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Hybrid adaptive intelligent controller design using quantum wavelet neural
networks for trajectory tracking control in finite dimensional closed quantum
systems

Zeinab Sahebi, Majid Yarahmadi®

Department of Mathematics and Computer Science, Lorestan University, Khorramabad, Iran
* P.0.B. 465, Khorramabad, Iran, yarahmadi.m@Iu.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, a new hybrid adaptive intelligent controller is introduced to track a dynamic trajectory in
Received 30 October 2017 finite dimensional closed quantum systems. The problem of inherent singularities in control signals of
Accepted 09 January 2018 trajectory tracking in quantum systems leads to a sharp increase in control signal amplitude. As a result,

Available Online 25 January 2018 the amplitude of the large signal increases the control cost and control system instability. Consequently,

the large control signal amplitude increases the control cost and leads to instability in control system.

g?;vr:’&r:&dapﬁve Control Firstly, according to the Lyapunov stability theory, an adaptive controller is designed to track the
Quantum Wavelet Neural Network dynamic path. Then, to overcome the singularity drawback, a quantum intelligent controller is designed
Quantum Intelligent Control based on a quantum adaptive wavelet neural network with batch back propagation learning and
Quantum Trajectory Tracking combined with adaptive controller by a singularity observer. The proposed hybrid adaptive intelligent

Quantum Hybrid Controller controller by combining the adaptive and intelligent control signals adjusts the quantum state so that the

desired dynamic trajectory is traced effectively and simultaneously eliminates the effects of singularities
and reduces the control amplitude. The performance of the hybrid adaptive intelligent controller is
checked for step response tracking in a population transfer of a four-level closed quantum system. The
simulation results show that the introduced controller reduces the tracking error and significantly
decreases the number of singular points. Also, the control cost is reduced by effective adjustment of the
control signal’s amplitude.
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* Proportional-Integral-Derivative (PID)
° Duffing oscillator
® Electroencephalography (EEG)
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! Nuclear Magnetic Resonance (NMR)
2 Regulation
% Trajectory tracking control
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