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Abstract: This paper examines the well-posedness and adaptive stabilization of a satellite vibration caused by internal disturbances. The
structure of the satellite is made up of two flexible, symmetrical wings that are connected to a central body. The wings are modeled as
transmission Euler-Bernoulli beams with dynamic boundary conditions. We design high-gain adaptive regulators by measuring velocity
feedback at the central body to quickly dampen vibrations. We demonstrate an exponential decay result for the system employing the
multiplier method. The theoretical results are supported by a numerical simulation.
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1. Introduction

This study aims to investigate the adaptive boundary
stabilization of a flexible satellite model subjected to internal
disturbances. The satellite comprises a central body and two
similar flexible wings, with its dynamics described as two
Euler-Bernoulli beams attached to the central body (see [1]).
Using Hamilton’s principle, we get the equations of motion:

ρutt(x, t) + euxxxx(x, t) + αut(x, t) = − f (u(x, t)),

x ∈ [0, l/2], t ≥ 0,

ρvtt(x, t) + evxxxx(x, t) + αvt(x, t) = − f (v(x, t)),

x ∈ [l/2, l], t ≥ 0,

(1.1)

subject to

u(0, t) = ux(0, t) = uxx(l/2, t) = 0, t ≥ 0,

v(l, t) = vx(l, t) = vxx(l/2, t) = 0, t ≥ 0,

u(l/2, t) = v(l/2, t) = w(t), t ≥ 0,

mwtt(t) = euxxx(l/2, t) − evxxx(l/2, t) +C(t), t ≥ 0,
(1.2)

andu(x, 0) = u0(x), ut(x, 0) = u1(x), x ∈ [0, l/2],

v(x, 0) = v0(x), vt(x, 0) = v1(x), x ∈ [l/2, l],
(1.3)

where u(x, t) and v(x, t) represent the left and right wings’
transverse displacements at position x and time t. The wings
have density ρ, bending stiffness e, and a viscous damping
coefficient α. The term f represents an internal source that
arises from disturbances affecting the satellite’s dynamics,
which is a locally Lipschitz continuous function in R, with
F(u) =

∫ u
0 f (s)ds such that

f (u) = F′(u) and 0 ≤ F(u) ≤ u f (u), ∀u ∈ R.

(1.4)
Here, m denotes the mass of the central body, and C(t)

refers to the control inputs applied to the central body, which
will be determined later. The measured output of the center
body is provided by

a(t) = wt(t), t ≥ 0. (1.5)

The advancement of modern technology across various
fields has driven a need for high-resolution imaging and
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precise control of satellite positioning. However, vibrations
caused by internal or external forces can hinder these
capabilities, motivating researchers to explore methods for
vibration reduction. Control technology, in its various
forms, has emerged as an effective solution. For instance,
He and Ge [1] considered a satellite system (1.1)–(1.3)
without disturbance (i.e., with f ≡ 0). They established an
exponential stability result under the following control:

C(t) = −k1w(t) − k2wt(t),

where ki are control gains.
The exponential decay of the system (1.1)–(1.3) was

established in [2] using a boundary control:

C(t) = −k1w(t) − k2wt(t) − k3wx(t) − k4wxt(t), ki ≥ 0.

In [3], Je and Liu investigated system (1.1)–(1.3) with a
bounded external disturbance f (t) affecting the satellite’s
central body. Using the backstepping method, they designed
a control law to regulate the satellite’s vibrations. A
similar result was achieved in [4] for the case of an internal
disturbance f (w) acting on the satellite’s central body. In
another study, Berkani [5] examined the asymptotic stability
of system (1.1)–(1.3), incorporating viscoelastic damping in
place of viscous damping and accounting for a distributed
disturbance f (x, t). For further research on the control
of flexible satellites and spacecraft, see [6–8]. Numerous
results have also been published concerning the control of
flexible structures, including works such as [9–13].

In [14], Lasiecka and Toundykov studied a wave equation
incorporating a source term and a localized damping. They
successfully established the optimal decay rate for the
system. In the case of the Petrovsky problem, extensive
literature investigates the asymptotic behavior over time
under internal damping effects (see [15–19]). Similarly,
the von Kármán system has garnered significant attention in
recent years; see [20–23] for further details. The notion of
global stability, established via the Lyapunov method, plays
a significant role in both theoretical research and practical
scientific applications [24–27]. It is well known [28–30]
that, in certain cases, stability can only be ensured through
the application of appropriate control strategies.

