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The problem of robust exponential stabilization for dynamical nonlinear systems with uncertain-
ties and time-varying delay is considered in the paper. By constructing the proposed Lyapunov-
Krasovskii functional approach, continuous state feedback controllers are put forward, and the
criteria which guarantee the exponential stabilization of the nonlinear systems with uncertainties
and time-varying delay are established in terms of solutions to the standard Riccati differential
equations. Furthermore, based on the Lyapunov method and the linear matrix inequality
approach, the sufficient conditions of exponential stability for a class of uncertain systems with
time-varying delays and nonlinear perturbations are derived. Finally, two numerical examples are
given to demonstrate the validity of the results.

1. Introduction

The stability problem and stabilization problem of time-delay systems are important prob-
lems not yet completely solved and continuously investigated by many people. For control
systems with delayed state, existing stability criteria can be classified into two categories,
that is, delay-independent ones and delay-dependent ones, and delay-independent ones
are usually more conservative than the delay-dependent ones. On the other hand, it is
unavoidable to include uncertain parameters and perturbations in practical control systems
due to modeling errors, measurement errors, approximations, and so on. Therefore, the
robust stabilization problem of uncertain dynamical systems with time-varying delays has
attracted considerable attention of many researchers in recent years, and most of these
papers have always adopted linear matrix equalities to guarantee the exponential stability
of dynamical systems by employing Leibniz-Newton formula or different transformations.
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For instance, by employing a descriptor model transformation and a decomposition tech-
nique of the delay term matrix, the robust stability of uncertain linear systems with a single
time-varying delay and nonlinear perturbations is investigated in [1]. Without introducing
any free weighting matrices, in [2], new delay-dependent stability criteria for time-delay
systems have been derived by introducing a new type of Lyapunov functional which contains
some triple-integral terms and fully uses the information on the lower bound of the delay.
In [3], the exponential stability of linear distributed parameter systems with time-varying
delays is studied through Linear Operator Inequalities which are reduced to standard
Linear Matrix Inequalities. Based on the Lyapunov-Krasovskii functional approach, in [4],
a stability criterion of uncertain linear systems with interval time-varying delay is derived
by introducing some relaxation matrices that can be used to reduce the conservatism of the
criteria. In terms of linear matrix inequality, [5] proposes a new delay-dependent stability
criterion for dynamic systems with time-varying delays and nonlinear perturbations. In [6],
a class of linear systems with unknown norm-bounded uncertainties and time-varying delays
is investigated with Leibniz-Newton formula and linear matrix inequalities, which allow
computing simultaneously the two bounds that characterize the exponential stability rate
of the solution. In [7], the system is transformed into another one by the transformation of
z(t) = e™x(t), and then delay-dependent stability criteria have been derived in terms of
a matrix inequality (LMI) which can be easily solved using efficient convex optimization
algorithms. In [8], by constructing a suitable augmented Lyapunov’s functional and utilizing
free weight matrices, the criterion for stabilization of uncertain dynamic systems with time-
varying delays is established in terms of linear matrix inequalities. Using the method of
the matrix equality, [9] has presented some improved stability criteria to guarantee that the
uncertain systems with two successive delay components are robustly, asymptotically stable.
In [10, 11], the stabilization of uncertain dynamic systems is considered. In [12], the stability
analysis problem of linear neutral delay differential systems with multiple time delays is
investigated. Using the Lyapunov method, some sufficient conditions are presented for the
asymptotic stability of systems. In [13], the problem of robust stabilization of a class of
nonlinear dynamical systems with delayed perturbations is considered. Based on the stability
of the nominal systems, a new stabilizing control law for exponential stability of the system
is designed using Lyapunov stability theory.

Being different from them, this paper chooses the Riccati differential equation to solve
the stabilization of uncertain time-delay systems. The sufficient conditions which guarantee
that the uncertain systems with time-varying delay and nonlinear perturbations are expo-
nentially stabilizable are presented by employing Lyapunov-Krasovskii functional, and the
controllers are constructed.

