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ABSTRACT

In order to alleviate the great harm caused by traditional fossil energy to the natural environment, photovoltaic power generation has become a good choice for 
human available resources. In this article, the photovoltaic array is used as the object of research, and the maximum power point tracking (MPPT) control algorithm of 
the photovoltaic array is used as the main research line. The photovoltaic array simulation model was simulated using the MATLAB/SIMULINK software to simulate the 
output characteristics. The following results were obtained. When the illumination intensity is fixed, the particle swarm optimization (POS) algorithm reaches the end 
condition after 0.015 s, stops the iteration, the photovoltaic array reaches the maximum power point, and the maximum power value found is 10.704 W, which is less 
than 1 W from the theoretical power value 10 W, with an error of 0.64%; this shows that the MPPT management approach based on the optimization algorithm has 
a positive effect. In the event of an immediate change in light, the particle optimization algorithm is re-optimized, with an optimization time of only 0.004 s, that is, it 
reaches the maximum power point and runs stably. This requires approximately 97% less time than the shock observation method and about 75% less time than the 
method required to increase the variable transmission, and the power curve is an almost smooth straight line. This shows that the PSO algorithm is able to quickly and 
accurately control the maximum power point in the event of a sudden change in lighting. The method optimized in this article is superior to the method of observing 
shocks in the case of stable lighting and sudden changes in light intensity also array and relatively high performance as well as high practical value.
Index Terms—Maximum power point tracking, particle swarm optimization, photovoltaic array, photovoltaic power generation.

3

22

Electrica 2022; 22(3): 403-409

I. INTRODUCTION

Increased use of greenhouse gases has led to a number of problems, including resource over-
heating and environmental pollution. Solar energy is attracting worldwide attention for its 
unlimited use of renewable energy. Photovoltaic power generation is a new generation promise 
of new energy in the world and is being developed rapidly [1,2]. In this article, the photovoltaic 
power generation system is taken as the object of research, and the maximum power point track-
ing (MPPT) control algorithm of the photovoltaic array is taken as the main research line. First, the 
development status of the photovoltaic industry, trends, and research status of MPPT algorithm 
for photovoltaic power generation system were introduced, and second, the structure and clas-
sification of photovoltaic system were introduced, and the working principle, classification, and 
mathematical photovoltaic cell model were analyzed. The photovoltaic array simulation model 
is established by the Matlab/Simulink software to simulate the output characteristics. Then, the 
MPPT control algorithms of several photovoltaic power generation systems are deeply analyzed 
and studied. Aiming at the shortcomings of conventional MPPT algorithm such as simple imple-
mentation, strong reliability, and high stability but poor control accuracy and poor response to 
environmental changes such as climate change, the MPPT control of the photovoltaic power 
generation system suggests the use of the particle swarm optimization (PSO) algorithm. The par-
ticle herd optimization algorithm has a powerful global search capability and high optimization 
accuracy. The design method and steps of PSO algorithm are introduced. The disturbance obser-
vation method, variable step conductance increment method, and PSO algorithm are simulated 
by simulation software [3,4]. Fig. 1 is a technical diagram of the method of controlling the maxi-
mum power of a photovoltaic power generation system based on a particle algorithm.

Content of this journal is licensed 
under a Creative Commons
Attribution-NonCommercial 4.0 
International License.

mailto:m.dil​shadc​se@gm​ail.c​om
http://orcid.org/0000-0003-3652-0633
http://orcid.org/0000-0001-5882-1141
http://orcid.org/0000-0002-2637-2975
http://orcid.org/0000-0001-9425-0294
http://orcid.org/0000-0002-6420-1675


Electrica 2022; 22(3): 403-409
Wang et al. Photovoltaic Power Generation Systems Using PSO

404

II. LITERATURE REVIEW

Develop the economy and keep pace with population growth, 
the contradiction between traditional petrochemical energy and 
economy and environment is becoming more and more promi-
nent, and the resources of primary energy such as coal and oil are 
becoming increasingly scarce. The limitation of primary energy 
and uneven regional distribution led to the imbalance of energy 
supply in most countries around the world, which has increasingly 
become the bottleneck of sustainable economic development [5]. 
According to the comparison of proved reserves of some primary 
energy between the world and China, China is a country with rela-
tively poor primary energy. At present, China’s energy situation is 
“rich in coal, less gas and poor in oil.” At the current rate of exploita-
tion of petrochemical energy, the coal reserves can be exploited 
for 70 years, the proved reserves of natural gas can be exploited 
for 33 years, while the proved reserves of oil for only 10 years [6]. 
In addition, the most worrying thing is that petrochemical energy 
will seriously pollute the human living environment in the process 
of consumption and use, and will also cause great damage to the 
environment in the process of mining and transportation [7]. As an 
endlessly usable, clean, pollution-free, widely distributed kind of 
energy, it has a wide range of development prospects and enor-
mous development potential [8].