We highlight here some notable contributions to adaptive
control. Hassan and Tatar [31] investigated the boundary

adaptive stabilization of a Timoshenko beam, designing
high-gain adaptive regulators using velocity feedback
measured at the right end. Kelleche and Tatar [32]
investigated the stabilization of a nonlinear axially moving
string using adaptive boundary control. In a related study,
Kelleche and Tatar [33] addressed the adaptive stabilization
of a Kirchhoff moving string employing high-gain adaptive
output feedback. Furthermore, Kelleche and Saedpanah [34]
examined the stabilization of an axially moving beam via
adaptive boundary control, designing the control law based
on a low-gain adaptive velocity feedback strategy.

To the best of our knowledge, the problem of satellite
vibrations subjected to internal disturbance forces has
not previously been addressed using adaptive control, as
evidenced by the references above. This novelty constitutes
a key contribution of the present work. In particular, we
emphasize the distinction between the proposed high-gain
adaptive control strategy and the conventional proportional-
derivative (PD) control approach used in [35]. Furthermore,
the existing literature appears to lack studies concerning the
well-posedness and adaptive stability of flexible satellites in
the presence of internal nonlinear disturbances. Motivated
by this gap, we investigate the asymptotic stability of
problem (1.1)–(1.3) under the impact of the following high-
gain adaptive boundary controls:C(t) = −b(t)a(t),

b′(t) = da2(t), b(0) = b0, b0, d > 0.
(1.6)

First, Section 2 introduces the necessary notations,
assumptions, and technical lemmas. Section 3 examines
the well-posedness through semigroup theory, Section 4
addresses the energy decay rate, and Section 5 focuses on
numerical simulations.

2. Preliminary results

The energy of system (1.1)–(1.3) is

E(t) =
ρ

2

∫ l/2

0
u2

t dx +
ρ

2

∫ l

l/2
v2

t dx +
m
2

w2
t (t) +

e
2

∫ l/2

0
u2

xxdx

+
e
2

∫ l

l/2
v2

xxdx +
∫ l/2

0
F(u)dx +

∫ l

l/2
F(v)dx. (2.1)

This means the following.

Mathematical Modelling and Control Volume 6, Issue 2, 185–193.
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Lemma 2.1. The energy (2.1) satisfies

E′(t) = −α
∫ l/2

0
u2

t dx − α
∫ l

l/2
v2

t dx − b(t)w2
t (t) ≤ 0 (2.2)

for t ≥ 0.

Proof. Multiplying the first equation in (1.1) by ut and
integrating by parts over (0, l/2) yields

d
dt

[∫ l/2

0

ρ

2
u2

t +
e
2

u2
xx + F(u)dx

]
+euxxxwt(t) = −α

∫ l/2

0
u2

t dx.

(2.3)
Similarly, for the second equation in (1.1), we get

d
dt

[∫ l

l/2

ρ

2
v2

t +
e
2

v2
xx + F(v)dx

]
− evxxxwt(t) = −α

∫ l

l/2
v2

t dx.

(2.4)
Combining (2.3), (2.4), and the last equation in (1.2), we
obtain

E′(t) = −α
∫ l/2

0
u2

t dx − α
∫ l

l/2
v2

t dx +C(t)wt(t),

using (1.5) and (1.6) to get (2.2). □

Proposition 2.1. Let b(t) be given in (1.6), then

b(t) ≤ b1, ∀t ≥ 0. (2.5)

Here, b1 > 0 depends on the initial data and b0.

Proof. Let functional G be defined by

G(t) = E(t) +
1

2d
b2(t).

Then, it follows from (1.5) and (1.6) that

G′(t) = −α
∫ l/2

0
u2

t dx − α
∫ l

l/2
v2

t dx − b(t)w2
t (t) +

1
d

b′(t)b(t)

= −α

∫ l/2

0
u2

t dx − α
∫ l

l/2
v2

t dx ≤ 0. (2.6)

Consequently, we have

1
2d

b2(t) ≤ G(t) ≤ G(0).