The rest of this paper is organized as follows. Section 2 presents notations, assump-
tions, and lemmas which can be used in the proof of theorems. In Section 3, the main results
on the robust exponential stabilization for the uncertain systems with time-varying delay and
nonlinear perturbations are given. Two numerical examples are provided to illustrate the use
of our results in Section 4. Finally, the conclusion follows in Section 5.

2. Preliminaries

For convenience, we now introduce the following notations that will be employed throughout
the paper. The notation R" is used to denote the n-dimensional space. R* denotes the set of all
real nonnegative numbers. R denotes the space of all (nxr) matrices. (x,y) or x” y denotes
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the scalar product of two vectors x and y. ||x|| denotes the Euclidean vector norm of x. A(A)
denotes the set of all eigenvalues of A. Amax(A) is defined by Ayax(A) = max{Re A : X € L(A)}.
Amin(A) is defined by Amin(A) = min{Re\ : A € A(A)}. For h > 0, C([-h,0], R") denotes the
set of all R"-valued continuous functions mapping [-h, 0] into R". A matrix A is semipositive
definite (A > 0) if (Ax, x) >0, for all x € R". A is positive definite (A > 0) if (Ax, x) > 0 for
all x#0. A > Bmeans A — B > 0. Also, x; is defined by x; = {x(t + 5),5 € [-h,0]}, and ||x¢| is
defined by |[|lx;[| = supyc(_, o) lx (£ + 5)|.

Now, let us consider a class of uncertain systems with time-varying delay and
nonlinear perturbations of the form

x(t) = [A(t) + AA(v, H)]x(t) + [Ar(E) + AAL(§, £)]x(t - h(t))
+ [B(t) + AB(g, )]u(t) + f (£, x(t), x(t - h(t)), u(t)), (2.1)
x(t) =¢(t), te[-h0], h>0,
where x(t) € R" is the state, u(t) € R™ is the control function, A(t), A1(t), B(t) are continuous
matrixes of appropriate dimensions on R*, and AA(v,t), AA1(¢,t), AB(g,t) represent the
system uncertainties and are assumed to be continuous in all their arguments. Moreover,
(v,¢,6) € ¢ is the uncertain vector, and ¢ C Rl is a compact set. In addition, perturbation

f(t,x(t), x(t —h(t)),u(t)) : R x R" x R* x R" — R" is a given nonlinear function satisfying
f(t,0,0,0) =0 forallt > 0, and there exist scalars a, b, d > 0 such that

| f (£ x(#), x(t = h(t), u(®)|| < allx(@®)]| + bllx(t = k()] + dllu®)], (2.2)

for all (t, x(t), x(t — h(t)),u(t)) € R* x R* x R" x R™. The initial function ¢(t) € C([-h,0], R"),
h >0, has its norm ||| = sup [, oI (s)||. The delay h(t) is a continuous function satisfying

(H1) 0< h(t) < h, h(t) <6 <1, forall t > 0.

The purpose of this paper is to design a state feedback controller u(t) = K(t)x(t) such
that the closed-loop system of (2.1)

x(t) = [A(t) + AA(v, t) + BOK(E) + AB(g, K (£)]x(t)
+ [A1(t) + AAL (& )]x(t - h(t) + F(t, x(t), x(E = h(t)), u(t)), (2.3)
x(t) = (), te[-h0], h>0,

is robustly a-exponentially stable, that is, every solution x(t, ¢) of the system satisfies
AN >0, a>0, ||x(t, P) || < N||(])||e""t, vVt € R*, (2.4)

for all the uncertainties AA(v,t), AA1(¢,t), AB(g, t).
Before proposing our theorems, we introduce for (2.1) the following standard assump-
tions and lemmas that will be needed for deriving the main results.
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Assumption 1. For all (x,t) € R" x R there exist continuous matrix functions H (v, t), H1(¢, t),
E(g, t) of appropriate dimensions such that

AA(v,t) = B()H(v,t),  AAi(S ) = B(OHH1(S,t),  AB(gt) = B(HE(g,1).  (2.5)

Remark 2.1. Assumption 1 defines the matching condition about the uncertainties and is a
rather standard assumption for robust control problem (see, e.g., [10, 14-16]).

