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OBSERVER BASED CONTROL FOR STRONG
PRACTICAL STABILIZATION OF A CLASS
OF UNCERTAIN TIME DELAY SYSTEMS

NADHEM EcHI AND AMEL BENABDALLAH

In this paper, we address the strong practical stabilization problem for a class of uncertain
time delay systems with a nominal part written in triangular form. We propose, firstly, a strong
practical observer. Then, we show that strong practical stability of the closed loop system with
a linear, parameter dependent, state feedback is achieved. Finally, a separation principle is
established, that is, we implement the control law with estimate states given by the strong
practical observer and we prove that the closed loop system is strong practical stable. With
the help of a numerical example, effectiveness of the proposed approach is demonstrated.

Keywords: observer, exponential stability, strong practical stability, time delay,
Lyapunov—Krasovskii

Classification: 93C10, 93D15

1. INTRODUCTION

The separation principle involves the design of a state observer and a state feedback
stabilization controller independently. The problem of theory of output feedback stabi-
lization of nonlinear systems using high gain observers has become the focal interest of
researchers and it has received many attentions. In these studies, a high gain observer
has been used by [2 [B] to provide a separation principle for the considered uncertain
system. In this context, [4] proved a separation principle for nonlinear uncertain systems
with nominal linear part.

Recently, adaptive observer and controller design for nonlinear time-delay systems
have been very prominent and active research fields due to their importance in con-
trolling engineering practice [20] and of real phenomena such as biological systems [27],
chemistry [22], electrical [I], population dynamics models [30] and economic model [19].
Under a Lyapunov—Krasovskii functional, suitable choice, [24] derived a control scheme
to design an adaptive control to stabilize the nonlinear time-delay systems. These sta-
bility findings obtained for delayed systems can be generally classified into two main
types, namely delay independent [4, 5] 12l B1] and delay dependent [I1, [15]. [I6] has
suggested the problem of observer for a class of nonlinear delay systems. Global and
delay independent conditions are provided. Under a linear observer-based feedback, the
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problem global asymptotic stability for a triangular structure of time-delay systems, is
reached by [2I]. The problem of state and output feedback stabilization for nonlinear
systems that are diffeomorphic has been considered in [I7] and [I8] with a constructive
approach. The systems have triangular form with nonlinearities that appear on each
component but there is a restrictive assumption on the nonlinearities. In [9] the prob-
lem of exponential stabilization for nonlinear uncertain systems with time-varying delay
is proved by using the Lyapunov approach and solving linear matrix inequalities. Under
Lipschitz condition and by constructing an appropriate Krasovskii functional and solv-
ing linear matrix inequalities [28], an adaptive observer for a class of nonlinear systems
with time delays is introduced.

Much attention has been paid to solving the problem of exponential stability because
it is an important index to obtain the convergence rates of prescribed time-delay sys-
tems. Therefore, exponential stability of systems with delays has been the interest of
researchers and the subject of numerous papers and monographs [5, 9} [IT], 19, 26], 29| 31].
Based on the Lyapunov method, [26] derived a linear matrix inequality. It proposes a ro-
bust exponential stability criterion which is delay dependent. In [I0] sufficient conditions
are provided to prove the practical stability for a class of nonlinear delay systems sat-
isfying some relaxed triangular-type condition. According to the Lyapunov—Krasovskii
functional, the problem of global exponential stability of a class of nonlinear time-delay
systems written in triangular form that satisfies a linear growth condition is achieved
by [5]. [29] derives sufficient conditions expressed in terms of linear matrix inequalities
(LMIs) for exponential stability of linear time-delay systems. For constant time delay,
the exponential convergence of the observer is achieved by [19 [31].

However, from a practical point of view, dynamics, measurement noises and other
disturbances often prevent origin from being an equilibrium point of the uncertain sys-
tem. So we can no longer expect to design a controller that guarantees the stability of
the origin as an equilibrium point. Due to this reason, the property is referred to as a
practical stability which is more suitable for nonlinear free-delay systems see [0} [7, [8] and
for nonlinear systems with time-delay see [13| 14} [19] 31} B4]. Practically an exponential
convergence of the observation for unknown time delay nonlinear system in triangular
form has been proposed in [I9]. In [3I] a Lyapunov-Krasovskii function is chosen, and
sufficient assumptions are provided for the purpose of proving the practical stability.
The problem of global uniform practical exponential stability of general nonlinear non
autonomous differential delay equations is proved in [I3]. The authors of [34] present
the practical stability of time delay system by constructing an appropriate Krasovskii
functional and solving linear matrix inequalities. By the Lyapunov-Krasovskii theo-
rem, the problem of global practical tracking for a class of uncertain nonlinear multiple
time-delay systems by output feedback is derived in [23].

