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Abstract. Changes in factors such as light intensity and temperature can cause fluctuations
in the power of photovoltaic cells. To solve this problem, this paper proposes a maximum
power point tracking strategy (MPPT) based on fuzzy control. According to the fuzzy
control algorithm, this paper determines the membership function and fuzzy rules, builds
a fuzzy controller, sets up a photovoltaic system, and performs simulation verification in
MATLAB/Simulink. The results show that, in terms of tracking speed, compared with the
commonly used Perturbation and Observation method, the fuzzy control is improved by
five times faster, and the method also has better smoothness and anti-interference.
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1 Introduction

Due to the development of society and technology, people’s demand for electricity is
increasing, coupled with the excessive consumption of traditional fossil energy and the
aggravation of environmental problems, people are focusing on clean energy, such as wind,
solar, tidal energy, etc.[1]. In recent years, with the development of technology, the proportion
of clean energy power generation has increased, and the proportion of photovoltaic power
generation has reached 3.1% at the end of 2019.

In photovoltaic power generation systems, the output characteristics of photovoltaic cells
are not only related to their own materials, but also to environmental factors such as temperature
and light intensity. Therefore, making the system run stably at the MPP is a key issue. The
current MPPT algorithms include Open Circuit Voltage method, Short Circuit Current method,
Perturbation and Observation method, Increment Conductance method, neural network control
method, fuzzy control and other intelligent algorithms [2-5].

At present, Perturbation and Observation method is widely used because of its tracking
speed is good and the simple structure, while the control accuracy is not high enough in some
situations and the tracking speed is not fast enough either.

The better improvement is the variable step size disturbance observation which has high
convergence stability [6].This algorithm is generated based on the mathematical principle that
the derivative of the MPP power point is 0. Although the performance of the algorithm is
optimized, the calculation of the maximum step size and speed factor is difficult, and sudden
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changes in the environment produce dead zone convergence. Literature [7, 8] proposed an
optimization algorithm for the variable step size perturbation and observation method, but it is
unavoidable that the model is too complex and affects real-time response.

However, currently, most MPPT strategy use the same method to track the point. It is to
control the DC/DC convert circuit by changing the duty cycle, the output power can stable at
MPP [9, 10]. The fuzzy control method has high control accuracy and fast tracking speed, but
the complex structure of the algorithm is also complicated [11].Recently, fuzzy control has
become a popular research in the control engineering. The fuzzy logic controller has made itself
available not only in the laboratory work but also in industrial applications, such as the cement
kiln control and the servo hydraulic cylinder position control [12]. The controller can be
regarded as a set of heuristic decision rules derived from the experienced operator.

The main advantages of fuzzy control are no mathematical formulation of the system is
needed and linguistic variables and approximate reasoning are used to describe the inexact
objects and achieve multi-objective control [13].The main work this paper done is design a
fuzzy logic controller to adjust the duty cycle so as to control the power electronics. The core
of a fuzzy logic controller is to establish fuzzy tables and fuzzy rules [14, 15]. Fuzzy rules are
usually summed up by expert experience, engineering experience and practice [16]. This paper
improves the membership function and the fuzzy rules based on the traditional fuzzy control
method.

The overall methodology for planned research is organized as follows: Section 2 introduces
the construction of photovoltaic cells and the system, Section 3 introduces the fuzzy control
method, Section 4 introduces the disturbance tracking method, and the final section compares
and draw conclusion.

2 Photovoltaic cells and the system

2.1 Photovoltaic cells

Photovoltaic power generation is a power generation system that uses the photoelectric
effect to convert solar energy into electrical energy. It has the advantages of high reliability,
cleanliness, and grid connection, and is favored by all over the world. The structure of the
photovoltaic cell is similar to the PN junction. When there is light, it will generate voltage.
According to its principle, the equivalent circuit of the photovoltaic cell can be obtained, as
shown in Figure 1.

According to the paper [17, 18] and the equivalent circuit diagram, the I-V equation can be
obtained -
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Fig. 1. Photovoltaic cell equivalent circuit diagram

The above is an engineering model, which will be affected in the actual environment, so it
needs to be corrected.