Lemma 2.2 (see [15]). For any real vectors a, b and any matrix Q > 0 with appropriate dimensions,
it follows that

2a"b < a"Qa+b"Q7'b. (2.6)

Lemma 2.3 (see [11]). Given constant symmetric matrices S1, So, S3, and Sy = SlT <0,5; = Sg >
0, then S1 + 5,55 S} < 0 if and only if

[Sl Sz] <0. 2.7)
3

3. Main Results

In this section, we will present our main results on the robust exponential stabilization of
system (2.1).
Given positive numbers a, 3, ¢;,i = 1,2,3,4, we set

w=(e1+e3+e4+6h),  Al) = A®) +al,

Pp(t) =P(t) +pI,  po(t) = max||H (v, 1),
pe(t) =max|[Hi(&, O, p(t) = min [%Amm (E(g, B +E'(g, t))] ;ooP= f;?gllP(t)ll,

1 N 4p3(1)
4(1+p(t))® @e(1-0)

2b?
e —T 2L
<£4 “ g1e72ah(1 - §)

4

R(®) = Cgre2ah(1 - §)

Ai(h AT (#) - [ +e5'p5(t) - 1]B<t>BT<t>

3.1)

We need the following assumption.

Assumption 2. For any t > 0, u(t) > -1.
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Theorem 3.1. Suppose that condition (H1) and Assumptions 1-2 hold. If there exist positive numbers
a, B, €, 1 = 1,2,3,4, and a symmetric positive semidefinite matrix function P(t) satisfying the

following Riccati differential equation:
P(t) + ZT(t)Pﬂ(t) + Ps(t)A(t) — Py(t)R(t)Ps(t) + wl =0,
then system (2.1) is robustly a-exponentially stabilizable with feedback control

u(t) = -3 BT (t) Ps(t)x(t).

(1+pu(t))

Moreover, the solution x(t, $) satisfies the condition

(6, 9)]) < \/’”ﬂ el e 5llet, 130,

Proof. Let u(t) = K(t)x(t), where

K(t) = -3 BT (t)Ps(t), t>0.

v
(1+u())

(3.2)

(3.3)

(3.4)

(3.5)

For the closed-loop system (2.3) of system (2.1), we consider the following Lyapunov-Kra-

sovskii functional:

Vt,x)) =Vi+Vp+ V3,

where

Vi = (P(H)x(t), x(£)) + p(x(t), x(t)),

t
Vs =g f 26N || x(s)|°ds,
t—h(t)

0 t
Vs=g f f e2 7Y ||x(s)||*ds d.
—h J t+T—h(t+T)

The time derivative of V along the trajectory of (2.3) is given by

V(t,x)) = Vi+Va+ V3,

(3.6)

(3.7)

(3.8)
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where
Vi = (P(5)x(t), x (1)) + 2(Pp(H)x (1), (1))
- <<P(t) + AT()Py(t) + Pﬂ(t)A(t)>x(t),x(t)> +2(Py()B(H) H (v, H)x(t), x(t))
+ 2(Ps(t) Ar (£)x(t = h(t)), x(t)) + 2(Ps(t) B(t) H1 (&, t) x(t — h(t)), x(£))
+2(Py())BK (Dx(2), x(1)) +2(Py(t) B E(g, K (1)x(£), x(£))
+2(Ps(t) f(t, x(1), x(t = h(D)), u(t)), x(t)),
Vo = =2aV; + &1 || x(B)||* - e1e7 2O ||x(t - h(t))||* (1 - ha(t)) (3.9)

< =2aVs + e|lx(t)||* — ere™™||x(t - h(1))|*(1 - 6),

0
Vs = —2aVs + & f [||x(t)||2 — e 2T e (t+ 7 — h(t+7))|* (1 - h(t + T))]dT
—-h

0
< =2aVs + &h||x(®)|* - & f e 20T hED) e (b + 7 — h(t + 7)) |*(1 - 6)dT

< -2aV; + ehl|x(t)|.
Applying Lemma 2.2 gives

2(Ps(H) Ar(t)x(t - h(t)), x(t))