Now, we want to establish some comparisons with results that addressed issues similar
to those addressed in this document. It is well known that the problem of stabilization
nonlinear systems with time delay is generally more difficult than that of systems without
delays. In [8] the authors consider a class of for free-delay nonlinear uncertain systems.
However, the system considered in [§] is a particular case of the system considered in
our paper. [I5] consider a specific canonical form with time delays, which is uniformly
observable. Current work is the natural extension of that one proposed [15] to a class
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of uncertain time delay systems with a nominal part written in a triangular form.

In this paper, motivated by [§] and [28] an observer-based for a class of nonlinear
time delay systems is presented. This class of systems having a triangular structure.
Constant delays for nonlinear parts of the system have been considered in which the
nonlinear parts satisfy the Lipschitz condition while the uncertain part is bounded.
Based on Lyapunov—Krasovskii functional, we investigate the problem of designing an
observer-based output feedback controller in order to practically exponentially stabilize
the closed-loop system. Uncertain bounded and sufficient conditions are given to insure
the strong practical exponential stability of the proposed observer.

The paper is organized as follows: Section 2 presents the basic definitions, some
preliminary results and the system description. The required assumptions and the
statement of the main results as strong practical exponential stability for time vary-
ing nonlinear systems are provided in section 3. Section 4 illustrates the validity of our
design method in the selected numerical example. Section 5 draws some conclusions
based on the findings of the research. Finally, this paper is concluded.

2. SYSTEM DESCRIPTION AND BASIC RESULTS

In this paper, we investigate stability of nonlinear time delay systems. Consider the
nonlinear differential equations:

z(t) = Ax(t) + Bu(t) + f(z(t), z(t — 7),u(t)) + Bg(t,z(t),z(t — 7)), Vt >0,

y(t) = Cx(t),
¥ )7 vt e [_7—7 0}7

~

(1)
where 7 > 0 denotes the time delay, z(t) € R™ is the state vector, u(t) € R is the input
of the system, y(t) € R is the measured output and the initial condition is specified as
a continuous function ¢ € C, where C denotes the Banach space of continuous functions
mapping the interval [—7,0] — R™ equipped with the supremum-norm:

¢ lle = max | o(s) ||
s€[—7,0]

|| || being the Euclidean-norm. The matrices A, B and C' are given by,

010 0 0
00 1 0 0
A= : , B= ,C=[1 0 0 0],
00 0 1 0
00 0 0 1

and the perturbed term is

PP U
z1(t),x2(t), x1(t —7),x2(t — 7),u(t
Fla(t), ot — 1) ut) = | I

fula(t), w(t — 1), u(t))
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We assume that the mappings f; : R® x R®* x R —+ R, ¢ = 1,...,n, are smooth with
fi(0,0,u(t)) =0 and g : Ry x R™ x R® — R, is unknown and represent the parameter
perturbations. For 6 € [—,0], we define the function segment x; by x(0) = z(t + 9).
For ¢ € C, the solution of that satisfies xyp = ¢ denote by x(t, ) or shortly x(t).
Finally, we denote the segment of this solution by z:(¢) or shortly z;.

The main objective of this paper is the design of a nonlinear observer based controller
that stabilizes system . We generalize the systems considered by [6] for free-delay
systems. We shall explore a strong practical observer introduced in [33]. That is the
error converges exponentially towards an arbitrarily small neighborhood of the origin.
All these observers are parameter dependent systems.

For free delay systems, the problem of the conception of a strong practical observer
is addressed in [33] for an uncertain system with nominal linear part and in [§] for an
uncertain system with nonlinear nominal part. Inspired from [33] and [§], we intro-
duce the following definition of a strong practical observer for the uncertain time delay

system .

Definition 2.1. (Benabdallah et al. [8]) Consider a system that depends on a param-
eter € > 0O:

@) = F(tat),z(t 1)),
y(t) = nlz(t),z(t - 7)), (2)
a(to) = ¢(s),

where z(t) € R", t € Ry and F. : Ry x R® x R — R" is continuous in ¢ and locally
Lipschitz in z(t) and z(¢t — 7) uniformly with respect to t. We call the origin of system
is practically globally uniformly exponentially stable if there exists €* > 0 such that
for all € < &* there exist positive scalars K (g), A(e) and p(e), such that for all t > ¢
and ¢ € C, we have

lz@)] < K(@)llell exp(=A(e)(t = to)) + ple)

with lim._g A(e) = +00 and lim._,¢ p(e) = 0.