Vi =V @ = cAT) (1 + bAS) @)
V.=V (L= cAD) (L + bAS) (5)
. =151 aam) (6)
7. =[§—5<1+au> 7)

0

Standard battery temperature: Ty = 25°C; standard light intensity: Sy=1000W/m?; constant
a=0.0025/°C, b=0.5, C=0.00288/°C, the parameters of the photovoltaic cell selected in this
article are: V,.=38.3V, V,,=31.2V, 1,.=9.29A, 1,=8.70A, P=270W. Based on the formula and
these parameters, the photovoltaic cell is modeled shown in Figure 2. And the simulated P-U
curve under different light intensity and the same temperature is shown in Figure 3.

2.2 Photovoltaic system

In the smart micro-grid, distributed power generation is the core, and there are many
distributed power sources. Nowadays, photovoltaic systems are widely used. In addition to the
structure of the photovoltaic cell, the external environment has a great influence on it. The main
influencing factors are light intensity and temperature. Under different external conditions, there
will be different characteristic curves, and in each case there will be a maximum power point.
The power point is very important to ensure that the system runs at the maximum power point
as much as possible [19]. The photovoltaic system studied in this paper is mainly based on
changing the duty cycle of the power electronic devices of the DC/DC converter. The simulation
model of integrated MPPT control is mainly composed of photovoltaic cell modules, DC/DC
convert circuit, MPPT control module and PWM module, and the voltage and current detection
circuit. When the output voltage and current of the photovoltaic cell are measured, they are sent
to the MPPT module. The MPPT controller performs optimal output and serves as the input of
the PWM module to make the PWM adjust the duty cycle of the switching device of the DC/DC
circuit to stabilize the photovoltaic cell at the maximum power output state.

The composition of the photovoltaic system is shown in Figure 4. And the simulation in
SIMULINK of the system is shown in Figure 5.



Fig. 2. Photovoltaic cell model
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Fig. 4. The composition of the photovoltaic system
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Fig. 5. The simulation of the photovoltaic system

3 Perturbation and Observation

The principle of the perturbation and observation method is to perturb the voltage, and
then control the system according to the change of the power before and after the
disturbance point [20].If power increases, the disturbance continues in the same direction;
if the power decreases, the disturbance is applied in the opposite direction. Figure 6 shows
the model of the P&O control method with fixed step in MATLAB/Simulink.

The perturbation and observation method used to increase or decrease the voltage at a
fixed step length, and constantly compare the power after the voltage change. However,
due to the inherent contradiction between the response speed and stability caused by the
setting of the step size, the variable step size perturbation and observation method like
Figure 7 was developed later to collect the current and voltage values, calculate the power
difference between the power value and the sampling points before and after, set the
disturbance coefficient, In the early stage, use a large step size to approach quickly, change

Fig. 6. The model of the P&O with fixed step



Fig. 7. The model of the P&O with variable step

the step size in the later stage, use a small step size, and then use iteration to make the step
size smaller and smaller, which can quickly stabilize the MPP and minimize the amplitude.

4 Fuzzy Logic Control

Human thinking mainly relies on conceptual patterns and thinking images, rather than
quantity, but the basis of computer work is just the opposite. Natural language, which is the
shell of human thought, naturally has a silent house type, which computers cannot understand.
Fuzzy control is based on the combination of fuzzy theory and fuzzy logic reasoning. It converts
the knowledge and control experience expressed in expert language into mathematical functions
through fuzzy theory and then uses computers for processing.

As the complexity, non-linearity, hysteresis and coupling of control objects increase,
people's ability to acquire accurate knowledge is relatively reduced, and the possibility of using
traditional precise control is also reduced, and fuzzy control has emerged. Fuzzy logic control
(FLC) is a kind of language logic controller, which includes: Data acquisition- Fuzzification -
Fuzzy rule logic reasoning- Defuzzification-output and other processes [21] shown in Figure 8.
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Fig. 8. Fuzzy controller schematic diagram



In physical systems, it is sometimes difficult to describe a complex system using the
linearization or identification techniques. Takagi and Sugeno used fuzzy implications to express
a complex system which is called the fuzzy model. In general, the construction of the fuzzy
model is based on physical properties of the system, the input-output data, and the corresponding
empirical knowledge and so on.

