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Abstract: This paper investigates the problem of observer design for a class of nonlinear systems with time-
delay and uncertain nonlinearity. Firstly, using the Mean-value Theorem and combining constructing the
Lyapunov-Krasovskii functional, the convergence conditions of nonlinear observer for a class of nonlinear
systems with time-varying delay and uncertain nonlinearity are established in terms of a linear matrix
inequality. Then the new sufficient conditions are derived to ensure the convergence of the observer for a class
of nonlinear systems with constant time-delay and uncertain nonlinearity. The simulation results are presented

to show the effectiveness of the proposed method.
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1 Introduction

State estimation for nonlinear systems is a long
standing problem that has been addressed with
different looks. In practice, all state variables are
rarely available for direct on-line measurement. In
all circumstances, there is an abundant need for a
reliable estimation of the unmeasurable state
variable. For this special task, a state observer is
usually used. In a general way, there are many
major design methods in both linear and nonlinear
systems. In the case of linear systems, early result
can be found in [1, 2], and many people are still
doing further research. In the case of nonlinear
systems, observer design for Lipschitz systems was
first considered by Thau in [3], and a sufficient
condition to ensure the asymptotic stability of the
observer was obtained. Thau’s condition is a very
useful analysis tool but does not address the
fundamental design problem. Encouraged by Thau’s
result, several authors studied the observer design
problem for Lipschitz systems. The wuse of
Lyapunov function and the Bellman-Gronwall
lemma for this design problem with application in

feedback stabilization were considered by Zak in [4].

An observer design methodology for a class of
nonlinear systems in which the nonlinearity was
assumed to be Lipschitz was presented in [5]. When
the system fails to be put in certain form of
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observability, high-gain observer design reveals as a
powerful method that is often used to reconstruct the
system states under the assumption that the vector
nonlinearity is globally or locally Lipschitz, see [6-
7]. By the coordinate transformation approach, a
new constant gain observer design methodology for
a class of multi-output nonlinear systems was
proposed in [8].

Time-delays are inherent in many engineering
systems, and such time-delays can limit and degrade
the achievable performance of controlled systems,
and even induce instability. Delay terms lead to
infinite  dimensionality in the characteristic
equations, making time-delay systems difficult to
control with classical control methods. Hence
stability analysis and observer design for time-delay
systems has been investigated in recent years [9-22].
In [9], a geometric study of reduced order observer
design for discrete-time nonlinear systems was
given. Using the center manifold theory for maps,
the error convergence for the reduced order
estimator for discrete-time nonlinear systems was
established. In [10], a new approach to the nonlinear
observer design problem in the presence of delayed
output measurements was presented. The proposed
nonlinear observer possesses a state-dependent gain
which was computed from the solution of a system
of first-order singular partial differential equations.
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In [11], an adaptive observer was developed for
single-input single-output nonlinear systems that
can be transformed into a certain observable
canonical form. In [12], a discrete-time observer
design procedure based on linear matrix inequalities
was presented for a class of nonlinear system and
measurement models. A common framework was
provided to design observers according to a variety
of performance criteria. In [15], the problem of
observer design for a class of nonlinear discrete-
time systems with time-delay was considered. A
new approach of nonlinear observer design was
proposed for the class of systems. By using
differential mean value theorem, which allows
transforming a nonlinear error dynamics into a
linear parameter varying system, and based on
Lyapunov stability theory, an approach of observer
design for a class of nonlinear systems with time-
delay was proposed in [17]. The sufficient
conditions, which guarantee the estimation error to
asymptotically converge to zero, were given.

This paper considers the problem of observer
design for a class of nonlinear systems with time-
delay and uncertain nonlinearity. Using a novel
Lyapunov-Krasovskii functional, the convergence
conditions of nonlinear observer for a class of
nonlinear systems with time-varying delay and
uncertain nonlinearity are established, which are
expressed in terms of a linear matrix inequality.
Then the new sufficient conditions are derived to
ensure the convergence of the observer with
constant time-delay and uncertain nonlinearity. And
what is more, the proposed LMI-based results are
computationally efficient as they can be solved
numerically by employing the LMI toolbox in
Matlab. The simulation results are presented to
show the effectiveness of the proposed method.