Definition 2.2. A strong practical observer for system is a family of auxiliary dy-
namic systems written as & = G¢(t, &(t), Z(t — 7), y(t)) such that for all t > 0

(1) — ()] < K()e " s 12(s) — (s)]| + p(e)

with lim A(¢) = 400 and lim p(e) = 0.
e—=0 e—0

Remark 2.3. When p(g) = 0, in this case the origin is an equilibrium point, then we
point the classical definition of the exponential stability (see[5], B2]).

Notation 1. Throughout the paper, the notation A7 means the transpose of A. For a
real matrix A we denote the minimal and maximal eigenvalue of a matrix A by Apin(A)
and Amax(A) respectively. We note 27 the delayed state vector z(t — 7).
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3. SEPARATION PRINCIPLE

To complete the description of the time-delay system, we suppose the following assump-
tions.

Assumption 1. The nonlinearity f(x(t), z(t—7),u(t)) is smooth, globally Lipschitz,to
z and z(t — 7), uniformly with respect to u and well-defined for all z(t) € R™ with
£(0,0,u) = 0,

Assumption 2. For all ¢ > 0, the delay 7 is known and constant.

Assumption 3. There exists a positive scalar M such that ||g(¢, z(t), z(t —7))|| < M.

Remark 3.1. In [25] time delays are considered only in the linear component of the
system, whereas the present work deals delays nonlinear parts of the system.

Remark 3.2. The systems generalizes the systems introduced by [21] for the case
of an nonlinear system without disturbance.

3.1. Observer design

In this subsection, we are studying in designing an observer to estimate the states of
the time-delay nonlinear system. Generally, the direct measurement of all states of a
system is not achieved. It is this fact which has a great interest in studying the systems
whose desired behavior makes the zeros of the state space exponentially stable or an
approximation close to it. The main objective of the next subsection is to construct
a state estimator to ensure the practical convergence of the stability of the resulting
error system. Under the time delay constant and known, we present delay-independent
conditions to ensure strong practical exponential convergence of the observation error.
We will design an observer for system under assumptions Al, A2 and A3. We
propose the following system:

{ &(t) = A2(t) + Bu(t) + f(&(t), 37, u(t)) + L(e)(CE(t) — y(1)),
g(t) = Ci(t),

(3)

where L(e) = [4, ..., &7 with e > 0 and L = [I,...,1,)T such that Ay := A+ LC is
Hurwitz, &(s) = gZ;(s), —7 < 5 <0 with ¢ : [—7,0] — R™ being any known continuous
function. Let us now define e = & — x the observation error, which denotes the difference
between the actual state and estimated states. The observation error, whose dynamics
is

e=(A+LEe)Oe+ f(&,27,u) — f(z,2™,u) — Bg(t,z,z7). (4)

Let P the symmetric positive definite which satisfies solution of the Lyapunov equation

ATP4+ PAp, = 1. (5)
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Theorem 3.3. Consider the time-delay system (1) under assumptions A1, A2 and A3.
Then, the system is a strong practical observer for system .

Proof. Fore >0, let D(e) = diag[l,e,.. 1. Let n = D(¢)e.
Using the fact that A+ L(e)C' = 1D(e)~ 1ALD( ), we get

" 1 s AT T T

= ZAun+ D (E,47,u) — f(w,27u)) — D) By(t,z,27). (6)
Let us choose a Lyapunov—Krasovskii functional candidate as follows

t In %
V) =n"Prt [ F ). ™)
t—71

The time derivative of @ along the trajectories of @ can be expressed as

n;
V() = 20" P+ |Inl|* = Velln™|I* = = (V) = " Pr). (8)

Making use of 7 one obtains for £ < 1

Vi) +55Vim) < —(E=Dlnl> + 520" Py — Vel |
+2nTPD(e)(f(2,27,u) — f(x,27u)) — 20T PD(e)By(t, z,27).
Since P satisfies the following inequality, for all n € R™,
Amin (P)[1lI* < 0" Py < Amax (P) |1n]|*. 9)
The following inequality holds thanks to Assumption 1

[D(e)(f(2,27,u) = flz,2Tu)|| < K[[D(e)(@ —2)|| + K[| D()(&7 — 27)]|
< k(lImll + 171D (10)

where k is a Lipschitz constant in ([10)).
So using Assumption 3, and (9)), one obtains

ln—
Vin) +52Vim) < — {2 =1}l + =07 P+ 26| P[]l + 26| Pl ]l 7]
+2Me" | Pl[Inll — veln™|I?
ln— -
< {1 APy Yl + 260 Pl |

