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Abstract: In this paper, mixed synchronization of chaotic system with uncertain parameters is
investigated. Mixed synchronization is more general that includes function projective
synchronization, complete synchronization, anti-synchronization and projective synchronization as
its special cases. Based on the stability of linear system and the adaptive control technique, a
general mathematical method for designing the controllers is proposed in order to achieve the mixed
synchronization between chaotic systems with fully uncertain parameters.

1. Introduction

During the last two decades, synchronization have received a significant attention among
scientists from various different fields [1-3]. Many kinds of synchronization have been proposed in
dynamical systems. Projective synchronization is the most noticeable one because of its
proportional feature between the synchronized dynamical states and hence it has received extensive
research. More recently, Shen et al. [4,5] considered the function projective synchronization
problem of chaotic systems, in which the drive and the response systems can synchronize up to a
desired scaling function. By summarizing the previous results, it is interesting to ask if that the
response system has scaling factor matrix and the drive system has scaling function matrix during
the synchronization. On the other hand, the synchronization and identification of chaotic systems
with uncertainties is a more essential work for research[6,7].

2. The Scheme for mixed synchronization
Consider the drive system and the response system described as follows

x(t) = F (%), (1)
y(t) = G(y) +U t,x,y), (2)

where x=(x.%,%) ,y=(¥,,Y,».Y,) eR"are state variables of the drive system (1) and the

response system (2), respectively. F(x) and G(y)are the continuous vector functions, U(t,x,y)is a

controller function that needs to be designed.
Lete =ay—k(t)x is the synchronization error vector. Hence the error dynamics system takes the

forme'= ay-k(t)x—k(t)x . One can get

e=ay —Kk(t)x—Kk(t)X

0 3
=a[f,(y) + F, (V) +U (t,x,y)] - k(t)x -k (®)(f,(X) + F,(X)®) )

Let ®,Q denote the estimations of the uncertain parameters @, . We design the controller as
following:
Ut xY) = o [KA)(F (D + 1,(0) + k(DX Pe] - F, (1)@~ T, (y). (4)

The parameter update laws are determined as
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3. Examples of applications

The drive system and the fractional-order Chen chaotic system, as the response system, which is
described as:

(1) = a(x, %)
X, (t) = X X3 =%, (6)
X3 (t) =b —xx, —cx,,

nyl(t) = d(yz - y1)+u1
DIy, (t) = (f —d)y, — Yy, + fy, +u, (7
nyg(t) =YY, _hys +Us,

Whend =35h =3, f =28andq=0.9, system (9) exhibits chaotic behavior as shown in Fig.1.

Fig.1. Three-dimensional plot of the trajectory of the fractional-order Chen system

We first choose the scaling factor and the scaling function matrices to be diagonal matrices as
the following:

B 0 0 gt) 0 0O
=0 B 0], Mit)=| 0 ¢4 O
0 0 B 0 0 4

Theorem 1 For the given constant scaling factors B=123) and the scaling

functions #(D(1=12.3) " ne adaptive mixed synchronization will be achieved by the following
controller and the adaptive law of the unknown parameters as

w=%ﬂﬁ%mn%qr&wfn>

uz=§{Dﬂ@aw»—%n—(f—®yﬁmn—fm ®)

2

1 -~
Us =_[D*q (¢3(t)X3) - 83)]— YiY, + hya'
B
D*qed = ﬁl(yz - yl)el _ﬁz Y1€,
D*qef :ﬂz(y1+y2)e2 (9)
D*qeh = _:Ba Y4€s-
Where & =d-d:&=h=he =T-T 00 the corresponding parameter errors.

The predictor-corrector algorithm is utilized to solve the differential equations with
fractional-order. The simulation results are described as follows:
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Fig.2 (a) Time evolution of errors (b) Time evolution of parameters estimation for system (9).

4. Conclusion

In this paper, the mixed function projective synchronization of chaotic systems with uncertain
parameters is discussed. By means of the stability theory and the adaptive control technique,
synchronization schemes are derived via an appropriate controller and the adaptive laws to realize
the mixed function projective synchronization for chaotic systems. Numerical simulations show that
the effectiveness and feasibility of the controllers and the parameter identification laws.

Acknowledgement

This work is supported by the National Natural Science Foundation of China (NSFC) under the
grant No. 11702195.

References

[1] X.Wu, J. Li, Chaos control and synchronization of a three species food chain modelvia Holling
functional response. Int. J. Comput. Math. VVol.87(2010), no.2 p.199-214.

[2] L.X. Yang, J. Jiang, Adaptive synchronization of drive-response fractional-order complex
dynamical networks with uncertain parameters. Commun Nonlinear Sci Numer Simulat, Vol.19
(2014), p. 1496-1506.

[3] Hu L, Tang L, Wen P, et al. Research on Fault Location Algorithm with Traveling Wave Based
on Determinant of Matrix A[J]. Journal of Applied Science and Engineering Innovation, 2018, 5(3):
73-79.

[5] S.H. Chen, J.H. Lu, Parameters identication and synchronization of chaotic systems based upon
adaptive control. Physics Letters A, V0l.299(2002), no.2,p.296-303.

[6] Li R, Yu R, Wang X. Information Resources Sharing Security in Cloud Computing[J]. Journal
of Applied Science and Engineering Innovation, 2018, 5(3): 65-68.

[7] S. Wang, Y. Yu, M. Diao, Hybrid projective synchronization of chaotic fractional order systems
with different dimensions, Physica A,Vol. 389(2010)p.4981-4988.

-169--





