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Abstract

Today, due to the pollution of fossil fuels and the limitation of fossil energies, and the increase in
demand, the need for alternative and clean energy is felt more than before. One of the sources of
free energy supply in this regard is solar energy, which has received attention in the last few years.
With the increasing use of photovoltaic systems, the needs based on technical issues and
exploitation of this energy has increased. Since the electrical power supplied by solar systems
depends on the insulation temperature and the amount of radiation. Solar cells have an optimal
working point that is able to receive the maximum and improve the quality of the power that is
needed to obtain the maximum power from the photovoltaic system. The system needs a tracking
controller with maximum power. A fuzzy controller is used to control the maximum power of
photovoltaic systems. Based on fuzzy sets and fuzzy algorithms, fuzzy theory prepares a general
method of expressing language rules so that it is possible to process them quickly. In this research,
a photovoltaic system based on fuzzy control has been designed and implemented to improve the
quality of power from solar cells in the MATLAB software environment.
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1-Introduction

Solar energy is one of the sources in which renewable sources have been used significantly.
These sources are formed in low and medium voltage, which is among a set of renewable
energy sources such as wind and energy storage systems of this type [1-3].Today, solar energy
is used in many cases, such as battery charging, water pumping, and home energy supply. No
need for maintenance and repair as well as no pollution is one of the advantages of these
resources. But in some practical cases to feed the load, they need a dc/dc or dc/ac converter
whose output is the input of the dc/dc converter. By using the dc/dc converter and tracking the
maximum point, it is possible to absorb the maximum possible power from the inputs [4-
5].Then this power is sent to the inverter at its output so that this section can provide the desired
form of energy for the consumption of loads by changing the generated DC power to AC power
with the appropriate range and frequency. The inverter of this circuit is switched by the PWM
method in order to provide the possibility of adjusting the output voltage against average load
changes, the use of controllers is distributed in the network by providing higher quality power
[6-8]. Due to the use of new technology of renewable energy such as wind and sun,
management and optimal and safe use of the network has become one of the research priorities
of researchers in this field. Predicting the behavior of these resources and their optimal use will
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increase the efficiency of the system [9-10]. In ref [11], they performed a new method to
improve the efficiency of the solar system and maximize energy harvesting from photovoltaic
modules by using the maximum power point. One of the advantages used in the proposed
method is the fast and accurate implementation of the algorithm in the system. It was a design.
In the reviews, several experiments were studied and favorable results were obtained. In ref
[12], he presented an article under the title of obtaining the maximum power from a hybrid
system including photovoltaic, wind and fuel cell. The maximum power point was used in all
combined systems. Several distinct controllers were assigned for each system. In reference
[13], they investigated the maximum transmission power using genetic and fuzzy methods. In
reference [14], they investigated the types of intelligent methods (IMs) used in tracking the
maximum power point and their implementation in programming. In ref [15], they investigated
the maximum power received from the photovoltaic system. To get the maximum power from
photovoltaic, usually, the photovoltaic power system needs a series of controllers to get the
maximum power. In ref [16], they presented an article titled a combination of firefly algorithm
and P&O Algorithm. The firefly algorithm had faster accuracy and convergence than P&O.
The main advantage of the combination of these two methods was in obtaining the maximum
power from the effective photovoltaic system and favorable results were obtained from the test
of the desired system.

In reference [17], they presented an analysis between four algorithms for maximum power
point tracking (MPPT) with Boost DC/DC converter. In today's electricity grid [18], the use of
these sources has increased due to the limited power. By using these resources, it is possible to
use these resources in distribution networks [19-24] in buses that have a demand response.
When a direct connection is established between the load and the source, the output of the
photovoltaic module rarely has the maximum power and the working point is not optimal. To
solve this problem, the phase controller with a DC/DC converter between the load and the
source will be considered. It is used to compensate for the output voltage of the solar panel to
keep the voltage constant at a value that maximizes the output power. The maximum power
point phase controller measures the voltage and current at the output of the solar panel, then
the power at the output of the panel. The maximum power point tracker follows the new
modified maximum power point in the curve corresponding to each temperature or different
radiation intensity that occurs. In this research, a photovoltaic system based on phase control
with the maximum point and improvement of power quality from solar cells will be designed
and implemented in the MATLAB software environment and the results obtained will be
compared with other works done.

