) + Ax(t) + Arz(t — h(t)) + Bf(o(t)) + Cx(t — n(t)) + Dp(t) = 0,
we have

—2&7 () La(t) + 227 (t)LAz(t) + 227 (t) LAz (t — h(t)) + 227 () LBf(o(t))
+23T (t) LC@(t — n(t)) + 227 (t)LDp(t) = 0. (5.23)

From sector bounded condition (5.3) and J = diag(j1, j2, .-, jm), We have
Jifi(o)[kihi z(t) — fi(o:)] > 0,i=1,2,...,m, (5.24)
which is equivalent to
e (O HKJf(o(t) — [T (o(t) T f(a(t)) 2 0. (5.25)
Similarly, for any € > 0, from (5.11), we have

—epT (O)p(t) + e(Bra(t) + Bof (o(t)) + Esa(t — h(t)T(Brx(t) + Esf(o(t))
S+ Byt — h(t))) = 0. (5.26)
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Hence, according to (5.14)-(5.15), (5.21), and by adding the zero term (5.23) and
(5.25)-(5.26), we get

V(1)

<

2 202 (1) Pa(t) + 207 (t)P(Ax(t) + Ayz(t — h(t)) + Bf(o(t))
+Dp(t)) + 2" (H)Qu(t) — e M aT (t — h)Qu(t — ha) + Ci(t — n(t))
—e 22 gl (t — hy)Qu(t — hy) + hia" (t)Ra(t) + hai” (t)Ri(t)
—e 2T () Ra(t) + 22" T () Ra(t — hy) + 27 () Qu(2)
e %M gl (t — h))Ra(t — hy) — e 2227 (t — hy) Ra(t — hy)
T(t)Ra(t) + 2e7 222" () Ra(t — hy) + Bf(o(t))
a1 () Fi(t) — e (1 = np)a” (t — n(t)) Fi(t — n(t))
200fT(o(t))ZHx(t) + 2fT (o(t)) ZHT (Az(t) + Ajz(t — h(t))
+Ci(t — n(t)) + Dp(t)) — e "2 (t) Ra(t)
(he = m)?a" (U (t) + 22T () HK T f(o(t)) = 2f" (o(t)) T f(o (1))
—23T(t)La(t) + 227 () LAx(t) + 227 () LA 2(t — h(t))
+23T () LBf (o (t)) + 237 (t) LCx(t — n(t)) + 227 () LDp(t)
—ep” (t)p(t) + e(Bra(t) + Ea f(a(t)) + sz (t — h(t)))"
X (Eyz(t) + By f (o(t)) + Esx(t — h(t))) 4+ 2e 2227 (£) R (t — hy)
—e 22z (t — h(t)) — 2(t = ho)]"Ula(t — h(t)) — x(t — hy)]
—e M2 (g (t — ) — a(t = h(®)] Ul — h) — z(t — b(t))]}
—Bla(t — ha) = a(t — h(t)]"Ulz(t — h1) — 2(t — h(t))]
—(1 = B)[x(t = h(t)) — x(t — ha)|"Ula(t — h(t)) — x(t — ho)]
T (ML) = Bla(t — ) — a(t — h(t))] e
xUlz(t — hr) —a(t — h(t)] — (1 = B[zt — h(t)) — 2(t — ho)]"
xe 227 (t — h(t)) — 2(t — hy)]}
T ()[(1 = B) My + BMJC(1)}, (5.27)

T

72ah2

where M; and M, are defined as in (5.8) and (5.9), respectively, and ((t) =

[ (t)

z(t = h(t)) =t —h) =t —hy) flo(t)) @(t) @(t—n)) pt)]. By

(1—58)M;+ M; < 0 holds if and only if M; < 0 and My < 0. For showing the
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convergence rate, we have V(z(t)) < 0, and then V(z(t)) < V((0)). However,
Vi(2(0)) = e*2"(0)Pz(0) < Aumax(P)]*
Val0) = [ (6)Qu(s) ds < dn@ [ s o

7h1 *hl
1_6—2ah2
— )\max M 2
(@~ IIMi]
0 0
Va@(0) = [ 20T (5)Qu(s) s < Aman(Q) / 20 s M,
7h2 *h2
1_6—204}12
= A @Q——— 10
0 0
Vi(z(0)) = / / 20557 (1) Ri(7) dr ds
h1
= / e*[z7(0)Rz(0) — 2" (s) Rz (s)]ds
0
< hoAu(R) / 2%ds[6]? — hodur(R) / 2% ds | M, |
—h1 hl
o= €—2o¢h2 1L e—ZOéhg
= hody(R) 5k lI> = hadni (R) 50 || My ]2
0 0
Vs(z(0)) = hg/ /620‘5:1'0T(7')Rx'(7')d7'ds,
—ho Js
1 — €—2O¢h2 1 — e—Qahg
< hodar(R)———— 9l = hadas (B)— — M
. N 2as T
Ve(a(0)) = / / (U (r) dr ds,
T €*2ah2 1 — €f2ah2
< hody (U)———|¢]|* — h2)\M(U)THM1H2