4
< -
T g (1-06)e 2

2(Ps(t)B(t)H1 (¢, t)x(t — h(t)), x(t))
51(1 6)e‘z“h

e1(1- 6)6 ~2ah

(Po(HA1(DA] () Ps(Hx(8), () ) + (x(t=h(t), x(t - h(t))),

(x(t = h(t)), x(t = h(t)))

4
= < Py(H)B(t) H1(¢, t) H (¢, 1) BT(t)Pﬂ(t)x(t)/x(t)>
5 —2ah 4P2(t)
M< x(t—h(t)), x(t— h(t))) + m<Pﬁ(t)B(t)BT(t)Pﬂ(t)x(t),x(t)>,

2(Ps(t)B(t)H (v, t)x(t), x(t))

< es(x(t), x(t)) + &5 <Pp(t)B(t)H(v tyH" (v, £) BT (£) P (1) x (t), x(t)>

< ea(x(t), x(0) + &' p (O (P () BOBT () Pp(1)x (), x(1) ).
(3.10)
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Using (2.2) and (3.3), we get

2(Py(t) f(t, x(t), x(t - h(t)), u(t)), x(t))
<2||F(t x(t), x(t = h(t)), u®) ||| Ps(t)x(t) |
< 2allx(t)|||| Ps(t)x (1) || + 2bllx(t = RN ||| Ps(6)x(E) || + 2d () |I]| Po (D) x(t) |

<&l @ || Ptx ()| + eallx ()] + - 1P () (t)]

b2
—2ah (1 _
28 0 e - )P + | Py + o)

212 .
- <g4—1az e d2> <Pﬂ(t)x(t),x(t)> +ex{x(t), x(t))

iy (ROBOBTORO0.x0) e 00 e
(3.11)
In addition, it is easy to obtain the following:
2(Ps(t)B(t)K (£)x(t), x(t)) + 2(Ps(t) B(t)E(g, ) K (£)x(t), x(t))
= -7 +1ﬂ a xT (t)Ps(t)B(t) [I + %(E(g, 1+ ET(g, t)>] B () Py(t)x(t)
(3.12)

1
<- T‘u(t) Amin

- —<Pﬂ(t)B(t)BT(t)Pﬁ(t)x(t),x(t) >

I+ %(E(G, B +E" (g, t)>] |B" ®Bse)x() ”2

The last equality is got because of p(t) = ming[(1/2)Amin (E(g, t) + ET (g, £))].
Therefore, we get

V(t, x;) +2aV (t, x;)
< < {P(t) + ZT(t)Pﬂ(t) + Py(t)A(t) + Py(t) A1 (t) AT () Ps(t)

+< 1 . 4p3(t)
4(1+p()” el -de

o4
£1(1 — 5)e2ah

+&5'p2() - 1> Py(t)B() B (£) Py(1)

2
+<5;1a2 + m + d2> P;(t) +(e1+6&3+64+ szh)I}x(t),x(t)>.

(3.13)
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Then introducing (3.2) into (3.13) we can get

V(t,xt) +2aV(t,x;) <0, Vt>0. (3.14)
It is obvious that
eV (t, x;) + 2ae*V (t, x;) < 0. (3.15)
Integrating both sides of (3.15) from 0 to £, we get
V(t,x1) <V(0,x0)e>, Vt>0. (3.16)
On the other hand, from the expression of V (¢, x¢), it is easy to see that

Bllx@®)|? < V(t,x), V0. (3.17)

In addition, since

2
7

0 0
Vi(0,x0) < (p + B)||6I”, V2(0, xo) = 51f €% ||x(s)|[*ds < €1f [§]|°ds < e1n]|§
—~h(0) h