This paper is organized as follows. In Section 2, a
class of nonlinear systems with time-delay is studied,
and the corresponding observer is introduced. Using
a novel Lyapunov-Krasovskii functional, the
sufficient conditions that guarantees the observer
error converges asymptotically to zero expressed as
matrix inequalities are established. In Section 3, a
numerical example is given to show the
performances of our method. Finally, some
conclusions and remarks are drawn in Section 4.

Though out this paper, we denote by R the set of
real numbers, R™™ denotes the space of nxm real
matrix and | denotes an identity matrix with
appropriate dimension. The notation A>0 (resp.
A<0) means that the matrix A is positive definite

(resp. negative definite). A" is the matrix transpose
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of A. The symbol = denotes the elements below the
main diagonal of a symmetric block matrix.

2 Problem statement and main result
In this section, the analysis of the observer is
given. Under the appropriate assumptions, a
nonlinear observer is developed.
Let us consider the nonlinear system with time-
varying delay
X(t) = Ax(t) + A,x(t —h(t)) + GF, (x(t), u(t))
+G, f,(x(t—h(t)),u(t)),
x(®) =¢(t), te[-h,0]
y(t) =Cx(t),
where xeR" is the state vector, ueR" is the
system input, yeR" is the output, A A, eR™,
G,G, eR™, CeR" are all constant matrices. In
the systems (1), h(t) is the time-delay satisfying
0<h <h(t)<h,,
hlz = hz - hl’
h(t) < u <1,
and ¢(t) e C([-h,0],R") is the initial function. We
assume that (A, C) is observable.
To complete the system description the following
assumption is taken into consideration.
Assumption 1 The nonlinearity  vectors
f.(x(t),u(t)),i=12, are globally Lipschitz with
respect to x(t), uniformly to u(t), and
Vx(t)eTcR" and Vu(t)eKcR™ there exist
constant matrices E, e R™ and N, eR™,i=12,
such that the Jacobian of uncertain nonlinearity

verify
of; (s, u(t)
0s s=x(®)
where M (x(t),u(t)) is unknown matrix satisfying
M T (X(t),u(t))M (x(t),u(t)) < 1.
We introduce the following lemmas which will be

used in setting the proofs of the next statements.
Lemma 1 [23] Given constant symmetric matrices

S,,S,,S;, and S, =S/ <0, S,=S; >0, then
S, +8S,S;'S; <0 if and only if

S S
. 2 |<o.
Sz _Ss

Lemma 2 [24] Let D, E and F be real matrices of
appropriate dimensions with F'F <1, then for

)

=EM (XA, u®)N,, i=12, (2)

any scalar £ >0 we have the following inequality:
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DFE+E'F'D" <&'DD' +¢E'E.
Lemma 3 [25] For any constant symmetric matrix
R>0, scalar h>0, and vector function
X() :[-h,0] > R" such that the following integral is
well defined, then

“h jih X" (s)RX(s)ds < 2" (t) {_RR _RR}z(t),

where z(t)=[x"(®) x"(t-h)] .

Consider the following nonlinear observer
dynamical equation

R(t) = AR(t) + A X(t —h(t)) + Gf (X(t),u(t)) 3)
+G; f, (X(t —h(t)),u(t)) + L(y(t) - CX(t)).

Let X(t)=x(t)—%x(t). The estimation error
dynamic is given by
X(t) = (A—LC)X+ A X(t —h(t)) + GAf, + G, Af,, (4)
where

Af, = f,(x(t),u(t)) — f.(R(), u(t)),

Af, = f,(x(t —h(t)),u(t)) — f,(X(t —h(t)),u(t)).
Theorem 1 Suppose that Assumption 1 is satisfied.

Then the observer error dynamic (4) is
asymptotically stable, if there exist a matrix L,

positive definite matrices Q,,Q,,Q,,R,,R,, PeR™
and positive scalars ¢, >0,i=1,2,3,4, such that the
following linear matrix inequality holds:

Q R:l 0 PAh QlS Ql6 Ql? 0 0

Q, R, 0 0 0 0 0 0
* x Q. 0 0 0 0 0 0
* x o 0, 0, 0 0 0 0
* % x x Y] 0 Q, Q |<0,
* ook ok x x| 0 0
* ok x k% * gl 0 0
* ok ox x % * * gl 0
* * * * * * * * —6'4 I