By taking b1 =
√

2dG(0), we have (2.5). □

3. Well-posedness

Now, we state the well-posedness result for (1.1)–(1.3),
which can be established using semigroup theory.

We also introduce the following spaces:

H = H2
0 × L2

0 × H2
l × L2

l × R
2,

where

L2
a =

u : [
a
2
,

a + l
2

] −→ R|
∫ a+l

2

a
2

udx < ∞,


and for i, j ∈ N, j ≤ i, L2

a = H0,0
a ,

Hi, j
a =

{
u : [

a
2
,

a + l
2

] −→ R|u, u′, · · · , u(i) ∈ L2
a,

u(a) = u′(a) = · · · = u( j)(a) = 0
}
.

The inner product inH is

(y1, y2)H =
ρ

2

∫ l/2

0
ū1ū2dx +

ρ

2

∫ l

l/2
v̄1v̄2dx +

m
2

w̄1w̄2

+
e
2

∫ l/2

0
u1xxu2xxdx +

e
2

∫ l

l/2
v1xxv2xxdx + w1w2,

where yi = (ui, ūi, vi, v̄i,wi, w̄i)T ∈ H , i = 1, 2.

By introducing the state y = (u, ū, v, v̄,w, w̄)T ,
system (1.1)–(1.3) becomes

dy
dt
= Ay, t > 0,

y(0) = y0 = (u0, ū0, v0, v̄0,w0, w̄0)T ,

where A : H −→ H is defined as

Ay =



ū

−e/ρuxxxx − α/ρū − 1/ρ f (u)
v̄

−e/ρvxxxx − α/ρv̄ − 1/ρ f (v)
w̄

e/m(u − v)xxx|l/2 + 1/mC(t)


and

D(A) =

 (u, ū, v, v̄,w, w̄)|u, v ∈ H4,2
0 , ū, v̄ ∈ H2,0

l ,

w, w̄ ∈ R and uxx(l/2) = vxx(l/2) = 0

 .
Mathematical Modelling and Control Volume 6, Issue 2, 185–193.
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Theorem 3.1. Let y0 ∈ D(A), and assume that (1.4) holds.

Then, the problem (1.1)–(1.3) admits a unique solution

satisfying

y ∈ C0([0, T ); D(A)) ∩C1([0, T );H),

for any T > 0.

Proof. To prove this theorem, we adopt the nonlinear
semigroup approach; see [36, 37]. □

4. Asymptotic behavior

This section examines the exponential stability of the
system (1.1)–(1.3) via the use of the Lyapunov functional
and convex analysis. To do this, let

L(t) = E(t) + βΦ1(t) + βΦ2(t),

where β > 0 and

Φ1(t) =
α

2

∫ l/2

0
u2dx +

α

2

∫ l

l/2
v2dx, (4.1)

Φ2(t) = ρ
∫ l/2

0
uutdx + ρ

∫ l

l/2
vvtdx + mwwt. (4.2)

Proposition 4.1. If β is small enough, we have

α1E(t) ≤ L(t) ≤ α2E(t), (4.3)

where α1 and α2 are positive constants.

Proof. This proposition can be proven by combining
Young’s inequality, the Cauchy –Schwarz inequality, and
Poincaré’s inequality (see [38]). □

To demonstrate the main decay result of the system, it
is frequently necessary to establish the following technical
lemmas:

Lemma 4.1. The function Φ1(t) satisfies

Φ′1(t) = α
∫ l/2

0
uutdx + α

∫ l

l/2
vvtdx. (4.4)

Proof. A direct computation gives (4.4). □

Lemma 4.2. The function Φ2(t) satisfies

Φ′2(t) = ρ
∫ l/2

0
u2

t dx − e
∫ l/2

0
u2

xxdx − α
∫ l/2

0
uutdx

+ρ

∫ l

l/2
v2

t dx − e
∫ l

l/2
v2

xxdx − α
∫ l

l/2
vvtdx −

∫ l/2

0
F(u)dx

−

∫ l

l/2
F(v)dx + mw2

t + mwC(t). (4.5)