0 (0 0 (0
V5(0, xo) = ng f e ||x(s)||*ds dr < Ezf J. || ¢||*ds dr < 1gzhznd) 2
~hJ7-h(r) -nJr-n -
(3.18)
we get V(0,x0) < (p+p+her + (1/2)h252)||¢||2.
Hence we have
+ B+ hey + (1/2)KH%e _u
(e, )] S\/P e R (319)
So the closed-loop system (2.3) is exponentially stable. This completes the proof. O

Remark 3.2. Note that from the proof of Theorem 3.1, condition (3.2) can be relaxed via the
following matrix inequality:

P@) + ZT(t)Pﬁ(t) + Ps(t)A(t) — Ps(t)R(t) Py(t) + wI < 0. (3.20)

In addition, we consider a class of uncertain systems with time-varying delays and
simple nonlinear perturbations as follows:

x(t) = [A+ AA(v, D)]x(t) + [A1 + AAL (S, 1) x(t - k()
+ (B + AB(g, )u + f(t, x(t), x(t = h(t))), (3.21)
x(t) = ¢(t)/ te [—h,O], h 2 0/
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where A, A;, B are constant matrices of appropriate dimensions and AA(v,t), AA1(¢,t),
AB(g, t) are unknown time-varying uncertain matrices, and there exist scalars a, b, d, 1,1, 13 >

0 such that

1 £t x(t), x(t = k()] < allx®)]| +bllx(t = R, V(t,x(t) € R* x R,

(3.22)
AA(,t)AAT (v, t) ST, AAi(¢H)AAT(E ) < LI, ||AB| <15
Given positive numbers a, §, ¢;,i = 1,2, 3,4, we set
:ﬁ:A+aI, E;:P+ﬁl, W =g +E3+ €4+ 6k,
R= —éAlAT + BBT
e1e~20h(1 - 6) ! (3.23)
_ _ 41, 22
1 1.2 T
- I+ + + +13||B I
(seaies o ool )

We have the following theorem.

Theorem 3.3. Suppose that condition (H1) holds. If there exist positive numbers a, B, €;,i =1,2,3,4,
and a symmetric positive define matrix X such that the following LMIs hold:

~T ~ _
XA +AX-R X <0, (3.24)
X —w I
-X X
<0, (3.25)
X —ﬂ’lI

then system (3.21) is robustly exponentially stabilizable with feedback control
Loy
u(t) = _EB X7 x(t). (3.26)

Moreover, the solution x(t, ¢) satisfies the condition

x(t, @) < \/ Inax(P) P+ ';fl A2 e s, (3.27)

where P = X7 — I and Apax(P) represents the maximum eigenvalue of P.

Proof. From (3.25), we get that P is a symmetric positive define matrix.
For system (3.21), select a Lyapunov-Krasovskii functional as

V(t, xt) =Vi+Vr+Vj, (328)
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where

Vi = (Px(t), x(t)) + p{x(t), x(£)),

t
V, = Elf 26N |1 x(s)|°ds,
t=h(t) | | (3.29)

0 t
Vi=g f f e2 57D x(s)||*ds dr.
—h J t+T—h(t+T)

The time derivative of V along trajectory of (3.21) is given by
V(t, xt) = V1 + Vz + V3, (330)

where

Vi = 2<ﬁﬂx(t),x(t)>
= <(ATE; + ﬁpA>x(t),x(t)> + 2<ﬁﬂAA(u, t)x(t),x(t)> + z@;Alx(t - h(t)),x(t)>
+ 2<E;AA1 (& D)x(t - h(t)), x(t)> + 2<ﬁﬂf(t,x(t), x(t - h(t))),x(t)>
+ 2<ﬁﬂ31<x(t), x(t)> + 2<ﬁpABKx(t), x(t) >
Vo = =2aVs + &1 [|x (D) - e1e”> O |lx(t - k(1) (1 - h(t))

< =2aVs + e|x(t)|* - ere ™ |x(t - h(1))|*(1 - 6),

0
Vs = —2aVs + & f [llx(t)||2 — e 22 ThED (b + 7 — h(t+ 7)) P (1 - h(t+ T))]dT
-h

0
< =2aVs + exh||x(t)|)? - & f e 24Th D) e (t + 7 — h(t +7))||*(1 - 6)dT
~h

< —2aVs + ehl|lx(®)|?,

Ps=P+pL
(3.31)
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Applying Lemma 2.2 and inequality (3.22) gives