(5)
where

- =(A-LC)' Y, Q, =PGE,Q,, =PG,E,,

Q,,=-R -R,-Q, Qu=-R,-Q,
=AY, Qg =YGE, Q,=YG,E,,

Q, =-1-u)Q,+&,NJN, +&,NJN,,
Q=0Q,-R +& NN, +&N'N,
Q,=(A-LC)"P+P(A-LC)+Q, +Q, +Q;,
Y=h'R+h3R,
Proof. Consider the following Lyapunov-Krasovskii
functional for the system (4)

V(1) =Vi (1) +V, (1) + V5 (1) +V, (1) + V5 (1) + V5 (0),
where
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V,(t) =" (t)Px(t), P >0,

V.=, T (6)QX(S)ds, Q>0
V.=, X (6)Qx()ds, Q, >0,

V,=h jl [[ £ (9RK(s)dsdv, R>0,

V, (t) =h,, j:h': [ 5 ©R&()dsdv, R,>0,

Vs () = J‘tt—h(t

(6)

))?T (s)Q;X(s)ds, Q,>0.
The time derivative of V,(t) along the trajectory of
the error dynamic (4) is
V, =X ()[(A-LC)" P+ P(A—-LC)IX(t)
+AfTGTPX(t) + X' (t)PGAF, + Af,) G, PX(t)
X' (t)PG,Af, + X" (t)PA X(t —h(t))
X' (t—h(t))Al PX(t).

Using the Mean-value Theorem and combining
Assumption 1, we write that

Af, = f(x(B),u() - f,(R(A),u(t))

()

- [ CORIOLYANE
n=xX(t)-A(x(t)-X(1))
= jo E,M (7(A,1), u(t))N,d AX(t),
and
Af, = f,(x(t = h(t)), u(t)) - f,(X(t - h(t)), u(t))
_ J‘lafz (B,u()
’ o B=x(t-h©)-2(xt-he)-2t-h@))  (9)
x (X(t —h(t)) = R(t — h(t)))d A
- jolEZM (BOLDU@)N,AAR(E - h(D)),
where

17(4,1) = x(t) — A(x(t) — X(1)),
B(A.1) = x(t —h(t)) — A(x(t —h(t)) — Xt —h(1))).
From (8) and (9), we have
V, =X (t)[(A-LC)" P +P(A-LC)IX(t)

£ (1) j:NlT M (7(4,1), u(t))E] GT Pd AX(t)

%' (t) j: PGE,M (57(4,1), u(t))N,d A%(t)

4 (t—h(t))fNTlvlT(ﬂ(z t),u(t))EIG! Pd A
x X(t) + X (t)j PG, E,M (B(4,t),u(t))N,d A

x X(t—h(t)) + X' (t)PA X(t —h(t))

X' (t—h(t)) A PX(t).
(10)
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And we can write
V, = %" (t)jol[(A— LC) P+ P(A-LC)
+NMT (n(A4,1),u(t)E/G"P
+ PGE,M (57(4,1),u())N,]d 2 %(t)
+X (O [PG,E,M (B4, u®)N, +PA]

xdAR(t-h() + X" (t-h(O) [ [AP+

NJMT(B(A,1),u(t))E; G, PldAX(t).
(11)
We have

V, (t) =X ()QX() - X' (t—h)QR(t—h),
vs (t) = )~(T (t)in(t) - XT (t - hz)Qz)z(t - hz),
V, (t) = -1 - h®)X" (t - h(t))Q:X(t - h(t))
+ X7 ()Q,X(t)
<—(1- )K" (t—h(1))Q,X(t —h(t))

+ X7 ()Q,X(1).
(12)
According Lemma 3, we get

V, =X ORXO -, £ GRA()s
<h’X ORXW)+[ X' (1) X' (t-h)]
X|:_R1 Rl }|: X(t) :|
R -RJ[xt-h)]
and

Vo) =h2X QRO -, [ X (S)R,K(s)ds
<h3 X ORX(W) +[ X (t—h) K (t—h,)]
_Rz Rz X(t - m)
'R, R, | %)
So, we get
V<& () [(A-LC)"P+P(A-LC)
+N/ M T (7(4,1),u(t))E/ G'P+PG
x E\M (7(4,1), u(t))N,Jd AR(t)
+ X ()QX() - X (t—h)QX(t—h)
+X (t)in(t) = (t - hz)Qz)z(t - hz)
+hZ KT (DR X(E) + X' ()Q,X(1)
— (1= @)X (t—h(t)Q;X(t - h(t))
T o R R %
+[XT(1) K (- hl)]{ Mx(t hl)}

l

X ORX(W) +[ X (t=h) K (t-h,)]

E-ISSN: 2224-2856

Yali Dong, Wanjun Liu, Shikai Zuo

-R, R, |[%(t—h)
x{ R, _Rj{i(t—hz)}
+% (O [PG,EM (BAD).UWIN, + PA]

xdAX(t - (D) + £ (t-h) [ [ATP+
NIMT (B(A,t),u(t))E} G! PIdAK().