Vi(@(0) = /(O) T( Fi(s)ds, < hr(F) [ eds| D
1 — 2o

< )\M(F)THM2H2

Vi(a(t) = 2 fﬁ Aie®e! / " o) doy < 2 i wet [ " k() do

0

IN

22 e\ ko (t <22 2 \ka" (1) HH  2(t)

Va(2(0)) < 2>\M(HZKHT)H¢HQ,

and V(z(t)) > 2™ (t)Px(t) > e***\,,(P)||z(¢)||*>. Then, from Lemma (2.3.18),
we conclude that the equilibrium point is globally exponentially stable. This
completes the proof. ([l
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Next, we consider system (5.1) with the sector bounded condition (5.4),
and if there exists the following

J = diag(j1, j2, -, jm) > 0, it follows that
rifi(oi(t)hiz(t) >0, i=1,2,..,m, (5.28)
which is equivalent to
e"(HJ f(o(t)) > 0. (5.29)

Substituting (5.29) condition into (5.25) and letting a = 0, this contributes to
the following asymptotically stable with the sector bounded condition (5.29):

Corollary 5.1.3 Under Assumption 5.1.1, the system (5.1) satisfying the sec-
tor condition (5.4) is asymptotically stable if there exist symmetric positive def-
wnite matrices P,Q, R, U, F, L; symmetric positive semi-definite matrices Z =
diag(z1, 22 ..oy 2m), and J = diag(ji, jo, ---s Jm); scalars e > 0 and es > 0; matri-

ces Ny; 1 =1,2,3 of appropriate dimension such that the following LMIs hold:

T
My = M=[0 T -1 000000] (5.30)

xe’zahQU[O —I I 00000 O]<0,

T
My = M—=[0 ~1 0100000] (5.31)

><e_2o‘h2U[O 710 -1 0000 o]<0,

-<Z511 ¢12 ¢13 b4 w15 P16 P17 ¢18 ¢19

* Qoo Qa3 Qos Qa5 P Par Pag Dag
* x ¢33 0 0 0 0 0 0

* * k ¢44 O 0 O O 0
M= * * * *  Wss Psg Psr Pss Psg | s

* * * * *  0es Per Pes 0

x ok k% * x o 0 0

x ok k% * *  x ¢Pgg 0
| * * * * * * * (oo i
where
wis =ATHZY + PB4+ HJ, wy=ZH'B+ BTHZ". (5.32)
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Now we consider system (5.1) with AA(t), AA;(t), AB(t) = 0. We obtain the
following Corollary 5.1.4 for exponentially stable with finite sector bounded and

Corollary 5.1.5 for asymptotically stable with infinite sector bounded conditions.

Corollary 5.1.4 Assumption 5.1.1, given o > 0. The system (5.1) without uncer-
tainties satisfying the sector condition (5.3) is exponentially stable if there exist
symmetric positive definite matrices P,Q, R, U, F, L; symmelric positive semi-
definite matrices Z = diag(z1, 22, ..., Zm), and J = diag(j1, j2, ..., jm); matrices

N;; i =1,2,3 of appropriate dimensions such that the following LMIs hold:

T
Mle—[OI—Ioooo} (5.33)

xe’hh?U[O 11000 0]<0,

T
M2=M—[o —101000} (5.34)

xe*MZU[o 710 —T 00 0]<0,

—¢11 ¢12 ¢13 ¢14 ¢15 ¢16 ¢17

(2522 ¢23 ¢24 ¢25 ¢26 ¢27
* * (bgg 0 0 0 0

M=| x x x o4 0 0 0
* * * * (P55 Ose Ost

* * % * * Qe Dot

* * * * * x Oy

*

Corollary 5.1.5 Under Assumption 5.1.1, the system (5.1) without uncertain-
ties satisfying the sector condition (5.4) is asymptotically stable if there exist
symmetric positive definite matrices P,Q, R, U, F, L; symmetric positive semi-
definite matrices Z = diag(z1, 22, ..., 2m), and J = diag(j1, j2, .., jm); matrices

N;; i =1,2,3 of appropriate dimensions such that the following LMIs hold:

T
Mle—[OI—Ioooo} (5.35)

xe’%‘h?U[O 11000 0]<0,

T
My = M—=|0 =1 01000 ] (5.36)

xe’zahQU[O 70 -7 00 o]<0,
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[ P11 P12 P13 Q1 W5 D6 Pir
* oy Qa3 Gos Pas Pas Por
* * ¢33 0 0 0 0

M=1] % *x *x ¢uu 0 0 0

* ok kx Wis Pse Por

* * * * * Qs Qer

* * * * * x Oy

Remark 5.1.6 In most of studies on stability of Lur’e system, the state delay is
assumed to be bounded and differentiable, see [10, 13,55, 65]. However in our
study, the restriction on derivative of the state delay is not required which allows

the state delay to be fast time-varying.

Remark 5.1.7 It is worth pointing out that using the method, we can develop to
more complex dynamical network models, such as neutral-type neural networks
[57,64], or BAM neutral-type neural networks [35,69].