2<E,AA(U, t)x(t),x(t)>

<e' <E;AA(U, HAAT (v, t)ﬁpx(t),x(t)> +e3(x(t), x(t))
<&'L <ﬁ§x(t),x(t)> T es(x(t), x(1)),

2<ﬁﬂA1x(t - h(t)),x(t)>

4

S 5o PrAATPpx(t), x(0))

N M”(t — h(t)), x(t - h(t))),

2(PpAaAi (@ )x(t - h(H),x(t))

4 D J—
= W<P pAAI(E DAAT @ HPx(), x(E) )

. M@C(t — h(t)), x(t - h(t)))

41,
<
T g (1-06)e 2

2(Ppf (t,x(B), x(t = h(1)), x(1) )

— _ —2ah
(P, x(t)) + 2EZDEZ (a2~ (1),

< 2| f(t,x(t), x(t - k) ||| Potyx(t)|
< 2allx (0| Ppx(t) || + 2611t = (eI | Ppxt)|

< [P + ezl + 2 [P + 00 - ey P

- <s4‘1a2 : ﬁ%) (Pt ) )+ extxtt x0) + L= e i
(3.32)

Noticing

2<ﬁﬁBKx(t),x(t)> = —<ﬁﬂBBTﬁﬂx(t),x(t)>,
(3.33)
2(ByABKx(t), x(t) ) = (PpABB Pyx(t), x(t)) < b | B ||ﬁﬁx(t)||2,
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we get
V(t, x) +2aV (t, x;)

~T__ — ~ 4 _
T T
S<{A Pﬂ+PﬂA+Pﬂ<WA1A1—BB >Pﬂ+(£1+53+54+52h)1

_ _ 412 2b2 -2
1 1.2 T
+<53 Li+e, a" + (1= 6)e 2 + (1= 6)e 2 + 13||B ||>Pﬂ}x(t),x(t)>.

(3.34)
Hence we obtain
V(t, x;) +2aV (t, x;) < xT (1) <A Pg+ PgA - PsRPs + wI)x(t). (3.35)
Noticing ﬁﬁ = X!, and from (3.24) and using Lemma 2.3, we obtain
-7 ~— = ==
Pg A + APy —-R+wP; Py <0. (3.36)

By pre-multiplying and post-multiplying the right-hand side of (3.36) with ﬁﬂ it follows that

~T_

A Dy +PyA-DPyRPy+wl <0. (3.37)
So we have
V(t x) +2aV(t,x;) <0, Vt>0. (3.38)
It is obvious that
eV (t, x;) + 2ae*™V (t, x;) < 0. (3.39)

Integrating both sides of (3.15) from 0 to t, we get
V(t,x1) <V(0,x0)e >, Vt>0. (3.40)

On the other hand, from the expression of V (¢, x¢), it is easy to see that

Bllx(B)* <V (t,x), VE0. (3.41)
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In addition, since

Vi(0,x0) < (hmax(P) + B)[IB1°, V200, x0) <erh|lp]®,  Va(0,x0) < %Ezhzllqb g
(3.42)
we get V(0,x0) < (Amax(P) + B + her + (1/2)h%&2) |11
Hence we have
2
|x(t, )| < \/AmaX(P) PP Z‘gl + (/2 e llle, t>o. (3.43)

So the system (3.21) is robustly exponentially stabilizable. This completes the proof of
Theorem 3.3. O

4. INlustrative Examples

In this section, we will give numerical examples to demonstrate the effective of the proposed
methods.