-y (t)j:[(A— LC) P+ P(A-LC)

+N;/ M7 (7(4,1),u(t))E/ G" P+PGE,
xM (77(24,1),u(t))N, +Q, +Q, + Q;Jd A X(t)
- X" (t—h)QX(t—h,)
— &7 (t—h,)Q,%(t —h,)+X" (t)YX(t)
— (- )X (t=h(t))Q,X(t —h(t))

MCERC P Pt

R, || X(t—h)
-R, || X(t-h,)
% (O [PG,EM (B(ZOU@IN, + PA]

xdA%(t —h(t) + X" (t - h(t))j:[Ag P+
NIMT (B(A,1),u(t))ElG! PIdAX(L).

+[ X (t-hy) f(t—hz)]{ o

Y (t)j:[(A— LC) P +P(A—LC)+

N/ M (7(4,t),u(t)E/ G' P+PGE,
x M (17(A4,1),u®))N, +Q, +Q, + Q,]d A X(t)
-X (t-h)QX(t-hy)

=X (t—h,)Q(t—h,) - (1— )K" (t—h(t))
xQX(t—-h(®)+[ X' (t) X (t—h,)]

><|:_R1 Rl }|: X(t) :|
R R J[X(t-h)
+[ X (t-h,) iT(t—hz)]{_RRz _Ré }{:g:;ﬂ

+[(A- LC)X + A X(t —h(t)) + GAf, + G, Af,]"
x Y[(A—LC)X+ A X(t —h(t)) + GAf, + G, Af,]

+X (O, [PG,EM(BO.UMIN, + PA]

xdA%(t —h(t) + & (t = h(t)) j:[/sg p
NI MT (B, U)EIGT PIdAR().
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Ql - R1 R1 0 QlA
2.[1 £ * Q,, R, 0
0 * * -R,-Q, 0
S (R o}

+O" (A,1)YO(A,1)} £dA,
(13)
where

Y= hlzR1+hlZzR2’
Q,,=-R -R,-Q,
g =[X"(t) K" (t-h) X' (t-h,) £ (t-h®)],
Q =(A- LC)' P+P(A- LC)+Q,+Q, +Q,
+NTMT (5(2,0),u(t)ETGTP
+PGEM (n(4,1),u(t))N,,
Q,, =PG,E,M(B(4,1),u®)N, + PA,,
©=[(A-LC)+GEM (1(4,1),u(t)N,,
0, 0, A, +G,E,M(B(4,t),u(t))N,].
We conclude by Lemma 1 that V <0 if
Q-R R 0 Q, QY
* 0, R, 0 0
[l = = a, o o
* * * Q44 QISY

* * * * -YI

dA<0.

where
Q, =(A-LC)+GEM (17(4,t),u(t))N,,
Q,,=-R -R,-Q,
Q;;=-R,-Q,
Q, =-(1-w)Q;,
Q5= A, +GE,M(B(A.1),u(t)N,.
The last integral inequality can be rewritten as

Q,-R R0 PA (A-LC)Y
* Q, R 0 0
* * Q. 0 0
* * * Q44 A‘T‘WFY
* * * * —YI
® 00 ©, 0
*x 00 0 0
+ jl « *x 0 0 0lda
0
* * * * 0
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000 O,
000 0
+:**000d/1<0,
sx 0 0,

* % % % Q

(14)
where
Q, =(A- LC)'P+P(A- LC)+Q, +Q, +Q,,
0, = NlT MT (7(A,1), u(t))ElTGT P
+PGE,M (77(4,1),u(t))N,,
0,,=PG,E,M (17(4,1), u(t))N,,
0, =[GEM (7(4, 1), u(t)N,]" Y,
0,5 =[G,E,M(B(A,1),u®)N, T Y.
Set