Proof. Putting (1.1) into Φ′2(t), we obtain

Φ′2(t) = ρ
∫ l/2

0
u2

t dx −
∫ l/2

0
u(euxxxx + αut + f (u))dx

+ρ

∫ l

l/2
v2

t dx −
∫ l

l/2
v(evxxxx + αvt + f (v))dx

+mw2
t + mwwtt. (4.6)

We utilize integration by parts in accordance with
condition (1.2) to simplify the terms in (4.6) as follows:

−e
∫ l/2

0
uuxxxxdx = −euuxxx(l/2, t) − e

∫ l/2

0
u2

xxdx (4.7)

and

−e
∫ l

l/2
vvxxxxdx = evvxxx(l/2, t) − e

∫ l

l/2
v2

xxdx. (4.8)

By using the assumption (1.4), we have

−

∫ l/2

0
f (u)udx ≤ −

∫ l/2

0
F(u)dx (4.9)

and

−

∫ l

l/2
f (v)vdx ≤ −

∫ l

l/2
F(v)dx. (4.10)

Substituting Eqs (4.7)–(4.10) in (4.6), we obtain (4.5). This
completes the proof. □

Theorem 4.1. Under assumptions (1.4) and control (1.6),
there exist strictly positive constants A0 and α such that

E(t) ≤ A0e−αt, ∀t > 0.

Proof. By combining (2.2), (4.4), and (4.5), we obtain, for
some θ > 0,

Mathematical Modelling and Control Volume 6, Issue 2, 185–193.
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L′1(t) = −(α − ρβ)
∫ l/2

0
u2

t dx − eβ
∫ l/2

0
u2

xxdx

−(α − ρβ)
∫ l

l/2
v2

t dx − eβ
∫ l

l/2
v2

xxdx

−β

∫ l/2

0
F(u)dx − β

∫ l

l/2
F(v)dx

−b(t)w2
t (t) + mβw2

t − mβb(t)wwt(t)

≤ −(α − ρβ)
∫ l/2

0
u2

t dx − eβ
∫ l/2

0
u2

xxdx

−(α − ρβ)
∫ l

l/2
v2

t dx − eβ
∫ l

l/2
v2

xxdx

−β

∫ l/2

0
F(u)dx − β

∫ l

l/2
F(v)dx (4.11)

−

(
b(t) − mβ − mβ

b2(t)
4θ

)
w2

t (t) + mβθw2(t).

We use Poincaré inequality as follows:

2w2(t) = u2(l/2, t) + u2(l/2, t)

≤
l
2

∫ l/2

0
u2

xdx +
l
2

∫ l/2

0
u2

xdx

≤
l3

8

∫ l/2

0
u2

xxdx +
l2

8

∫ l/2

0
u2

xxdx. (4.12)

With the help of Proposition 2.1, (4.11), and (4.12), we entail
that

L′1(t) ≤ −(α − ρβ)
∫ l/2

0
u2

t dx −
(
e −

ml3

16
θ

)
β

∫ l/2

0
u2

xxdx

−(α − ρβ)
∫ l

l/2
v2

t dx −
(
e −

ml3

16
θ

)
β

∫ l

l/2
v2

xxdx

−β

∫ l/2

0
F(u)dx − β

∫ l

l/2
F(v)dx

−

(
b(t) − mβ

4θ + b2(t)
4θ

)
w2

t (t)

≤ −(α − ρβ)
∫ l/2

0
u2

t dx −
(
e −

ml3

16
θ

)
β

∫ l/2

0
u2

xxdx

−(α − ρβ)
∫ l

l/2
v2

t dx −
(
e −

ml3

16
θ

)
β

∫ l

l/2
v2

xxdx

−β

∫ l/2

0
F(u)dx − β

∫ l

l/2
F(v)dx

−

b0 − mβ
4θ + b2

1

4θ

 w2
t (t).

Now, we choose θ < min
{

16e
ml3 ,

α
ρ

}
and β ≤ b0

mb2
1

so that

L′(t) ≤ −A1E(t), ∀t > 0, (4.13)

where A1 = 2 min
{
α−ρβ
ρ
, 16e−mθl3

16e , 2β, 4θb0−mβ4θ−mβb2
1

4θm

}
> 0.