+2Me P [lnll — vellnT|?
Let p = 2Me"~ 1| P||. Using the fact that

wlinll < illlnlfﬂf , ,
2k[1P[Hn ™l < 2R IP Il + Vel
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we deduce that

. Ini 1 Ini 5 1
Vo) + 52V -t < = {3 1PIgE - § - 2kIPl - 1Pl

27 2r 4 Ve
Now, all we need to do is to choose € small enough such that
1 Ini 5 1
k(e) = - — |P|== — = — 2k|P|| — —=K?||P|* > 0. 12
(€)= —IPl5=~ 1Pl NG 21l (12)

It is obvious that k(e) tends to oo as € tends to zero. This implies that there exists
g0 €]0,1[ such that for all 0 < € < g¢ condition is fulfilled.

From and we get

. Ini
V() + —=

5 V) —p* <0, (13)

1
Set A(e) = ng. Using the well-known Gronwall inequality, inequality is equivalent

4T
to 9
V(m) < POV () + 1 (14)
a1
S

Using and @D, we have, on the one hand,
0

R
Amax(P)l 012 + / e# 101 (s)|Pds

—T

V(o)

IN

IN

Amax(P) +7) sup_|n(s)],
se[—T,0]

and on the other hand,
Amin(P)[0(6)1* < V (0(2))-
We deduce that

Pll+7 _ 22T
IPIHT 3@ up fn(s)ll + b

1) < Amin(P)In L
||77( )” — Amln(P) s€[—7,0] )\mln(P) hl%

Since € < 1, one has

1
In@IF < llell < Z=In(®)]
and inequality can be written as
le(®)ll < K(2)e ™ sup |le(s)l| + p(e)

s€[—7,0]
where
_ 1 |Pll+T
K() = = ,\‘miJ(P)
ple) = 2M|P| Amrfﬁ
Inl
)\(8) = 47‘57

with lim._ p(¢) = 0 and lim._,o A(g) = +o0. a
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Remark 3.4. In [25] 28], the sufficient conditions which guarantee that the estimation
error converges asymptotically towards zero are given in terms of a linear matrix in-
equality. The conditions given in Theorem are quite different from the ones used in
[25 28]. Comparing with [25], 28], our results are less conservative and more convenient
to use since they are independent of time delays and the results in [25] 28], are not
practical for networks with large size. The free terms in Theorem, for example, ¢y and
€, help in the observer design for the system , but the linear matrix inequality in
[25] 28] do not.

3.2. Global exponential stabilization by state feedback

In this subsection, using the Lyapunov—Krasovskii method, we establish a delay-independent
condition for the strong practical exponential stabilization of the nonlinear system .
The state feedback controller is given by

u=K(e)x (16)
where K(g) = [& En]l and K = [ky,..., k,) such that Ag := A+ BK is Hurwitz.

g’ ceey B
Let S be the symmetric positive definite solution of the Lyapunov equation

ALS + SAg = 1. (17)

Theorem 3.5. Consider the time-delay system (|1)) under assumptions A1, A2 and A3.
Then, the closed loop time-delay system — (L6} is strong globally practically expo-
nentially stable.

Proof. The closed-loop dynamics are given by
= (A+ BK(e))x + f(z,27,u) + Bg(t,z,x7). (18)

For € > 0, let D(¢) = diag[l,¢,...,e" '] and x = D(e)z.
Using the fact that A+ BK(e) = 1D(e) ' Ag D(¢), we get

1
X = LArx+ D) (@27, ) + D()By(t, 7,27). (19)
Let the Lyapunov—Krasovskii
t lné
W) =xSx+ [ €T (20)
t—T

Taking the time derivative of along the trajectories of , can be expressed as

. Ini
W(xe) =2x"Sx + IxlI? = VellxXTII* - > (Wxe) = x"Sx). (21)

As in the proof of Theorem we have,

Amin (S)X]I* < xTSX < Amax (S)lIx[- (22)



1024 N. ECHI AND A. BENABDALLAH

Since £(0,0,u) =0, implies that

1D (e).f (2, "u) || < E(lIxI -+ IXTID- (23)

So using Assumption 3, and , one obtains

x ln—
W(xe) + 5~ < = {2 = 1HIIXIP + SEXTSx A 2k SHInlZ + 2k1S T XTI

+2Mem S| = VElxTII?