PGE, N/ PG, E,
0 0 0
I,=| 0 |, I,=| 0| IL= 0 |
0 0 0
0 0 0
0 0 0
0 0 0
M,=| 0 | I,= 0 | TII,=| O
N, 0 0
0 YGE, YG,E,
We have
®, 00 6, 0
* 00 O
[[|* *o0 o o2
* * * 0 0
* * * * 0

=j:{nll\/|(77(/1,t),u(t))(N1 000 0)
+TL,MT (7(4,1),u(t))
x(E/G'P 0 0 0 0J}d4
+ [ LM (B(2,0).u(0)
x(0 0 0 N, 0)+IT,M"(B(41),u(t)
x(E;GiP 0 0 0 0J}dA
<&'ML,(E/G'P 0 0 0 0
+&IL(N, 0 0 0 0)
+&,'T,(E;GIP 0 0 0 0)
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+£,I1,(0 0 0 N, 0)

X 00 0 0
0 0O 0 0
=0 0 O 0 0|,
0 00 gNJN, O
0 0O 0 0
(15)
where

X =P(&'GEE G +¢,'G,E,E,G] )P+ N/ N,
and

0000 O,
* 00 O
[[|**00 0ga
* * * O @45
* * * * 0
= [ {I,M" (r(2.8),u0)

x(0 0 0 0 EG'Y)

+TIM (7(A,t),u®)(N, 0 0 0 0)
+ILMT (BAD.Uu®)(0 0 0 0 EGY)
+TM(B(A,),u)(0 0 0 N, 0)da
<gll,(N, 0 0 0 0)

+&'T,(0 0 0 0 E/G'Y)

+&I1,(0 0 0 N, 0)

+£'T,(0 0 0 0 E;G]Y)

&N/N, 0 0 0 0
0 00 0 0
= 0 00 0 0|,
0 0 0 gNJN, O
0 00 0 E
(16)
where

E=Y(g,'GEE/G" +¢,'G,E,E;G])Y.
The inequality (14) holds if the following inequality
holds:

Q R 0 PA (A-LO)'Y
* Q, R, 0 0
* s 0 0 <0, (17
* * * Q44 AJY
* % * * -YI +E
where

E-ISSN: 2224-2856

Yali Dong, Wanjun Liu, Shikai Zuo

§_2=QO —-R +P(&'GEEG +¢,'G,E,E,G] )P
+& NN, +&N/N,,

Qu =Qu + (&, + &N N,.

(17) is equivalent to (5) by Lemma 1. From (5) we

get V <0. This means that the system (4) is
asymptotically stable. This ends of our proof.

Corollary 1. Suppose that Assumption 1 is
satisfied. Consider system (1) with h, =0, then the

observer error dynamic (4) is asymptotically stable,
if there exist a matrix L, positive definite matrices

Q,Q,,R, PeR™, and positive scalars
g >0,i=12,3,4 such that the following linear
matrix inequality holds:

HJJ. Rl PAh 1_114 H15 H16 0 0
* I, O 0 0 0 0 0
* * I, II,, 0 0 0 0
* * * H44 O 0 1_147 H48 < 0
* * * * gl 0 0 0 '
* * * * * _82 I 0 O
* * * * * * _‘93| O
* * * * * * * _84|
(18)
where
l_111=Q_R1! H14=(A_LC)Th22R1’
;= PGEl’ I1,, Z_Rl_Ql’
I, =PG,E,,

MM, =-1-1)Q, +&N; N, +g,N; N,

1_134 = A?ThzzRiv H44 :_h22R1| )

I, = hz2 R1GE1’ I, = hz2 RlGh Ez’

Q=(A-LC)"P+P(A-LC)+Q,+Q,

+5 NN, +&N/N,.
Proof. Let us choose the Lyapunov-Krasovskii
functional candidate
\ (t) =V1 (t) +Vz (t) +V3 (t) +V4 (t)1

where

V,(t)=X" (t)PX(t), P>0

VO =[, X' (QX(E)ds, Q >0,
V,(t) =h, j°h [\ 5 (s)R&(s)dsdv, R, >0,

Vo= [, X (9QX(E)ds, Q,>0.

Using the similar method shown in the proof of
Theorem 1, the inequality (18) can be obtained and
the detailed proof is omitted.

