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Abstract

In this paper, a new control approach for robust synchronization of chaotic systems with uncertainty,
unknown parameters such as indefinite time delay and external disturbances is presented. Uncertain time
delay as an important factor that increases the complexity of the control problem and overcoming it is
stated in this article. By using the structure of nonlinear proportional-integral-derivative controllers of
fractional order, a sliding surface of fractional order has been introduced to design the control strategy
of the said sliding mode. Then, using Lyapunov's theory, robust adaptive rules are designed in such a
way that the estimation error of the unknown parameters of the fractional order system with an indefinite
time delay tends to zero by the proposed control mechanism. Also, by using Lyapunov stability standard
the stability analysis of the proposed robust control approach has been proved. Finally, the performance
evaluation of the proposed mechanism, the synchronization of two Jerk chaotic systems with uncertainty
along an indefinite time delay and disturbance, has been simulated by the presented control approach,
the results of which show the robust and favorable performance of the simulation.
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Figure (1): Chaotic behavior of master and slave fractional order of jerk systems without controller, a) Three-dimensional phase diagram of
the master system, b) Three-dimensional phase diagram of the slave system.
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Figure (2): Behavior of master and slave state systems without controller, a) First state behavior of master and slave system, b) Second state
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behavior of master and slave system, c) Third state behavior of master and slave system.
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Figure (3): Synchronization error of master and slave systems using the proposed mechanism and applying control signal at the time t=25, a)
Synchronization error of the first state of master and slave systems, b) Synchronization error of the second state of master and slave systems,

¢) Synchronization error of the third state of master and slave systems.
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Figure (4): Control signal based on the proposed mechanism
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Figure (5): Estimation error of uncertainty, disturbance bounds and time delays, a) Uncertainty limit estimation error in master system, b)

Uncertainty limit estimation error in slave system, c) Estimation error of disturbance limit in master system, d) Estimation error of
disturbance limit in slave system, €) Time delay estimation error in master system, f) Time delay estimation error in slave system.
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Figure (6): Uncertainties and disturbances applied to master and slave systems, a) Disturbance in the master system, b) Disturbance in the
slave system, c) Uncertainty in the master system, d) Uncertainty in the slave system
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