1 ln%
< -{t-1-ps)

2T

} 111 + 2K ST

+2Me" [ S]lIx] = VElXTII2

Let py = 2Me"~1||S||. Using the fact that

pal x|l < LIP3
2k[ISHIx X7l < %7€2||5||2||X||2+\/glleH2

we deduce that

. Ini 9 1 Ini 5
£ _ < _ _ £ _
W(xt) + 5 W (xt) —p1 < {8 151l 5 1

1
— 2k[|S] - kQISIIQ} Il (24)

NG
Now, all we need to do is to choose € small enough such that

ni 5

1 1 1
Rile) = - — ISI5= - — RS2 >0, (25)

NG

It is obvious that k1(g) tends to co as e tends to zero. This implies that there exists
g0 €]0, 1[ such that for all 0 < e < ¢ condition is fulfilled.

From (24)) and (25 we get

i In £ 2

W) + 5= Wike) —p1 0. (26)
Set \(e) = inequality is equivalent
to

2T
W(x:) < e 2OW (xo) + pi—

Ind (27)

Using and (22), we have, on the one hand,

W(xo)

IA

0
Amax(S) o2 + / e# 10 |y(s)|Pds

IN

(Amax(S) +7) sup ||X(3)H27

s€[—7,0]
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and on the other hand,
Amin () [X (@B < W (x(#))-
We deduce that

ISI+7 ey 2piT
x| < e sup X+ T (28)
)\min(S) s€[—7,0] )\min(s) ln%
Since € < 1, one has
1
IO < llzll < Z = Ix@)1l
and inequality can then be expressed as follow
|z(6)]| < Ki(e)e 2 sup [z(s)Il + p1(e)
se|—T,
where
S||+7
Ki(e) = ziry/olg
pl(E) = 2M||SH )\mm(%;‘—) 1né
Ini
AMe) = S5
with lim._, p1(¢) = 0 and elim._,o A\(g) = +o0. O

3.3. Observer-based control stabilization

In this subsection, is devoted to the design of the observer-based controller. We im-
plement the control law with estimate states. The observer-based controller is given
by:

u=K(e)z, (29)

where % is provided by the observer .

Theorem 3.6. Suppose that Assumptions 1-2—-3 are satisfied. Then, there exists
€0 €]0,1[ such that the origin of the closed loop time-delay system f is strong
globally practically exponentially stable.

Proof. The closed loop system in the (y,7) coordinates can be written as follows:

1 1 T T
SAgx+ :BKn+ D(e)f(x,x7,u) + D(¢) Bg(t, z,27),

i = LA+ D(e)(f(#,47,u) — f(z,27,u)) — D(¢)By(t,z,z7). (30)

Let
U xe) = aV(ne) + Wixe)-

From the proof of Theorems [3.3] and [3.5] we get

: In

1
Ulne, xe) + 52Ul xe) —ap® —pf - < —ak(e)lnll* = ku@)lIxII® + 2ISTIE ([ [Inllllx]-
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Now using the fact that for all § > 0,
2 Ly o
2l ll < Bl + 5 llmll®.

Then, by taking 8 =

Tg\l(s) , we can write that

2SI

: 1(e)

. In = k 2
7 X i —a? -2 < —ak 2 2 SIZIE N2 02,
() + = U )= =1 < k(@) =52 P+ S ISP

Finally we select o such that

2

ak(e) — T

ISIZ 1] > 0

to deduce that the origin of system is globally practically exponentially stable. [J

4. NUMERICAL EXAMPLE

In this section, as an illustration, we give an example of application of our observer to a
biological Predator-Prey Interaction. We consider a system with two populations. Such
model is described by the following system:

i1 = mo(t)+ 3a1(t — 7) + 21 (t) cosu,
iy = Fxo(t—7)+ 3w2(t) +u+g(t), (31)
y(t) = a1(t)

where, x1(t) denotes the prey population, x5 (t) represents mature predators. u denotes
the change rate of the predators and is regarded as an known input. g is the transition
from homogeneous to diffusive predator movement.(i.e. the introduction of mobility
limitation.) The constant delay in system can be regarded as a gestation period
or reaction time of the predators. In order to test the obtained solution the unknown
exogenous disturbance is supposed as

7.5 cos(801)
g(t):[ 10;0118(20@ ]

The initial conditions for the system are z(0) = [—~10,—20]7, and the initial conditions
the observer have been given by #(0) = [10, 10]7. We have the Lipschitz constant defined
in equal to % Now, select K = [-4 — 9] and L = [-5 —5]T | A and Ay, are

Hurwitz. Using Matlab, the solutions of the Lyapunov equations and are given
by
p_ 0.1200 0.1000
~ | 0.1000 1.100

o_ [ L1944 05000
~ | —0.5000 0.2778
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_15 1 1 1 1 1 1 1 1 1
o 1 2 3 4 5 B 7 g 9 10

time in (sec)

Fig. 1. The evolution of x1 and its estimate &1 for 7 =1 s.