2- Photovoltaic systems connected to the grid

In order to strengthen the national power grid and prevent the electrical pressure on power
plants during the day, the use of photovoltaic systems connected to the national power grid in
a centralized or decentralized manner is one of the solutions to this problem. The power
produced in solar panels is passed through the buck-boost converter (Figure 1) and is delivered
to the grid by a DC-to-AC inverter [25-26]. [Today, photovoltaic systems connected to the grid
in many countries of the world are in small units from 1 kW to 5 kW Photovoltaic power plants
have been installed on the roofs of residential houses and in larger units.
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Figurel- Photovoltaic systems connected to the grid

The solar cell can be modeled as a parallel current source with a diode as shown in figure (2).
When there is no light to generate current, the solar cell acts as a diode.
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Figure 2- Equivalent circuit of a solar cell

From the point of view of semiconductor physics, the bridge is essentially a large P-N junction
diode. An ideal solar cell may be modeled with a current source parallel to a diode, which is

mathematically described with the 1-V characteristic as follows:
q(V+IRs) V+1Rs

=1, -1 (E nkT —1) Re (1)
In this relation, RS and RSH are the series and parallel resistances respectively, 1_L is the
radiation current, I_O is the diode current, k is Boltzmann's constant, q is the electric charge of
an electron, T is the temperature of the cell, and n is the ideal coefficient of the diode and the
nominal thermal voltage of the cell. No solar cell is ideal in practice, and series and parallel
resistors are also added to the model. The solar radiation flow |_L is also defined according to
the following equation:

G
I, = (Ipv,n + k1AT) G_ (2)
I_(Pv,n) is the current produced by the light signal of the photovoltaic cell and G is the radiation
on the device and G_n is the nominal radiation.

Isc,n + k1AT

lo = (Voc+k1AT)_1 (3)
exp avt

Figure (3) shows the buck converter of a DC to DC step-down converter. The operation of the
converter is relatively simple, with an inductor, diode transistors that control the current of the
inductor.
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Figure 3- Buck converter is a DC to DC step-down converter

The current-voltage curve of a sample solar panel is shown in Figure (4). As it can be seen, for
each point on the curve, there is a voltage and a current corresponding to it, which is not
necessarily the maximum current or maximum voltage. For example, at point E, the voltage is
max, but the current is zero, or for point B, the current is max, but the corresponding voltage
is not max. For optimal use of the energy produced by the photovoltaic panel, a point with the
highest current and voltage should be selected. Obtaining the optimal point is done by the
maximum power follower. Figure (5) shows the output power in terms of voltage for a
photovoltaic panel. By comparing the figure, it can be seen that the maximum power is obtained
at point C, which is the optimal point. The maximum power follower is actually a high-
efficiency DC-DC converter that adjusts its output voltage to an optimal value to obtain
maximum power. The maximum power tracker can play a very effective role on cloudy, cold
days or in the mode where the battery is used. Of course, in choosing the maximum power
follower, the cost and complexity should be considered. In cases where the photovoltaic units
are equipped with the maximum power follower, the output of the photovoltaic system is
directly related to the converter and the maximum power follower.
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Figure 4- Current-voltage curve of a solar panel
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Figure 5- power-voltage curve of a solar panel

3- Fuzzy logic controller

Creation of fuzzy logic membership functions, relational between input and output variables,
and the minimum number of inputs for fuzzy logic inference engine to be selected (usually
error and amount of error changes). Membership function
It determines the values of the input and output conditions used in the rules. The selection of
appropriate membership functions is sensitive because the output of fuzzy systems can be
changed by changing the parameters of the membership function. A membership function can
be defined as a curve that defines each point in the input space for a membership value.
According to the figure, the components of the membership function can be defined as follows
[27-28] (Figure 6)

1- The height or range is usually normalized to one.

2- The width or range depends on the function.

3- If the shoulder part is an external function, it keeps the height at the maximum.

4- Center point (the center of the shape of the membership function
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5- The overlap of Z&P and N&Z is generally around 50% of the range, but it can be less.
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Figure 6- membership functions

4- Designing a controller based on fuzzy logic

Fuzzy control for tracking the maximum point of power generation and invert switching is the
main point in designing a control method for photovoltaic connected to the grid. In general, the
controller system consists of three basic modules that pursue the following three goals:

A. Converter control - DC to DC for operation at the maximum power point in any weather
condition

B. Maintaining the bus voltage - DC inverter at the desired value

C. Power delivery to the network at a unit power factor that requires the same phase of current
and output voltage. -

The amount of solar radiation and the temperature of the photovoltaic cell are considered as
two weather variables.

