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Abstract:

In this paper, the synchronization of fractional-order chaotic Lorenz and Chen systems using a constrained optimal
control approach has been investigated. The control algorithm consists of two operative loops where the instant
estimation of fractional order using a numerical optimizer is carried out through the inner loop, while the control laws
are generated using sliding mode control principal based on exponential reaching conditions. The proposed method to
estimate the fractional order is based on forming linear regression for the fractional order equations of the Lorenz and
Chen systems. The proposed algorithm has high performance in the presence of fractional order uncertainty in
comparison with robust control approaches.
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1. Motivation of the work

Due to the increasing expansion of the modeling done
with the help of fractional dimension dynamics and
also the use of these dynamics in the design of control
systems, the need to analyze the behavior of fractional
dimension systems is felt more than in the past.
Analyzing the chaotic behavior of fractional dimension
systems is one of the practical and new topics in this
field. In recent years, chaos synchronization is an
important issue in nonlinear systems due to its
applications in laser physics, chemical reactors, secure
telecommunications, and cryptographic systems. In this
article, the combination of sliding mode control and
projection  recurrent neural network for the
synchronization of two chaotic systems of Lorenz and
Chen fractional order in the presence of uncertainty in
order was investigated and the proposed algorithm for
synchronization of chaotic systems was presented.

2. Contributions

In this article, the synchronization of chaotic systems

in the presence of uncertainty in fractional order by
combining sliding mode control and image feedback
neural network was studied. The appropriate
performance index was defined with the aim of linear
regression estimation. The upper and lower bounds of
the optimization variables were determined according
to the range of fractional order changes. The proposed
algorithm was designed in a suitable way so that it is
able to follow momentary changes in the order of the
fraction and in case of any uncertainty in it, it can
update the control rules correctly and with the help of
the neural network. In the proposed algorithm, there is
no need to know the nominal value of the fractional
order and the necessity of their being the same for the
leader and follower systems.

3. Procedures

In this article, the proposed algorithm consists of two
operational loops, inner and outer. In the inner loop,
the momentary estimation of the fractional order is
done with the help of a numerical optimizer, and in the
outer loop, control rules are created based on the
principles of sliding mode control and the final access
condition. The proposed approach to estimate the
fractional order is based on the formation of linear
regression equations for Lorenz and Chen's fractional
differential equations.

4. Finding

The simulation results showed that a robust control
method is not necessarily able to maintain its
performance against any type of uncertainty in a
dynamic model. While the method proposed in this
article is designed in such a way that it can show the
momentary changes in fractional order correctly with
the help of recurrent neural network. In the proposed
method, image performance is used in a constrained

optimization program, which has resulted in a simple
structure with high convergence speed for numerical
estimator and fast tracking of fractional order. The
guarantee of the convergence of the fractional order
estimator is by using the Lyapunov theory, which
enables the robust performance of the control system in
the presence of fractional order uncertainty.

5. Conclusion

In this article, the integration of image recurrent neural
network and sliding mode control was used to
synchronize two chaotic systems of fractional order
Lorenz and Chen in the presence of order uncertainty.
First, the discrete time equations of Lorenz and Chen
were described in the form of linear regression. Then,
appropriate performance indicators were defined to
estimate the order of deficits. By forming two bounded
order programming, image recurrent neural networks
were extracted. Control rules were determined based
on exponential access conditions. The simulation
results indicate the optimal performance of the
proposed algorithm in synchronizing chaotic systems
both in nominal conditions and in the presence of
uncertainty in order.
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