So, ||P|| = 1.1101 and ||S|| = 1.4144. According to the strong practical stability en-
hanced in the proof of Theorem and Theorem it is clear that the observation
error of the observer converges to a ball with a radius r > 0 depending on a parameter
€. The value of the observer-based control parameter ¢ has been set to 0.01.

Fig. 1l and Fig. [2[ shows that the estimated magnitudes converges practically to the real
one, for a constant delay equal to 7 = 1 s. It can be seen, from Fig. [§land Fig. [4] that for
a large delay 7 = 10 s and for different initial conditions the converges practically to the
real one is still verified which means that are not dependent on the size of the delay, for
all parameter ¢ < 0.01. Fig. [f]and Fig. [6] we show that for a delay 7 = 1 and parameter
€ = 10~*. Under different time delays, the above Figures 1-6 show the performance of
the observer-controller are bound to on a parameter €. By comparing the convergence
radius r, we note that if the parameter ¢ tends to 0 the radius of convergence is also.

Remark 4.1. It is obvious that our result is an extension observer synthesis for a class
of nonlinear time delay systems for a similar class of free-delay systems inspired from
16} 18].
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_25 1 1 1 1 1 1 1
1] 1 2 3 4 5 5 7 g 9 10

time in (sec)

Fig. 2. The evolution of x2 and its estimate &2 for 7 =1 s.

20 T T T T T

15+

_25 1 1 1 1 1 1 1 1 1
1] 1 2 3 4 5 B 7 g 9 10
time in (sec)

Fig. 3. The evolution of x1 and its estimate &; for 7 = 10 s.
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120 T T T T T T T T T

_dD 1 1 1 1 1 1 1 1 1
0 1 2 3 4 g 8 7 g 9 10

time in (sec)

Fig. 4. The evolution of z2 and its estimate &2 for 7 = 10 s.

20 T T T T T T T T T

Fig. 5. The evolution of x; and its estimate #; for e = 107%, 7 = 1 s.
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20 T T T T T T T T T

15k ———#yhat i

220 1 1 1 1 1 1 1 1 1
1]

Fig. 6. The evolution of 2 and its estimate &2 for e = 107%, 7 = 1 s.

5. CONCLUSION

In this paper, we have proposed a separation principle for a class of nonlinear time-delay
systems. The nonlinearities of this class of systems satisfy the Lipschitz condition while
the uncertain term is bounded. Since the origin is not supposed to be an equilibrium
point, using Lyapunov—Krasovskii functionals, we proposed a strong practical observer, a
state feedback, and we proved that the observer based controller asserts strong practical
stability of the closed loop system. Finally, simulation study has been undertaken to
illustrate the theory.

ACKNOWLEDGEMENT

The authors sincerely thanks the editor and the anonymous reviewers for their valuable com-
ments and suggestions that have led to the this improved version of the manuscript.

(Received September 14, 2018)

REFERENCES

[1] J. Anthonis, A. Seuret, J.-.P. Richard, and H. Ramon: Design of a pressure control system
with band time delay. IEEE Trans. Control Systems Technol. 15 (2007), 1103-1111. DOL:
10.1109/TCST.2006.890299

[2] A. Atassiand H. K. Khalil: A separation principle for the stabilization of a class of nonlin-
ear systems. IEEE Trans. Automat. Control 44 (1999), 1672-1687. DOI: 10.1109/9.788534


https://ieeexplore.ieee.org/document/4343962?arnumber=4343962
https://ieeexplore.ieee.org/document/4343962?arnumber=4343962
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=788534&isnumber=17088

Observer based control for strong practical stabilization ... 1031

3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

A. Atassi, and H. K. Khalil: Separation results for the stabilization of nonlinear systems
using different high-gain observer designs. Systems Control Lett. 89 (2000), 183-191.
DOI: 10.1016/S0167-6911(99)00085-7

A. Benabdallah: A separation principle for the stabilization of a class of time delay
nonlinear systems. Kybernetika 51 ( 2015 ), 99-111. DOI:10.14736/kyb-2015-1-0099

A. Benabdallah and N. Echi: Global exponential stabilisation of a class of
nonlinear time-delay systems. Int. J. Systems Sci. 47 (2016), 3857-3863. DOLI:
10.1080/00207721.2015.1135356

A. Benabdallah, I. Ellouze, and M. A. Hammami: Practical exponential stability of
perturbed triangular systems and separation principle. Asian J. Control 18 (2011), 445—
448. DOI:10.1002/asjc.325

