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Abstract: In recent years, the move to green energy systems for power
generation has greatly increased, and Wind Energy Systems (WES) are
among the most efficient natural resources. Various control
techniques can be employed to improve the amount of power
generation and control the system's inverter. This paper implements a
new Model Predictive Controller (MPC) for the Wind Energy Conversion
System (WECS), which is connected to the grid. The system has wind
energy as its input, and its AC source is converted into DC by a
rectifier. A boost converter is injected for a constant and boosted DC
output voltage from the rectifier, which is then converted to an AC
supply by an inverter, controlled by MPC, and then connected to the
grid. The proposed system is designed and simulated using the
MATLAB tool. The results are verified, and the control technique is
very efficient, enhancing system stability for the power generation in
WECS.

Keywords: Wind energy system, MPC controller, boost converter, wind
turbine, pitch angle and grid-connected system.

I. INTRODUCTION

Researchers are focusing their efforts on finding ways to boost the power
output of each individual wind turbine as the market for wind power continues to
expand. Since of this, wind energy is far more appealing than other forms of
renewable energy because it is both inexpensive and kind to the environment [1].
As a wind turbine increases in size and its construction becomes more flexible,
the cost of generating one unit of power drops, leading to a lower overall cost. The
quantity of kinetic energy that can be extracted from the wind via the use of
WECS [2] is then transformed into electrical energy. The WECS is a complex
system that draws on the knowledge and experience of engineers specialising in a
variety of fields, such as mechanical, aerodynamics, electrical, and civil
engineering. The primary elements of a modern wind turbine are the nacelle, the
tower, and the rotor. These elements are responsible for housing the transmission
mechanism and the generator. [3]
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The rotor of the wind turbine consists of two blades that are mechanically
attached to an electrical generator. This generator is used to gather the kinetic
energy that is created by the wind. Because it is able to transform the slower
rotating speeds of the wind turbine into a more astounding speed of rotation on
the electrical generator side, the gearbox is a vital component of the mechanical
assembly [4]. The rotation of the shaft of the electrical generator, which is driven
by the wind turbine, results in the production of electricity, which is then
regulated and monitored to ensure that the output satisfies the requirements.
These control systems have safeguards built into them to protect the whole
system and monitor the outcome [5].

It would seem that wind turbines are the most widely used WECS, and
many people anticipate that in the not-too-distant future, these turbines will be
able to compete financially with power plants that rely on fossil fuels. However,
technological advancement is necessary in order to bring down the cost of
producing electricity. Control might prove to be rather useful in this scenario [0]
since it has the potential to lower the cost of energy by keeping the turbine's
efficiency close to its maximum potential. They have the ability to reduce the
amount of structural stress and increase the lifespan of the wind turbine. There is
a wide variety of ways available for regulating wind turbines, ranging from the
more conventional control methods to the more contemporary control methods [7-
8].

The most significant drawback is that the resulting system is very
nonlinear, which calls for a nonlinear management strategy to be implemented in
order to bring it to its most efficient point of production. Numerous research are
now being conducted on the topic of wind power system control. Control strategies
such as fuzzy logic systems, adaptive PID controllers, and adaptive neural
network control, amongst others, are examples of those that have been proposed
as potential solutions. In the last several decades, a number of other predictive
control systems, such as model algorithmic control (MAC), generalised predictive
control (GPC), and dynamic matrix control (DMC), have been described [9]. In
spite of the fact that they are capable of high regulated system performance, only
few of them have been implemented in drive applications or electrical devices
owing to the enormous amount of computing power that they need [10].

Controlling the WECS and resolving design concerns are accomplished via
the use of model predictive control (MPC) in this article. To accomplish the control
goals, the recommended approach makes use of a solitary cost function across the
board for the various operating modes [11]. This trait makes the controller
approach easier to understand when compared to cascaded multi-loop controllers.
The MPC family of controllers is a powerful group of controllers that makes use of
a system model to forecast future behaviour and choose the most appropriate
control action [12-13]. As a consequence of this, the approach takes use of
conventional control methods, such as an wuncomplicated framework for
incorporating operational limits and multiple goals into the MPC cost function.
Because of the tremendous advances that have been made in fast digital signal
processors [14], MPC is becoming an alternative that is more desirable for
applications involving power devices and motorised drives.