Combining (4.3) and (4.13) yields

L′(t) ≤ −
A1

α2
L(t) = −αL(t), ∀t > 0. (4.14)

Integrating over (0, t), we have

L(t) ≤ L(0)e−αt. (4.15)

Using (4.3) in (4.15), we get

E(t) ≤
L(0)
α1

e−αt = A0e−αt.

This concludes the proof. □

5. Numerical simulations

This section presents simulation results using the
finite difference approach to demonstrate the system’s
performance. The parameters of the flexible satellite are
defined as (l, ρ, e, α, m) = (20 m, 3.24×102 kg/m, 1.195×
104 Nm2, 0.1, 20 kg). In practice, these parameters are
typically unknown. In such cases, they can be estimated
using appropriate estimation algorithms (see [35, 39, 40]).

The initial dates are specified as (u0(x), u1(x)) =

(v0(x), v1(x)) = (sin(0.3πx), 0). The internal disturbance is
modeled as f (x) = x3.

To demonstrate the effectiveness of adaptive control (1.6),
it is compared against PD control with constant gains.
Satellite dynamics are simulated under three scenarios:
(i) without control (C(t) = 0), (ii) with PD control
(C(t) = −200a(t)), and (iii) with adaptive control (1.6) using
b0 = 200 and d = 10. The dynamics of the left wing u(0, t),
the right wing v(l, t), and the center body w(t) are shown
in Figures 1, 2, and 3, respectively, throughout all three
scenarios.

Mathematical Modelling and Control Volume 6, Issue 2, 185–193.
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Figure 1. Left wings displacement at position
x = 0.

Figure 2. Right wings displacement at position
x = l.

Figure 3. Central body displacement (x = l
2 ).

From the comparison of three cases in Figures 1–3,
the proposed adaptive control (1.6) demonstrates superior
performance, effectively suppressing the satellite vibrations
within 10 seconds. In contrast, the PD control fails to
achieve the desired level of vibration suppression within
the 30 second simulation period. These results highlight
the efficiency and robustness of the adaptive control in
mitigating vibrations.

The temporal behavior of the adaptive control force and
the PD control force is shown in the Figure 4.

Figure 4. Control forces.

6. Conclusions

We have demonstrated that the proposed adaptive
control based on low-gain output feedback ensures the
exponential stabilization of the nonlinear satellite system
under consideration. This result was established using
a Lyapunov functional defined as the system’s energy
augmented by two suitable functionals. Furthermore, it
was shown that the gain function remains bounded. The
theoretical findings were corroborated through numerical
simulations.

Use of Generative-AI tools declaration

The authors declare they have not used Artificial
Intelligence (AI) tools in the creation of this article.

Acknowledgments

The authors thank the referees and express their gratitude
to DGRSDT.

Conflict of interest

The authors declare there is no conflict of interest.

References

1. W. He, S. S. Ge, Dynamic modeling and vibration
control of a flexible satellite, IEEE Trans.

Aerosp. Electron. Syst., 51 (2015), 1422–1431.
https://doi.org/10.1109/TAES.2014.130804

2. B. Lekdim, A. Khemmoudj, Control of a flexible
satellite with an internal nonlinear disturbance,
Evol. Equ. Control Theory, 13 (2024), 128–139.
https://doi.org/10.3934/eect.2023039

Mathematical Modelling and Control Volume 6, Issue 2, 185–193.

https://dx.doi.org/https://doi.org/10.1109/TAES.2014.130804
https://dx.doi.org/https://doi.org/10.3934/eect.2023039


191

3. N. Ji, J. Liu, Vibration control for a flexible satellite
with input constraint based on nussbaum function via
backstepping method, Aerosp. Sci. Technol., 77 (2018),
563–572. https://doi.org/10.1016/j.ast.2018.03.049

4. N. Ji, J. Liu, Adaptive vibration control for flexible
satellite with output constraint and unknown control
direction, J. Franklin Inst., 357 (2020), 10600–10625.
https://doi.org/10.1016/j.jfranklin.2020.08.035

5. S. Hamdi, A. Berkani, A new stability result for
a flexible satellite system with viscoelastic damping,
Math. Methods Appl. Sci., 45 (2022), 10070–10098.
https://doi.org/10.1002/mma.8356