A. Benabdallah, I. Ellouze, and M. A. Hammami: Practical stability of nonlinear time-
varying cascade systems. J. Dyn. Control Syst. 15 (2009), 45-62. DOI:10.1007/s10883-
008-9057-5

A. Benabdallah, T. Kharrat, and J.C. Vivalda: On practical observers for nonlinear
uncertain systems. Systems Control Lett. 57 (2008), 371-377. DOI:10.14736 /kyb-2015-
1-0099

Y. Dong, X. Wang, S. Mei, and W. Li: Exponential stabilization of nonlinear
uncertain systems with time-varying delay. J. Engrg. Math. 77 (2012), 225-237.
DOI:10.1007/s10665-012-9554-0

N. Echi: Observer design and practical stability of nonlinear systems under unknown
time-delay. Asian J. Control (2019). DOI:10.1002/asjc.2271

N. Echi and A. Benabdallah: Delay-dependent stabilization of a class of time-delay non-
linear systems: LMI approach. Adv. Differ. Equ. 271 (2017), 1-13. DOI:10.1186/s13662-
017-1335-7

N. Echi and B. Ghanmi: Global rational stabilization of a class of nonlinear time-delay
systems. Arch. Control Sci. 29 (2019), 259-278. DOI:10.24425/acs.2019.129381

B. Hamed, I. Ellouze, and M. A. Hammami: Practical uniform stability of nonlinear
differential delay equation. Mediterr. J. Math. 8 (2011), 603-616. DOI:10.1007/s00009-
010-0083-7

B. Hamed and M.A. Hammami: Practical stabilization of a class of uncertain
time-varying nonlinear delay systems. J. Control Theory Appl. 7 (2009), 175-180.
DOI:10.1007/s11768-009-8017-2

M. Farza, A. Sboui, E. Cherrier, and M. M’Saad: High-gain observer for
a class of time-delay nonlinear systems. Int. J. Control 83 (2010), 273-280.
DOI:10.1080,/00207170903141069

A. Germani, C. Manes, and P. Pepe: An asymptotic state observer for a class of nonlinear
delay systems. Kybernetika 37 (2001), 459-478.

A. Germani, C. Manes, and P. Pepe: Local asymptotic stability for nonlinear state
feedback delay systems. Kybernetika 36 (2000), 31-42.

A. Germani, C. Manes, and P. Pepe: Observer-based stabilizing control for a class
of nonlinear retarded systems. Lect. Notes Control Inform. Sci. 423 (2012), 331-342.
DOI:10.1007/978-3-642-25221_125


https://doi.org/10.1016/S0167-6911(99)00085-7
http://www.kybernetika.cz/content/2015/1/99
https://doi.org/10.1080/00207721.2015.1135356
https://doi.org/10.1080/00207721.2015.1135356
https://doi.org/10.1002/asjc.325
https://doi.org/10.1007/s10883-008-9057-5
https://doi.org/10.1007/s10883-008-9057-5
http://www.kybernetika.cz/content/2015/1/99
http://www.kybernetika.cz/content/2015/1/99
https://doi.org/10.1007/s10665-012-9554-0
https://doi.org/10.1002/asjc.2271
https://doi.org/10.1186/s13662-017-1335-7
https://doi.org/10.1186/s13662-017-1335-7
http://journals.pan.pl/dlibra/publication/129381/edition/112921/content
https://doi.org/10.1007/s00009-010-0083-7
https://doi.org/10.1007/s00009-010-0083-7
https://doi.org/10.1007/s11768-009-8017-2
https://doi.org/10.1080/00207170903141069
https://doi.org/10.1007/978-3-642-25221-1_25

1032 N. ECHI AND A. BENABDALLAH

[19] M. Ghanes, J. De Leon, and J. Barbot: Observer design for nonlinear systems under
unknown time-varying delays. IEEE Trans. Automat. Control 58 (2013), 1529-1534.
DOI: 10.1109/TAC.2012.2225554

[20] J.K. Hale and S.M.V. Lunel: Introduction to Functional Differential Equations.
Springer, New York 1993.D0I:10.1007/978-1-4612-4342-7

[21] S. Ibrir: Observer-based control of a class of time-delay nonlinear systems having trian-
gular structure. Automatica 47 (2011), 388-394/DO1:10.1016/j.automatica.2010.10.052

[22] X. Jia, X. Chen, S. Xu, B. Zhang, and Z. Zhang: Adaptive output feedback control of
nonlinear time-delay systems with application to chemical reactor systems. IEEE Trans.
Ind. Electron. 64 (2017), 4792-4799. DOI: 10.1109/TIE.2017.2668996