When designing the fuzzy controller, dP/dV,AdP/AdV is obtained as the deviation £ and
the deviation change rate £C through continuous sampling of the output voltage and current of
the photovoltaic cell:

e(k):P(k)—P(k—l) (8)
U -UC-D
e(k) =e (k)-e (k-D )

After quantizing factors Ke and Kec, the input variables are mapped to the fuzzy controller,
and the output is obtained. Define 7 fuzzy subsets respectively to represent negative large,
negative medium, negative small, zero equal, positive small, positive middle, and positive large.
Their membership function is shown in the Figure 9 and Figure 10.

e = {NB, NI, NS, ZE, PS, PH, PB)
e, = {NB, NI, NS, ZE, PS, P, PB}
u = {NB, N, NS, ZE, PS, PM, PB)

NB il NS ZE PS PM PB

Fig. 9. The membership function of dP/dV,AdP/AdV
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Fig. 10. The membership function of D



Table 1. Fuzzy rules

EC NB NM NS ZE PS PM PB

E

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

A

Fuzzy Logic
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Fig. 11 The model of MPPT with fuzzy controller

The core of the fuzzy controller is the fuzzy control rules. This article establishes a fuzzy
rule table as shown in the Table 1. These rules are based on when the change of £ and EC causes
the output power to change, according to the fuzzy rule table, the output power returns to the
MPP. The establishment of the fuzzy control table is mainly based on experience, theoretical
analysis, and expert experience, among which expert experience is the leading source.

In this paper, the Mamdani model is selected as the fuzzy controller model, the input
membership function chooses the triangle, and the output membership function chooses the
Gaussian type, because the triangle and the Gaussian membership function have good
adaptability, and the operation is convenient and the performance is familiar. The input variable
selects the triangular membership function, and the output selects the Gaussian membership
function because of the convenience of calculation, which can improve the resolution, so that
the accuracy becomes higher and the error is reduced. The method clear to fuzzy conversion
chooses the larger and the smaller synthesis method, because the calculation is small and the
calculation speed is fast, the area-gravity method is used for the method of blur to clear
conversion, because although the calculation is larger, it is intuitive and reasonable, and it is
well-founded, more accurate.
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Fig. 13. The simulation of FLC

Build a model base on these parameters and math formula shown in Figure 11.

In order to compare the optimization ability of the fuzzy control method for the system, the
simulation model is used for simulation. Set the same simulation time to 0.16s, keep the
temperature constant at 25, and the initial light intensity to 1000, which will decrease to 800 at
0.1s for simulation. The Figure 12 shows the simulation of voltage, current and power of P&O
and Figure 13 shows the simulation of voltage, current and power of FLC (Fuzzy logic control).

The simulation results are shown in the figure. Two methods to track to the maximum
power point. The voltage fluctuation of the perturbation and observation tracking method is 5 volts,
the current fluctuation is 1.8 A, and it takes 0.022 seconds to regain the stable state; the Fuzzy
logic control tracking method, the voltage fluctuation is 3 volts, the current fluctuation is 1 A,
and it takes 0.005 seconds to regain the stable state.

5 Conclusion

This article uses the same photovoltaic model and only changes the control strategy for
simulation. It can be seen from the simulation results that both methods can finally reach the
maximum power point, indicating that the two algorithms meet the functional requirements, but
the performance is quite different. The results show that the output current, voltage and power
using the perturbation and observation method will fluctuate after being stabilized, and it will
be slow to reach a stable state. This is caused by its own structure, but the output current, voltage
and power obtained by the fuzzy control method although there are fluctuations, the fluctuations
are relatively small, that is, the so-called smoothness is good, and the speed to reach the optimal
solution is also shorter, which shows that the tacking speed is good. When encountering a
sudden situation, in this article, which is, when the external conditions suddenly change, it takes
longer for the perturbation and observation tracking method to reach a stable state again than
using the fuzzy logic control method, so the anti-interference ability of the fuzzy control method
is much stronger.

It can be concluded that fuzzy control is more suitable for nonlinear time-varying systems.
Considering the actual project, the external conditions of the photovoltaic system are changing



all the time, so the fuzzy control method is more suitable for actual projects. Although the fuzzy
logic control system has the above advantages, the design of a fuzzy controller is based on trial-
and-observation procedures and there is still no analytical tool to analyze the stability of the
fuzzy control system. And the actual cost of the fuzzy control method is relatively higher, which
is a problem that needs to be solved in the future. These factors hinder the engineering
application of fuzzy control.
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