5.2 Numerical examples

In this section, we provide numerical examples to show the effectiveness of
our theoretical results.
Example 5.2.1 Consider the following nominal Lur’e system with time-varying
delays which is studied in [10,55,65] :

#(t) = Ci(t —n(t)) = Az(t) + At — h(t)) + Bf(o(t)),

o(t) = HTax(t)=[h ho)"2(t), V>0, (5.37)
where
-2 0.5 1 04 —0.5 0.2 0.1
A= 5 Al =5 5 B = ) C = s
0 -1 04 —1 —0.75 0.1 0.2
- 0.2 .
0.6

Table 5.1 and Table 5.2 give comparisons of maximum allowable values of hy for
(5.37) by using Corollary 5.1.4 with nonlinear term satisfying (5.3) for k£ = 100
and by using Corollary 5.1.5 with nonlinear term satisfying (5.4), respectively. It
is clear that for h;y = 0 the maximum allowable bounds for h, are given in Table
5.1 and Table 5.2 are much larger than those obtained in [10] and [10, 55, 65]
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Table 5.1: Maximum allowable upper bound hy with h; = 0,k = 100 for (5.37)

obtained in Corollary 5.1.4 with nonlinear term satisfying (5.3).

Nd Method Maximum allowable values hs
0.1 [10] 0.9888 with A(t) < 0.6
0.7228 with A(t) < 0.8
Corollary 5.1.4 | 1.0651 with no restriction on h(t)
0.5 [10] 0.7793 with A (t) < 0.6
0.6282 with A(t) < 0.8
Corollary 5.1.4 | 0.9210 with no restriction on h(t)
0.9 [10] 0.0983 with A (t) < 0.6
0.0967 with h(t) < 0.8
Corollary 5.1.4 | 0.1177 with no restriction on h(t)

respectively. Note that [10,55,65] are required the differentiability of time delay
h(t) but this restriction is not required in our work.
Example 5.2.2 Consider the following uncertain Lur’e system with interval time-

varying delays with the following:

z(t) —Ci(t—n(t)) = (A+AA[R))z(t) + (AL + AA(1)x(t — h(t))

(B + AB(®)f(o(t), (5.39)
where
—2 0 -1 0 —0.2 0.2 0
A= > Al 3 s B = ) C= ;
0 -0.9 -1 -1 —0.3 0 0.2
0.1 0 0.1 0.4
D = El - E3 == y E2 == 5 H = h
0 0.1 0 0.8

From the conditions (5.8)-(5.9) of Theorem 5.1.2, we let @ = 0.4, h; = 0.1, hy =
0.4,my = 0.8,7 = 0.1 and K = 0.5]. By solving LMIs, we obtain the following
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Table 5.2: Maximum allowable upper bound hy with hy = 0 for (5.37) obtained
in Corollary 5.1.5 with nonlinearity satisfying (5.4).

Nd Method Maximum allowable values hs
0.5 [10] 0.7793 with A(t) < 0.6
0.6282 with A(t) < 0.8
[65] 0.7901 with A(t) < 0.6
0.6321 with A(t) < 0.8
Corollary 5.1.5 | 0.9209 with no restriction on h(t)
0.9 [10] 0.0983 with A(t) < 0.6
0.0967 with A(t) < 0.8
[65] 0.0994 with A(t) < 0.6
0.0981 with A(t) < 0
[55] 0.1086 with A(t) < 0
0.1086 with A(t) < 0.8
Corollary 5.1.5 | 0.1181 with no restriction on h(t)
solution
o [ 28.6713 —0.2237 | 25.1176 0.7616
| 02237 24026 |77 | 07616 1.0772
oo [ 23.6798 3.0045 | 70939 —0.3657
| 3.0045 3.1148 —0.3657 0.8018 |’
vy - | 31736 04426 | [ 165554 0
| —1.4601 1.2008 0  16.5554
[ _5.5006 —0.4441
VRO  N2=[ 16410 02843 |,
—0.9892 —14.4101
[ 12.0906 0.2313
R = Z =0.9717, J = 4.7851, e, = 10.2112,
0.2313 2.2354
e; = 18.1870.

Thus, the system (5.1) is 0.4-exponentially stable. Given o > 0, we will give the

values of the maximum allowable upper bounds of the uncertain Lur’e system with

interval time-varying delay (5.38) for difference 7, of the delay and different decay

rates 0.1 < a < 0.4 with the same values of parameters h; = 0.1, = 0.8,7 = 0.1

and K = 0.5]. From Theorem 5.1.2, we obtain the maximum allowable upper

63



Table 5.3: Maximum allowable upper bounds hy of the uncertain Lur’e system
with interval time-varying delay (5.38) for different values of the n; and decay
rates with h; =0.1,7,, =0.8,7=0.1,d = 0.2 and K = 0.51.

Na = 0.2 MNa = 0.4 Nag = 0.6 Nag = 0.8

a=0.1 0.7423 0.7094 0.6541 0.5294
a=0.2 0.6798 0.6513 0.6031 0.4923
a=03 0.6291 0.6037 0.5606 0.4604
a=04 0.5870 0.5637 0.5245 0.4326

bound of the time-varying delay hsy, as shown in Table 5.3.
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