Example 4.1. Consider system (2.1) with h(t) = cos?0.25¢ and

E cos txi(t) + Z sintxy (t — h(t))

ft,x(t), x(t = h(t)),ut)) = 2 ) X ,
5 sintxy (t) + 708 tu(t)
4-sint 17
(—66—4)cost—$_126__ (de —2)cost — 8o — 4
A(t) = 2cost +4 2 st )
—sin
~4e—2)cost - 8e — 4 o) eogp . Amsint 17
e Beontnte (=6 —4) cos 2cost+4 ¢ 2

1/e% 0 1
Ai(t) = §< 0 eo‘5>, B(t) = <1>,

u(t) 0 0 24(t) g(t)
A14(1-)/t) - <U(t) O>/ AAl(glt) - <O 2§(t)>’ AB(G/t) - <g(t)>,

where v(t) = 171, {(t) = 12, 6(t) = 113 with [171] £ 2, |172| £ 0.5, |13 < 0.5. It is easy to obtain that

(4.1)

| f (£, x(#), x(t = h(B), u@®) || < lx(®l + lx(t = RO + u(®)], (4.2)

thatis,a=b=d =1 Wecangeth =1,6 = 0.5. py(t) = 2, ps(t) = 1, u(t) = 0.5, w = 4. For
the positive numbers 1 =&, = e3 =4 =1, p = 1, a = 0.5, we can verify that all the conditions
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of Theorem 3.1 are satisfied, and the solution of the Riccati differential equation (3.2) is given

by
cost+1 0
P(t) = < > (4.3)

0 cost+1
Therefore, the system is robustly a-exponentially stabilizable with feedback control
u(t) = —(cost + 1)xy(t) — (cost + 1)xy(t). (4.4)
Noting p = sup,_r.||P(t)|| = 2, the solution of the system satisfies

|x(t, ¢)|| <2.1213||p||e*, teR". (4.5)

Remark 4.2. The systems in the examples that are dealt by [17] do not contain uncertainty
in the linear part on state and control, and those systems are robustly stabilizable. But, our
Example 4.1 contains uncertainty in the linear part on state and control, and the system in
Example 4.1 is robustly a-exponentially stabilizable. Using the similar approach in [17], our
results can be extended to the systems with multiple delays.

Example 4.3. Consider system (3.21) with h(t) = 0.5 and

-255 0 1/e% 0 1
A = 7 Al =3 7 B = 7
1 -255 2\ 0 e 1 (4.6)

L =1, L=1, I3 =2, a=1, b=1.

Takingei1 =ex=e3=€4 =1, =1, a = 0.5 we can get

~ -25 0
h=1, 6=0.5, A=A+al = , w=4,
1 -25
4.7)
— 11
R=-21+BBl - (1+1+8e+4e+2)I =—(6+12e) + 11)

We can verify that all the conditions of Theorem 3.3 and LMI (3.24) and (3.25) are sat-

isfied with
0.11111 0
P= . (4.8)
0 0.11111

By Theorem 3.3, the system is exponentially stabilizable with feedback control

u(t) = —0.555556x1 (t) — 0.555556x5(t), (4.9)
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Figure 1: The state x; and x, of the closed-loop system in Example 4.3.

and the solution of the system satisfies

lx(t, @) || < 1.61589]||¢]|le™™, ¢t>0. (4.10)
For
bt () - % cos txl(tl) + Z sin tx; (t - 0.5) ,
3 sintx(f) (4.11)

0.5
AA(v,t) =051,  AA;(t) =0.51, AB(g, t) = <0 5>,

and the initial condition

$(t) = [-05 05]", ¥-05<t<0, (4.12)

the simulation result is shown in Figure 1. It is seen from Figure 1 that the closed-loop system
is exponentially stable.

5. Conclusions

The problem of robust stabilization for a class of dynamical nonlinear systems with uncertain-
ties and time-varying delays has been considered. On condition that the derivative of time-
varying delays has restriction, a novel stability criterion which can guarantee the exponential
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stabilization of the uncertain systems with time-varying delay and nonlinear perturbations
has been established by using the Riccati differential equation. The continuous state feedback
controller has been proposed. Furthermore, based on the Lyapunov method, a linear matrix
inequality approach to robust exponentially stabilization for a class of uncertain systems
with time-varying delays and nonlinear perturbations via linear memoryless state feedback
has been proposed. Finally, two illustrative examples have been given to demonstrate the
utilization of the results.
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