6. Q. Hu, Robust adaptive sliding mode attitude
control and vibration damping of flexible spacecraft
subject to unknown disturbance and uncertainty,
Trans. Inst. Meas. Control, 34 (2012), 436–447.
https://doi.org/10.1177/0142331210394033

7. N. Ji, J. Liu, Distributed vibration control for
flexible spacecraft with distributed disturbance and
actuator fault, J. Sound Vib., 475 (2020), 115274.
https://doi.org/10.1016/j.jsv.2020.115274

8. H. K. Rad, H. Salarieh, A. Alasty, R. Vatankhah,
Boundary control of flexible satellite vibration in
planar motion, J. Sound Vib., 432 (2018), 549–568.
https://doi.org/10.1016/j.jsv.2018.06.052

9. A. M. Al-Mahdi, Optimal decay result for kirchhoff
plate equations with nonlinear damping and very general
type of relaxation functions, Bound. Value Probl., 2019
(2019), 1–26. https://doi.org/10.1186/s13661-019-1196-
y

10. B. Lekdim, A. Khemmoudj, General decay of
energy to a nonlinear viscoelastic two-dimensional
beam, Appl. Math. Mech., 39 (2018), 1661–1678.
https://doi.org/10.1007/s10483-018-2389-6

11. B. Lekdim, A. Khemmoudj, Uniform decay of a
viscoelastic nonlinear beam in two dimensional space,
Asian J. Math. Comput. Res., 25 (2018), 50–73.

12. B. Lekdim, A. Khemmoudj, Existence and energy decay
of solution to a nonlinear viscoelastic two-dimensional
beam with a delay, Multidim. Syst. Sign. Process., 32
(2021), 915–931. https://doi.org/10.1007/s11045-021-
00766-z

13. B. Lekdim, A. Khemmoudj, Existence and general decay
of solution for nonlinear viscoelastic two-dimensional
beam with a nonlinear delay, Ric. Mat., 73 (2024), 261–
282. https://doi.org/10.1007/s11587-021-00598-w

14. I. Lasiecka, D. Toundykov, Energy decay
rates for the semilinear wave equation with
nonlinear localized damping and source terms,
Nonlinear Anal.: Theor., 64 (2006), 1757–1797.
https://doi.org/10.1016/j.na.2005.07.024

15. M. M. Al-Gharabli, A. M. Al-Mahdi, S. A.
Messaoudi, New general decay result for a system
of two singular nonlocal viscoelastic equations with
general source terms and a wide class of relaxation
functions, Bound. Value Probl., 2020 (2020), 170.
https://doi.org/10.1186/s13661-020-01467-5

16. A. M. Al-Mahdi, M. M. Al-Gharabli, N. E. Tatar, On
a nonlinear system of plate equations with variable
exponent nonlinearity and logarithmic source terms:
existence and stability results, AIMS Math., 8 (2023),
19971–19992. https://doi.org/10.3934/math.20231018

17. A. Beniani, A. Benaissa, K. Zennir, Polynomial decay
of solutions to the cauchy problem for a petrovsky–
petrovsky system in Rn, Acta Appl. Math., 146 (2016),
67–79. https://doi.org/10.1007/s10440-016-0058-1

18. X. Han, M. Wang, Asymptotic behavior for petrovsky
equation with localized damping, Acta Appl. Math., 110
(2010), 1057–1076. https://doi.org/10.1007/s10440-009-
9493-6

19. H. Mohamed Braiki, M. Abdelli, S. Mansouri, K. Zennir,
Well-posedness and stability for a petrovsky equation
with properties of nonlinear localized for strong
damping, Math. Methods Appl. Sci., 44 (2021), 3568–
3587. https://doi.org/10.1002/mma.6963

Mathematical Modelling and Control Volume 6, Issue 2, 185–193.

