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Abstract: In this paper, the stabilization problem for a class of uncertain second-order jerk chaotic control
systems is investigated. Combining differential and integral inequalities with nonlinear theory, we intend to
construct a robust adaptive controller to promote a class of uncertain second-order jerk chaotic control
systems to achieve the goal of adaptive stability. Finally, an example will be provided to illustrate the
design process of the adaptive controller, and some numerical simulation results will be offered to

demonstrate the correctness and effectiveness of the main result.
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L. INTRODUCTION

As we know, the chaotic control system is a nonlinear system, so the design of its controller is often more complicated
and difficult to obtain than the linear control system. On the other hand, real physical systems contain more or less
uncertain items, and these uncertain items may be incomplete system models, parameter disturbances or unidentified
noise. However, physical systems containing the above uncertain factors significantly increase the difficulty in stability
analysis and controller design. Due to the above factors, our group is prompted to conduct analysis and controller
design for a class of uncertain chaotic control systems.

In recent years, various types of uncertain nonlinear systems have been analyzed and discussed; especially in the design
of controllers, as of today, many methods of controller design have been developed, such as adaptive neural network
control framework, sliding mode control approach, adaptive fuzzy control scheme , adaptive sliding mode control
approach, adaptive control approach, adaptive state-quantized control approach, backstepping control approach, and
others; see, for example, [1]-[13] and the references therein. This paper intends to design an adaptive controller for a
class of uncertain jerk chaotic control systems, so that the entire system can achieve the goal of global asymptotic

stability.

II. PROBLEM FORMULATION AND MAIN RESULTS
Symbol Description

R" the n-dimensional real space
|a| the modulus of a complex number a
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I the unit matrix
A" the transport of the matrix 4

"x" the Euclidean norm of the vector X € R”

0(A) the spectrum of the matrix A

P >0 the matrix P is a symmetric positive definite matrix

This paper considers the following nonlinear jerk chaotic control systems with multiple uncertainties
X, =X,, (1a)
. 3
X, =q,%, +q,x% +q, cos(wt)+ Af(xl,x2)+ A¢(u), V>0, (1b)

7 x1 . . . . . . ..
where x = [x1 xz] e R¥ is the state vector, u € R is the input, Af (xl,xz) indicates the mixed uncertainties
(parameter mismatchings, external noise, and unknown nonlinearities), and A¢(u ) indicates the uncertain input
nonlinearity. To ensure the existence of the solution of (1), we assume that the uncertain terms Af’ (xl ,xz) and A¢(u)
are smooth functions. From past literature of [14]-[16], the system (1) without any uncertainties (i.e.,

Af (xl,xz)z A¢(u)= 0) is the famous jerk chaotic system under certain values of the parameters. In this paper,

motivated by differential and integral inequalities with nonlinear theory, a robust adaptive controller will be constructed

to enable the entire closed-loop control system of (1) to achieve global asymptotic stability.

The following assumption is made regarding the uncertain terms Af (xl,xz) and A¢(u ) of the uncertain nonlinear
systems of (1).

(A1)  There exist continuous functions g, (xl,xz) > 0, unknown nonnegtive numbers /3,, and positive number 7,

such that, for all arguments,

|Af(x1,le < iﬂigi(xl,xz), for some s € N and
-1

- A(u)>ru’.
The definition of robust adaptive stabilization is introduced below, which will be used in subsequent main results.

Definition 1: The uncertain nonlinear systems (1) with (A1) are said to realize the robust adaptive stabilization,

provided that, there exist a control # such that the state trajectory satisfies
lim|x(z)=0.
lim [x(¢)]

Now we put forward the main result regarding the robust adaptive stabilization of uncertain nonlinear systems of (1).
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Theorem 1. The uncertain nonlinear systems (1) with (A1) are robust adaptive stabilization under the following control
”(t) = _r(t)' (p3x1 + DX, ) @
4h* (¢
(o) )

= —
4r - h(t) |p3xl + p2x2| + (tz—i-lj

3)

h(t)= ‘qlx2 + ¢, + gy cos(wt )+ a’x, + 2ax2‘ +
i=1

zb,.(z)g,.(xl,xz* @

Bi(t):|p3x1 +p2x2|'gi(x1’x2)’ Vie {1’23""’5}» (%)