In this section, a fuzzy controller with two inputs (power and voltage) and one output (one
output unit) is designed, Figure (7), (8), and (9). The main advantage of the fuzzy controller is
that it does not need accurate information about the system. Fuzzy model is used in the fuzzy
controller and if-then rules are used for the inference engine.

XX
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RULE3
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\
XX

CERROR
Figure 7-Fuzzy logic controller with two inputs and one output
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Figure 8- Input membership function for power
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Membership function plots
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Figure 9- input membership function for voltage

The appropriate domain for each period and the number of membership functions can be
defined based on experiments and system configuration. Figure (10) shows the output
membership function for the controller.

Membership function plots
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Figure 10- Output membership function
Table (1) shows the phase controller designed for the photovoltaic system based on the law.

Table 1- Rule base for fuzzy controller [29]

NB NM NS ZE PS PM PB
NB ZE ZE ZE NB NB NB NB
NM ZE ZE ZE NM NM NM NM
NS NS ZE ZE NS NS NS NS
ZE NM NS ZE ZE ZE PS PM
PS PM PS PS PS ZE ZE PS
PM PM PM PM PM ZE ZE ZE
PB PB PB PB PB ZE ZE ZE

5- The studied system

For testing, the single-line diagram of the studied system is shown in Figure (11). The
information on this model is given in Table (2).
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Figure 11- The studied system
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Table 2- information of the studied system

photovoltaic system power 200W
maximum voltage 27.61V
maximum current 7.61A
open circuit voltage 33.64V
short circuit current 8.21A
flow coefficient on temperature Ki=0.003
coefficient of voltage on temperature Kv=-0.123
Boltzmann constant 1.6e-19
number of cells in the series Ns =54

6- Simulation of the studied system

The Simulink model of the photovoltaic system is shown in Figure (12) and the phase controller
and buck converter are shown.
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Figure 12- Proposed fuzzy controller model

7- The results of the simulation

In this section, with the help of software, the implementation and execution of the designed
model, which was defined in the previous chapter, is discussed. In this section, the aim is to
investigate the variable factor of solar radiation intensity and temperature stability on the output
power and current from the solar panel. The temperature value is 25 degrees Celsius and the
radiant intensity is considered to be from zero to 1000 W/m2, which are shown in figure (13).
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Figure 13- Intensity of solar radiation

According to the governing relations and the simulation performed, one of the basic parameters
in the output power as well as the output current of a solar cell is the intensity of the sun's
radiation, which in the diagrams of figure (14) and (15) with the variable intensity of different
radiations, the amount of power The output and the output current can be seen. As it can be
seen, with the increase in the intensity of solar radiation, the amount of current increases and
the resulting power also increases, and at the final radiation intensity, which is 1000 W/m2, the
amount of current reaches the maximum amount and the resulting power. From the system also
reaches the maximum value. Figure (16) shows the amount of error and changes in power and
voltage based on the phase controller obtained by the Mamdani method, which works based on
the changes in power and output voltage of the source.

18 —k—k—\
16

14

12

o] 01 02 0.3 0.4 05 06 07 o8 09 1
Time (seconds)

Figure 14- Photovoltaic voltage value
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Figure 15- Photovoltaic current value
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Figure 16- Output power from the photovoltaic system

As it is known, after collecting the results of the rules, it is performed and obtained on the
output membership function, i.e. the maximum power. The maximum power point detector
system measures the maximum point of current and voltage with fuzzy control and then gives
these values to the fuzzy logic to obtain the maximum output. The meaning of the method of
inference in a fuzzy inference system is how the base of an input signal, the output value is
determined. The fuzzy logic output is applied to the input of the boost and buck converter and
then transferred to the load. In figures (17), (18) and (19) the results are shown based on the
fuzzy counter and it can be seen that the results are improved compared to the first scenario.
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Figure 17-Dual load voltage with fuzzy controller
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Figure 18- Dual load flow with fuzzy controller
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Figure 19- Dual load power with fuzzy controller

8-Conclusion

Considering the pollution of fossil fuels and the limited reserves of these fuels, countries are
forced to replace these sources of energy with other sources with less pollution, and the best
option among them is the use of renewable energies. Therefore, in the current research, the use
of solar energy has been analyzed and investigated. In this research, the effect of various
environmental factors such as solar radiation intensity and ambient temperature on the output
power and output current of the photovoltaic system with the fuzzy controller was investigated.
In order to improve the performance of photovoltaic systems, a fuzzy controller was
introduced. The fuzzy controller uses the rules and principles of the fuzzy logic language,
which is used by separately adjusting the voltage and power as input for the fuzzy adapter for
compatibility in the system.
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