The suggested system includes a boost converter, which can bring the
voltage from the input up to a higher level. This converter is included into the
system so that a greater amount of electricity may be generated by the system and
sent to the grid [15]. The boost converter is a kind of DC-DC converter that
maintains a steady output voltage while simultaneously increasing the input
voltage. After that, it is fed into an inverter, which is controlled by the MPC
controller, and the resulting output is an AC supply. Finally, the system is linked
to a grid.
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II. PROPOSED SYSTEM

In this paper, WECS is controlled by an MPC controller, and wind energy is
given as an input to the system. The power generated depends on the speed of the
wind and the pitch angle. The motor is connected to the turbine to generate
electricity. The generated AC source from the WES is converted into a DC source
by a rectifier, which can be utilized for DC power applications. The DC voltage is
increased by a boost converter, which can be used for high power generation.
When operating at low-speed conditions, the boost converter increases the voltage
more than the input; thus, the load meets the specified requirements without
interruptions. The block diagram of the MPC-controlled WECS system is shown in
Figure 1.
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Fig. 1 Block diagram of the proposed WECS with MPC controller

The increased DC output voltage of the boost converter is fed to the
inverter for converting DC into an AC supply. The inverter gate signals are
controlled by the MPC controller, which operates from the feedback signals of the
inverter. Then the system is connected to the grid for various purposes.

A. BOOST CONVERTER

The boost converter consists of two or more switching devices and one or
two energy-storing elements. The DC input is connected to an inductor, a
switching device like a MOSFET is connected in parallel to the input, and a diode
is connected in series to the inductor, which combines a capacitor across a load.
The switching operation occurs by varying the duty cycle, and by changing the
inductance polarity, the energy is added to the capacitor side. Thus, the output
voltage is greater than the input voltage. This converter increases and provides a
constant DC output voltage. The circuit diagram of the boost converter is shown
in Figure 2. The inductance and the capacitance values should be calculated via
equations.
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Fig. 2 Circuit diagram of the boost converter

B. MPC CONTROLLER

Because of the advancement of digital microcontrollers, the use of MPC for
power converters has expanded. This control approach requires many
computations over short sample durations when used to manage power converters
and drives.
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Fig. 3 Block diagram of FCS-MPC controller

J represents the various switching states of the converter. To minimize the
consequences of the delay produced by the deployment of FCS-MPC on a digital
platform, executing the two-time forecast steps is advantageous. Another option
for avoiding the impact of the computing delay is to employ a control method that
only takes a short amount of time to compute. With this tiny delay and before
another sampling moment, the best switching state is given to the converter.

III. SIMULATION AND RESULTS

A multi-variable system is a wind turbine. As a result, a model-based
controller design technique is a useful because it may systematically construct a
controller to address the multi-variable control problem. As a result, it's no
wonder that the use of MPC in wind energy applications has grown in popularity
in recent years. The Simulink model of the system is shown in Figure 4.

4



Int. J. Adv.Sig.Img.Sci, Vol. 8, No. 1, 2022

Fig. 4 Simulink model of WECS with MPC controller

Many have shown that using an MPC approach to design a controller can
lead to better mitigation of load and optimal power tracking than a PI approach;
this is important because the proportional-integral method is still widely used in
the industry. Because actuator restrictions are readily included in the cost
function optimization, an MPC method may take a thorough overview.

The WES generates the power and is then converted into a DC source for
increasing the voltage using a boost converter in the system. The high DC voltage
is again converted into an AC source, and the operations are controlled by an
MPC controller for better system performance and higher efficiency. To verify the
results, the Simulink model is simulated in MATLAB. The DC output voltage is
converted from generated three-phase AC power of the WES using a three-phase
rectifier. The results are shown in Figure 5, and the obtained DC output is 40.8 V.

Fig. 5 DC output voltage of the generator side rectifier
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A boost converter is attached to increase the DC voltage from the rectifier
to achieve continuous voltage even at low wind speeds. The boost converter DC
output voltage is shown in Figure 6. From the results, the boosted DC voltage is at

93.5 V.

Fig. 6 DC output voltage from the boost converter

The generated AC source of the WES is obtained in the grid-side inverter,
and the Simulink results show the voltage and current of the generated power
shown in Figure 7.

Fig. 7 Voltage and current source from the generated WES

IV. CONCLUSION

To meet the challenges in WECS, various control algorithms can be added
to the system for better results. In this paper, WES is controlled by a predictive
method called the MPC control technique. It is a method to achieve higher
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performance operation in various applications and is also used for controlling
electrical drives and machines. The suggested controller does not have any
parameters to alter and requires a system model to calculate predictions for the
controlled variables. Because the controller generates the gate-drive signals
directly, no modulator is necessary. An inner current-control loop enables the
output voltage to be regulated without using a cascaded control structure. This
allows the voltage control to have a quick dynamic response. A boost converter is
implemented to boost the generator side DC output voltage for generating higher
voltage under low wind speed conditions. The results are checked and prove that
the system is very efficient and enhances the overall performance of the WECS.
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