[23] X. Jia, S. Xu, J. Chen, Z. Li, and Y. Zou: Global output feedback practical tracking for
time-delay systems with uncertain polynomial growth rate. J. Franklin Inst. 352 (2015),
5551-5568. DOI1:10.1016/j.jfranklin.2015.08.012

[24] X. Jia, S. Xu, J. Lu, Y. Li, Y. Chu, and Z. Zhang: Adaptive control for uncertain
nonlinear time-delay systems in a lower-triangular form. J. Franklin Inst. 355 (2018),
3911-3925. DOI:10.1016/j.jfranklin.2018.03.010

[25] A. Koshkouei and K. J. Burnham: Discontinuous observers for non-linear time-delay sys-
tems. Int. J. Systems Sci. 40 (2009), 383-392.DOI:10.1080/00207720802439293

[26] O.M. Kwona and J.H. Parkb: Exponential stability of uncertain dynamic systems in-
cluding state delay. Appl. Math. Lett. 19 (2006), 901-907/DOI1:10.1016/j.am1.2005.10.017

[27] C. Lili, Z. Ying, and Z. Xian: Guaranteed cost control for uncertain genetic regula-
tory networks with interval time-varying delays. Neurocomputing 181 (2014), 105-
112.D0I:10.1016/j.neucom.2013.10.035

[28] S. Mondal and W.K. Chung: Adaptive observer for a class of nonlinear systems
with time-varying delays. Int. J. Adapt. Control Signal Process. 27 (2013), 610-619.
DOI:10.1002/acs.2331

[29] S. Mondie and V.L. Kharitonov: Exponential estimates for retarded time delay sys-
tems: an LMI approach. IEEE Trans. Automat. Control 50 (2005), 268-273.DOI:
10.1109/TAC.2004.841916

[30] Y. Muroya, T. Kuniya, and J.L. Wang: Stability analysis of a delayed multi-group SIS
epidemic model with nonlinear incidence rates and patch structure. J. Math. Anal. Appl.
425 (2015), 415-439.D0I1:10.1016 /j.jmaa.2014.12.019

[31] O. Naifar, A. Ben Makhlouf, M. A. Hammami, and A. Ouali: On Observer design for a
class of nonlinear systems including unknown time-delay. Mediterr. J. Math. 13 (2016),
2841-2851. DOI:10.1007/s00009-015-0659-3

[32] P. Pepe and I. Karafyllis: Converse Lyapunov—Krasovskii theorems for systems described
by neutral functional differential equations in Hales form. Int. J. Control 86 (2013), 232—
243.|D0OI:10.1080,/00207179.2012.723137

[33] A. Rapaport and J.L. Gouze: Parallelotopic and practical observers for non-linear un-
certain systems. Int. J. Control 76 (2003), 237-251. DOI:10.1080/0020717031000067457

[34] R. Villafuerte, S. Mondie, and A. Poznyak: Practical stability of time-delay systems:
LMTI’s approach. Eur. J. Control 2 (2011), 127-138.D0OI1:10.3166/ejc.17.127-138


https://ieeexplore.ieee.org/document/6340311
https://link.springer.com/book/10.1007%2F978-1-4612-4342-7
https://doi.org/10.1016/j.automatica.2010.10.052
https://ieeexplore.ieee.org/document/7855829
https://doi.org/10.1016/j.jfranklin.2015.08.012
https://doi.org/10.1016/j.jfranklin.2018.03.010
https://doi.org/10.1080/00207720802439293
https://doi.org/10.1016/j.aml.2005.10.017
https://doi.org/10.1016/j.neucom.2013.10.035
https://doi.org/10.1002/acs.2331
https://doi.org/10.1002/acs.2331
https://ieeexplore.ieee.org/document/1393148
https://ieeexplore.ieee.org/document/1393148
https://doi.org/10.1016/j.jmaa.2014.12.019
https://doi.org/10.1007/s00009-015-0659-3
https://doi.org/10.1080/00207179.2012.723137
https://doi.org/10.1080/0020717031000067457
https://doi.org/10.3166/ejc.17.127-138

Observer based control for strong practical stabilization ... 1033

Echi Nadhem, Gafsa University, Faculty of Sciences of Gafsa, Department of Mathe-
matics, Zarroug Gafsa 2112. Tunisia.
e-mail: nadhemechi_fsg@yahoo.fr

Amel Benabdallah, Sfax University, Faculty of Sciences of Sfax, Department of Mathe-
matics, BP 1171. Sfaz 3000. Tunisia.
e-mail: Amel. Benabdallah@fss.rnu.tn



		webmaster@dml.cz
	2020-08-26T08:36:17+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