Consider the nonlinear system with time-delay
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X(t) = Ax(t) + A x(t —h) + Gf (x(t),u(t))
+G, f, (x(t—h),u(t)),

x(t) =¢(t), te[-h,0],

y(t) =Cx(t),
where xeR" is the state vector, ueR" is the
system input, yeR" is the output, G,G, e R™",
CeRM" are all constant matrices.
#(t) eC([-h,0],R") is the initial function. We
assume that (A, C) is observable.

(19)

Consider the following nonlinear observer
dynamical equation
R(t) = AX(t) + A X(t—h) +Gf (X(t),u(t)) (20)

+G, f,(X(t —h),u(t)) + L(y(t) — CX(t)).
Let X(t) = x(t) — X(t). The estimation error dynamic
is given by
(1) = (A— LC)X + A X(t —h) + GAf, + G Af,,
where

Af, = f,(x(t), u(t)) — f.(X(t), u(t),

Af, = f,(x(t—h),u(t)) — f,(X(t —h),u(t)).
Theorem 2. Suppose that Assumption 1 is satisfied.

Then the observer error dynamics (21) is
asymptotically stable, if there exist a matrix L,

positive definite matrices P,Q,R eR™, and
positive scalars ¢ >0,i=1,2,3,4 such that the
following linear matrix inequality holds:

(21)

Q Tl2 Tl3 Tl4 TlS O 0

* T, Ty, 0 0 0 0

* * _hW’R 0 0 T, T,

* o * - | 0 0 0 |<0,

*o* * * =5l 0 0

** * * * =gl 0

* * * * * * _€4|

(22)

where
T, =R +PA, Tlszhz(A_LC)TRiv
T,=PGE,, T,.=PG,E,,

T,,=—R —-Q, +&NJN, +&N,N,,
Ty = thJ R, T = thlGEl’ Ty, = hZRlGhEzv
Q=(A-LC)"P+P(A-LC)+Q —-R

+& NN, + &N/ N,.
Proof.  Consider the

functional candidate
V(1) =V, (1) +V, (1) +V, (1),

Lyapunov-Krasovskii
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where
V,(t) =X (t)PX(t), P >0,

VO =[" T (5)Qx(s)ds, Q >0,

0 pt -p o
V,(t)=h j_h va (s)RX(s)dsdv, R, >0.

Using the similar method shown in the proof of
Theorem 1, the inequality (22) can be obtained and
the detailed proof is omitted.

3 Numerical example
Consider the nonlinear system (19) with

A (0 1 (01 0 _
_[—1 —40} A“_(o O.J’ =t 0)
(1 Oj (1 oj (2 Oj
E,= , N, = , E,= ,
01 01 02
(2 0] [1 oj
N, = , G= ,

0 2 01
G, :(0'5 0 j h=0.5.

0 05

L=(30 1),
& =& =6=¢,=L
Solving the inequality (22), we get the following
positive definite matrices:

Choose

0.2722  —0.0031
B (—0.0031 0.1968 j
8.4987 —0.0495
Q= (—0.0495 8.1398 j
0.0138  -0.0005
k= (—0.0005 0.008 ]

According to Theorem 2, the observer error
dynamics (21) is asymptotically stable.
The observer dynamical equation is given by

(t) = AX(t) + A X(t —h) + Gf,(X(t),u(t))
+ G, f,(X(t—h),u(t)) + L(y(t) - CX(t)).

When
sin
f =[ ! y“]
sinx,

. 4sin(x, —h)
2| 4sin(x, —h) )’
simulation results are shown in Fig. 1 and 2. It is

seen from Fig.1 and 2 that the observer error
dynamic is asymptotically stable.

and
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X

the estimate of x,; Il

r r r r r r r r r
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time in (sec)

Fig. 1 The state x, and its estimate

)

the estimate of x,,

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time in (sec)

Fig.2 The state x,and its estimate

4. Conclusion

The main purpose of this paper is to offer a
systematic algorithm for designing an observer for a
class of nonlinear systems with unknown
nonlinearity vector and time-varying delay. Firstly,
the sufficient conditions are established in terms of a
matrix inequality, which guarantee the nonlinear
observer for a class of nonlinear systems with time-
varying delay is an asymptotically stable observer.
Then, the new sufficient conditions are presented,
which ensure the convergence of the observer for a
class of uncertain nonlinear systems with constant
delay. Finally, an illustrative example is given to
demonstrate the utilization of the results.
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