P D3
P P

o0 1 TP+P L P SR
—a’ -2a —a® 2al| ’

with & >0 and a > 0.

where P = |:

} > (0 is the unique solution to the following Lyapunov equation

Proof. From (1), the state equation is given by

, { 0 1 }
X = 5 X
-a° -2a

0 3 2
| A+ Af +q,x, + q,% + g cos(wt )+ a’x, + 2ax,

=Ax+B- [A¢+ Af +qx, + ¢, X +q, cos(wt)+ a’x, +2ox, ], Vit=0,
0

where A4 =
-

1 0
5 5 } and B = L} . Clearly, one has o (A) = {— a }, which implies A is Hurwitz and the
— 0

Lyapunov equation of (6) has the unique posive definite solution P. Let

S

V(x(0)=2"()Px(e)+ X [b. )= BT -
i=1
The derivative of V(x(l‘ )) with respect to time along the trajectories of uncertain nonlinear systems (1) with (2)-(7) is
given by

P(ale) = " [4"P+ PA] x+23 b,(0)b, () - 8]

i=l

+2x"PB- [A¢ + A —q,x, — q,x, — X, +q, cos(wt)+ a’x, + 20, ]

ISSN 3
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< -2x"x+2x"PB - Ag+ 23 b ()b, () 5]

i=l1

+ 2‘xTPB‘[‘q1x2 + ¢, + g cos(wt )+ a’x, + 2ax2‘ + i Bg,(x,.x, )}

i=1

= 2x"x+ 22TPB- A+ 23 | PB|- g (3%, b, 1)~ ]
i=1

+ 2\xT PB‘ ‘qlxz +q,x + g, cos(wt )+ a’x, + 2ax2‘ + Z Be.(x,x, )}

i=1

<-2x"x+2x"PB-A¢

+ 2‘xTPB‘ ‘qlx2 +q,% +q, cos(wt) +a’x, + 20¢x2‘ + ZS:b,. (t) g, (xl,x2 )H

= —2x"x+2x" PB- A + 2h(t)-|x" PB|

=-2x"x- (zj (u-Ag)+2h- ‘xTPB‘
r

< <2wle)f - (%) () + 20 |x" P3|

= 2x(0) ~ 25, r-|x"PB[ +2h-[x" PB
= —2||x(t)|2 =217+ |pyx, + p2x2|2 +2h-|pyx, + p,x,)|
el SO lpen o]

a
+1

+2h- |p3x1 + p,x,
4n 'h(t)'|p3x1 + p2x2| + E )

2h- |p3x1 + p2x2| ) (tza—i-lj

= —2||x(z)|2 + p
4r - h(l)’ |p3x1 + p2x2| + (tz-l-lj

[4’”1 ~h(l)~|p3x1 +p2x2|]~( e j
-+ ) e
7 a
Y4 'h(t)'|p3x1 +p2x2|+(12 +J
By the inequality
x[ i Jéxz, Vx>0, y20,and z>0.
y+z
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It can be deduced that

V(x(t))£—2||x(t)|2+[ ! j[ a j Vs,

2n N2 +1

It results that

o <=2 [ L] o)

= I"x(t)”2 dr < I@a& +[4%E(t2i ljdt
_V(0) _v(xo)), az _V(x(0) , ax
2 2 87 2 8

As a result, we conclude that lim ”x(t ]| =0, in view of x(t) € L, . The proof is thus completed. O
t—o

Remark 1. The following provides a design procedure for obtaining the robust adaptive controller of (2).
INPUT: the uncertain jerk chaotic control systems (1).

OUPUT: the robust adaptive control of (2).

Step 1: Choose 5, g,(x,x, ), Vie{l,2,3,---,5},and 7; such that (A1) is satisfied.
Step 2: Calculate P, p,,and p,, from (6).

Step 3: Form h(t) and bi(t), Vie {1,2,3,- . -,S}, from (4) and (5).

Step 4: Choose a and form r(l ) from (3).

Step 5: OUPUT u(t)z —r(t)- (p3x1 + pzxz).