https://dx.doi.org/https://doi.org/10.1016/j.ast.2018.03.049
https://dx.doi.org/https://doi.org/10.1016/j.jfranklin.2020.08.035
https://dx.doi.org/https://doi.org/10.1002/mma.8356
https://dx.doi.org/https://doi.org/10.1177/0142331210394033
https://dx.doi.org/https://doi.org/10.1016/j.jsv.2020.115274
https://dx.doi.org/https://doi.org/10.1016/j.jsv.2018.06.052
https://dx.doi.org/https://doi.org/10.1186/s13661-019-1196-y
https://dx.doi.org/https://doi.org/10.1186/s13661-019-1196-y
https://dx.doi.org/https://doi.org/10.1007/s10483-018-2389-6
https://dx.doi.org/https://doi.org/10.1007/s11045-021-00766-z
https://dx.doi.org/https://doi.org/10.1007/s11045-021-00766-z
https://dx.doi.org/https://doi.org/10.1007/s11587-021-00598-w
https://dx.doi.org/https://doi.org/10.1016/j.na.2005.07.024
https://dx.doi.org/https://doi.org/10.1186/s13661-020-01467-5
https://dx.doi.org/https://doi.org/10.3934/math.20231018
https://dx.doi.org/https://doi.org/10.1007/s10440-016-0058-1
https://dx.doi.org/https://doi.org/10.1007/s10440-009-9493-6
https://dx.doi.org/https://doi.org/10.1007/s10440-009-9493-6
https://dx.doi.org/https://doi.org/10.1002/mma.6963


192

20. M. Balegh, B. Chentouf, B. Feng, Z. Hajjej, A
general stability result for a von karman system
with memory and nonlinear boundary delay
term, Appl. Math. Lett., 138 (2023), 108512.
https://doi.org/10.1016/j.aml.2022.108512

21. B. Feng, A. Soufyane, New general decay results for a
von karman plate equation with memory-type boundary
conditions, Discrete Cont. Dyn.-A, 40 (2020), 1757–
1774. https://doi.org/10.3934/dcds.2020092

22. M. J. Lee, J. Y. Park, Y. H. Kang, Exponential decay rate
for a quasilinear von karman equation of memory type
with acoustic boundary conditions, Bound. Value Probl.,
2015 (2015), 1–14. https://doi.org/10.1186/s13661-015-
0381-x

23. S. H. Park, A general decay result for a von karman
equation of memory type with acoustic boundary
conditions, J. Appl. Anal. Comput., 12 (2022), 17–30.
https://doi.org/10.11948/20200460

24. H. Zheng, Y. Tian, Exponential stability of time-
delay systems with highly nonlinear impulses involving
delays, Math. Model. Control, 5 (2025), 103–120.
https://doi.org/10.3934/mmc.2025008

25. B. Lekdim, A. Bchatnia, F. Mtiri, General energy
decay and stability analysis of a nonlinear Euler-
Bernoulli beam with a boundary control and
viscoelastic damping, Ric. Mat., 74 (2025), 1–28.
https://doi.org/10.1007/s11587-025-00977-7

26. S. Al-Tuwairqi, A. Badrah, A qualitative analysis of
a model on alpha-synuclein transport and aggregation
in neurons, Math. Model. Control, 3 (2023), 104–115.
https://doi.org/10.3934/mmc.2023010

27. G. Stamov, E. Gospodinova, I. Stamova,
Practical exponential stability with respect to
h-manifolds of discontinuous delayed Cohen–
Grossberg neural networks with variable impulsive
perturbations, Math. Model. Control, 1 (2021), 26–34.
https://doi.org/10.3934/mmc.2021003

28. B. Lekdim, A. Khemmoudj, Existence and exponential
stabilization of an axial vibrations cable with time-
varying length, J. Dyn. Control Syst., 29 (2023), 2041–
2053. https://doi.org/10.1007/s10883-023-09650-4

29. A. T. Kurniawati, C. W. Chukwu, F. F. Herdicho,
Optimal control of dengue fever model with a logistically
growing human population, Math. Model. Control, 5
(2025), 48–60. https://doi.org/10.3934/mmc.2025004

30. V. Stojanovic, Fault-tolerant control of a hydraulic
servo actuator via adaptive dynamic programming,
Math. Model. Control, 3 (2023), 181–191.
https://doi.org/10.3934/mmc.2023016

31. J. H. Hassan, N. E. Tatar, Adaptive stabilization of
a timoshenko system by boundary feedback controls,
Math. Methods Appl. Sci., 45 (2022), 657–666.
https://doi.org/10.1002/mma.7803

32. A. Kelleche, N. E. Tatar, Adaptive boundary
stabilization of a nonlinear axially moving string,
ZAMM-J. Appl. Math. Mech., 101 (2021), e202000227.
https://doi.org/10.1002/zamm.202000227

