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Summary:

This thesis presents a new control type using "fractional order PID" (FOPID) in voltage
regulation grid-connected PV system. FOPID controller is a natural extension of PID
controller that used widely in industrial applications. The FOPID system is able to balance
harmonic components and reactive power generated by the loads connected to the system.
This thesis discusses the tuning and implementation of FOPID in industrial applications. A
program has been developed to implement this controller in voltage regulation PV system
The optimization algorithms has been presented to tune the parameters of FOPID to obtain
the desired response with application in simulation program (MATLAB). Several
comparisons between the FOPID/FOPI with the classical PID/PI controllers show that the
proposed control strategy improves the efficiency of the system by decreasing the total
harmonic distortion of the injected current to the grid and increases the robustness of the
system against changes.

So simply, it can be said that FOPI and PI controllers have been successfully implemented
and show a relative improvement in the output response.
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Abstract

This thesis presents voltage regulation of photovoltaic system tied to the grid. There are four
controllers have been used; PID, PI, FOPID, and FOPI.

PV system is depending on converting the solar energy into electric energy by using
semiconductors. PV system generally consists of energy conversion that take the energy
source and transfer it to electricity, then it pass through energy inversion, and at the end it
goes to energy distribution according to the PV systems type.

"Proportional Integral Derivative" (PID) controller is being used in large space because it is
so simple in control and implementation. Simple controllers like PID controller are not
suitable for all processes. PID controller is suitable for processes with almost monotone step
responses on condition that requirements are not too tough. PID controllers are not fitting
for process that is extremely oscillatory.

Nowadays the researchers improve this type of controllers to get the system much better in
its transient response. This new controllers are called "Fractional Order Proportional Integral
Derivative" (FOPID). The implementation of this controller is not easy and it needs more
difficult mathematical equations description, so to make its implementation much easier a
computer programs is used like MATLAB program.

The PID controller has low robust ability compared with the FOPID controller when the
system has many challenges from the operating atmosphere of the system, for example
temperature and weather.

Controller parameters are attuned by using four methods of optimization techniques, which
are:

"Particle Swarm Optimization” (PSO),

"Adaptive Weighted PSO" (AWPSO),

"Adaptive Acceleration Coefficient PSO" (AACPSO),

"Modified Adaptive Acceleration Coefficient PSO" (MAACPSO).

Four objective function techniques are used in optimization. The good optimization is in
finding the parameters of the controllers such that the objective function is minimum.
Photovoltaic (PV) system is used as an application for comparing between those controllers.
By MATLAB / SIMULINK software, it has been implemented for comparing the output
response of the controllers for regulating the DC voltage of PV. The output results are
compared between FOPID/FOPI and the classic PID/PI controllers in simulation and
illuminated that the FOPI and Pl have been successfully implemented in PV system and
confirmed the relative improvement in the output response.

Keywords — PID, FOPID, Optimization methods, Objective function methods, PV system.