III. N\UMERICAL EXAMPLE

Consider the following uncertain jerk chaotic control systems with uncertain input nonlinearities:

X, =X,, (8a)
X, = %, + q,x; + g5 cos(wt)+ Af (x,,x, )+ Ad(u), V>0,  (8b)
where
q,=-0.06,q9,=-1,¢9,=5, w=1,
Af(x,x,)=Aa-x2, Ap(u)=Ab-u+Ac-u’,
Aa|<neR, 1<Ab<4, Ac>0,

and 77 is an unknown constant. This example intends to design a suitable controller such that the uncertain nonlinear

systems (8) realize the robust adaptive stabilization.

ISSN 3
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Step 1: The condition (A1) is clearly satisfied if we choose
2
s=1, gl(xl,xz)z xy, rn=1.
Step 2: From (6) and selecting & = 2, we have

B {2.25 0.25

R =0.31, =0.25.
025 0.3 1} P2 P
Step 3: From (4) and (5), it can be readily obtained that

h(e):=|-0.06x, - x; + 5cost +4x, +4x,+ b ()], )
b(t)=10.25x, + 0.31x,|- x; (¢). (10)

Step 4:  From (3) and selecting @ =1, one has

r(t)= 4I°(t) 1 j NG

4h(t)-[0.25x, + 0.3 1x, |+ (12 O

Step 5: The suitable controller, given by (2), can be calculated as

u(t)=—r(t)-(0.25x, + 0.31x,). (12)
Therefore, by Theorem 1, we conclude that uncertain nonlinear systems (8) subjected to the control (12) with (9)-(11)
are globally asymptotically stable. The typical state trajectories of uncontrolled and feedback-controlled are depicted in
Figure 1 and 2, respectively. Besides, the signals of input and adaptive gain are depicted in Figure 3 and 4, respectively.
From the observation of the aforementioned simulation results, it can be seen that the uncertain nonlinear systems of (8)

indeed achieves the robust adaptive stabilization under the control law of (12) with (9)-(11).

IV. CONCLUSION
In this paper, the stabilization problem for a class of uncertain second-order jerk chaotic control systems has been
investigated. Combining differential and integral inequalities with nonlinear theory, a robust adaptive controller has
been designed to render a class of uncertain second-order jerk chaotic control systems to achieve the goal of adaptive
stability. Finally, an example has been provided to illustrate the design process of the adaptive controller and some

numerical simulation results have also been offered to demonstrate the correctness and feasibility of the main result.

ACKNOWLEDGEMENT
The authors thank the Ministry of Science and Technology of Republic of China for supporting this work under grant
MOST 109-2221-E-214-014.

REFERENCES
[1] G. D. Khan, “Adaptive Neural Network Control Framework for Industrial Robot Manipulators”, IEEE Access, Vol.
12, pp. 63477-63483, 2024.

o[ 2581-9429 |8

Copyright to IJARSCT DOI: 10.48175/IJARSCT-18255 g 372
www.ijarsct.co.in Z




</ IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 3, May 2024

[2] A. Caforio, E. Punta, and K. Morishima, “Experimental Modeling and Variable Structure Control for Cyborg
Cockroaches”, IEEE Control Systems Letters, Vol. 8, pp. 67-72, 2024.

[3] Y. Tian, H. Yuan, W. Zhu, X. Li, and Y. Li, “Sliding Mode Control of Vienna Rectifier Under Unbalanced Weak
Power Grid”, IEEE Access, Vol. 12, pp. 39095-39109, 2024.

[4] D. Zeng, Y. Jiang, Y. Wang, H. Zhang, and Y. Feng, “Robust Adaptive Control Barrier Functions for Input-Affine
Systems: Application to Uncertain Manipulator Safety Constraints”, IEEE Control Systems Letters, Vol. 8, pp. 279-
284, 2024.

[5] H. Wang, W. Jiang, and H. Shen, “Free-Will Arbitrary Time Adaptive Control for Uncertain Lorenz System”, IEEE
Transactions on Circuits and Systems II: Express Briefs, Vol. 71, No. 1, pp. 191-195, 2024.