33. A. Kelleche, N. E. Tatar, Adaptive stabilization of a
kirchhoffmoving string, J. Dyn. Control Syst., 26 (2020),
255–263. https://doi.org/10.1007/s10883-019-09453-6

34. A. Kelleche, F. Saedpanah, Stabilization of an axially
moving euler bernoulli beam by an adaptive boundary
control, J. Dyn. Control Syst., 29 (2023), 1037–1054.
https://doi.org/10.1007/s10883-022-09632-y

35. F. Ding, X. Luan, L. Xu, X. Zhang, Hierarchical
recursive gradient parameter identification for multi-
input ARX systems with partially-coupled information
vectors, Int. J. Adapt. Control Signal Proc., 39 (2025),
1978–1995. https://doi.org/10.1002/acs.4036

36. A. Keddi, S. A. Messaoudi, M. Alahyane,
Well-posedness and stability results for a
swelling porous-heat system of second sound,
J. Therm. Stresses, 44 (2021), 1427–1440.
https://doi.org/10.1080/01495739.2021.2003274

37. A. Khemmoudj, General decay of the solution to a
nonlinear viscoelastic beam with delay, Partial Differ.

Equ. Appl., 4 (2023), 20. https://doi.org/10.1007/s42985-
023-00238-y

38. B. Lekdim, Exponential stabilization of an Euler-
Bernoulli beam under boundary control, J. Innovative

Appl. Math. Comput. Sci., 3 (2023), 28–34.

Mathematical Modelling and Control Volume 6, Issue 2, 185–193.

https://dx.doi.org/https://doi.org/10.1016/j.aml.2022.108512
https://dx.doi.org/https://doi.org/10.3934/dcds.2020092
https://dx.doi.org/https://doi.org/10.1186/s13661-015-0381-x
https://dx.doi.org/https://doi.org/10.1186/s13661-015-0381-x
https://dx.doi.org/https://doi.org/10.11948/20200460
https://dx.doi.org/https://doi.org/10.3934/mmc.2025008
https://dx.doi.org/https://doi.org/10.1007/s11587-025-00977-7
https://dx.doi.org/https://doi.org/10.3934/mmc.2023010
https://dx.doi.org/https://doi.org/10.3934/mmc.2021003
https://dx.doi.org/https://doi.org/10.1007/s10883-023-09650-4
https://dx.doi.org/https://doi.org/10.3934/mmc.2025004
https://dx.doi.org/https://doi.org/10.3934/mmc.2023016
https://dx.doi.org/https://doi.org/10.1002/mma.7803
https://dx.doi.org/https://doi.org/10.1002/zamm.202000227
https://dx.doi.org/https://doi.org/10.1007/s10883-019-09453-6
https://dx.doi.org/https://doi.org/10.1007/s10883-022-09632-y
https://dx.doi.org/https://doi.org/10.1002/acs.4036
https://dx.doi.org/https://doi.org/10.1080/01495739.2021.2003274
https://dx.doi.org/https://doi.org/10.1007/s42985-023-00238-y
https://dx.doi.org/https://doi.org/10.1007/s42985-023-00238-y


193

39. F. Ding, L. Xu, X. Zhang, H. Xu, Y. Zhou, X.
Luan, Hierarchical generalized extended parameter
identification for multivariable equation-error ARMA-
like systems by using the filtering identification
idea, Annu. Rev. Control, 60 (2025), 100993.
https://doi.org/10.1016/j.arcontrol.2025.100993

40. F. Ding, L. Xu, P. Liu, X. Wang, Two-stage parameter
estimation methods for linear time-invariant continuous-
time systems, Syst. Control Lett., 204 (2025), 106166.
https://doi.org/10.1016/j.sysconle.2025.106166

© 2026 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0)

Mathematical Modelling and Control Volume 6, Issue 2, 185–193.

https://dx.doi.org/https://doi.org/10.1016/j.arcontrol.2025.100993
https://dx.doi.org/https://doi.org/10.1016/j.sysconle.2025.106166
https://creativecommons.org/licenses/by/4.0

	Introduction
	Preliminary results
	Well-posedness
	Asymptotic behavior
	Numerical simulations
	Conclusions