[6] W. Zou, T. Shi, J. Guo, and Z. Xiang, “A Novel Adaptive Fuzzy Control Scheme for a Class of Nonlinear Planar
Systems Under State Constraints”, IEEE Transactions on Circuits and Systems II: Express Briefs, Vol. 71, No. 2, pp.
827-831,2024.

[7] X. Yuan, B. Chen, C. Lin, and B. Yang, “A Concurrent Event-Triggered Approach for Fuzzy Adaptive Control of
Nonlinear Strict-Feedback Systems”, IEEE Transactions on Cybernetics, Vol. 54, Vol. 1, pp. 342-352, 2024.

[8] A. A. Wijaya, F. Yakub, S. S. Abdullah, S. Aljazzar, and M. A. S. Kamal, “Adaptive Estimation and Control of
Nonlinear Suspension Systems With Natural Logarithm Sliding Mode Control”, IEEE Access, Vol. 12, pp. 60896-
60907, 2024.

[9] H. Zhang, X. Zhao, H. Wang, G. Zong, and N. Xu, “Hierarchical Sliding-Mode Surface-Based Adaptive Actor-
Critic Optimal Control for Switched Nonlinear Systems With Unknown Perturbation”, IEEE Transactions on Neural
Networks and Learning Systems, Vol. 35, No. 2, pp. 1559-1571, 2024.

[10] F. Zhang, Y. Y. Chen, and S. Li, “Adaptive Projection and Fuzzy Tracking Design for Unknown Control
Coefficients and References”, IEEE Transactions on Cybernetics, Vol. 54, No. 4, pp. 2235-2243, 2024.

[11] Z. Liu, C. Wu, X. Shen, W. Yao, J. Liu, and L. Wu, “Adaptive Interval Type-2 Fuzzy Neural Network-Based Novel
Fixed-Time Backstepping Control for Uncertain Euler-Lagrange Systems”, IEEE Transactions on Fuzzy Systems, Vol.
32, No. 5, pp. 2966-2975, 2024.

[12] H. Wang, Z. Zhang, X. Tang, C. Y. Weng, and J. Yang, “Robust Command Filtered Backstepping Control for FJR
Using Reduced-Order GPI Observers”, IEEE Transactions on Circuits and Systems II: Express Briefs, Vol. 71, No. 4,
pp. 2174-2178, 2024.

[13] H. Li, C. Hua, K. Li, and Q. Li, “Adaptive State-Quantized Control for Mismatched Nonlinear Systems via a
Dynamic Gain Approach”, IEEE Transactions on Systems, Man, and Cybernetics: Systems, Vol. 54, No. 3, pp. 1880-
1889, 2024.

[14] R. Gilmore and C. Letellier, “The Symmetry of Chaos”, New York, Oxford University Press, first edition, 2007.
[15] Y. J. Sun, T. C. Chang, S. C. Chen, S. W. Huang, Y. C. Ho, and W. C. Liao, “Application of uncertain jerk chaotic
systems in secure communication system”, Galaxy International Interdisciplinary Research Journal, Vol. 12, No. 4, pp.
299-306, 2024.

[16] Y. J. Sun, T. C. Chang, S. C. Chen, S. W. Huang, Y. C. Ho, and W. C. Liao, “Robust stabilization of uncertain jerk

Communication and Technology, Vol. 4, No. 2, pp. 540-546, 2024. 7 '?3"“12 Oc;
Copyright to IJARSCT DOI: 10.48175/IJARSCT-18255 i 2o e 373

www.ijarsct.co.in




‘, IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 3, May 2024

5 T T T T T T

x1: the Blue Curve x2: the Green Curve
4l i
| “k
3 | i | _
| l ‘ \
2 | ‘ [ | J ‘ J ‘ | J 7

x1(t); x2(t)
o -

AR T

_5 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200

t (sec)

Figure 1: Typical state trajectories of the uncontrolled system of the illustrative example.
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Figure 3: Control signal of the illustrative example.
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Figure 4: The signal of adaptive gain.
Copyright to IJARSCT DOI: 10.48175/IJARSCT-18255 f| 2580 2020 375

www.ijarsct.co.in