As a huge energy resource, solar energy has great utilization poten-
tial. The energy emitted by the sun can reach the land surface with 
only one-tenth of the radiant energy within the scope of the earth. 
If it can be fully utilized, this energy is about tens of thousands of 
times of the current global energy consumption in a year [9]. The 
former is limited in application due to its relatively complex tech-
nology and only used for relatively large capacity, so there are few 
practical applications at present. Photovoltaic power generation has 
many advantages, such as being inexhaustible, inexhaustible, and 
pollution-free. It has become a hot spot for human beings to seek 
new energy. Photovoltaic power generation has the following series 
of advantages:

(1) The maintenance is convenient, and the conversion links are the 
least and the most direct: photons are directly converted into 
electrons. There is no conversion of thermal energy or mechani-
cal energy, and there is no mechanical movement. The form of 
power generation is very simple. And in theory, high electric 
conversion efficiency can be obtained.

(2) Infinity and wide geographical distribution: solar energy is inex-
haustible and inexhaustible and can be used indefinitely. Where 
the sun shines, there is solar energy.

(3) Clean and pollution-free: the solar light generates photoelectric 
effect by irradiating the photovoltaic array and is directly con-
verted into electric energy without combustion and emission, 
so as to achieve real green power generation [10].

From the point of view of electricity consumption, photovoltaic sys-
tems can be divided into two types: stand-alone and grid-connected, 
which is not limited to restricted areas and does not require addi-
tional electrical equipment, is a future improvement [11]. At pres-
ent, compared with the advanced technology of international large 
enterprises, there are still some gaps in China’s photovoltaic power 
generation technology. Therefore, our primary task is to develop rel-
evant technologies with self-intellectual property rights and realize 
their industrialization [12].

Since the 1990s, some industrial developed countries have built pho-
tovoltaic power stations ranging from 100 kilowatt to megawatt. In 
the 20th  century, the world’s photovoltaic industry has developed 
rapidly, mainly in two aspects: the continuous improvement of photo-
voltaic cell conversion efficiency and the increasing attention of coun-
tries around the world to photovoltaic power generation, especially 
the photovoltaic roof plan formulated by various countries, showing 
the infinite bright future of photovoltaic power generation [13].

1) Germany first implemented the “1000 roof plan” with financial 
support from the government in 1990 and then expanded 
to “2000 house project plan.” By 1997, more than 10000 grid 
connected residential photovoltaic roof systems have been 

Fig. 1. Maximum power tracking method and technology of photovoltaic power generation system based on particle swarm optimization 
algorithm.
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successfully built and 33 MW photovoltaic modules have been 
installed. In 1998, the German government put forward the “100 
000 roof plan,” which has been implemented since January 1999, 
and the total installed capacity of photovoltaic modules has 
reached 300 MW. According to statistics, about 320 MW photo-
voltaic power generation facilities were installed in Germany in 
August 2012, becoming the first country in the world to reach 
this level [14].

2) According to the statistics released by the Italian national 
electricity authority and the European Photovoltaic Industry 
Association, as of 2008, the cumulative installed capacity of pho-
tovoltaic power generation in Italy was only 710 MW. The pho-
tovoltaic industry, which is popular in Europe, has not produced 
much attraction in Italy. However, in 2009, Italy’s photovoltaic 
industry developed rapidly, with a cumulative photovoltaic 
installed capacity of more than 1.14 GW; solar power generation 
also increased from 190 GWh in 2008 to 670 GWh. By July 2011, 
it reached 9 GW, which has completely broken through the pre-
viously established total photovoltaic installed capacity, and 
achieved the development goal of 8 GW by 2020, becoming the 
second largest solar photovoltaic market in Europe, second only 
to Germany. However, the Italian government was not satisfied 
with such achievements and put forward the breakthrough 
photovoltaic development goal of realizing the total installed 
capacity of 23G W by 2016 [15].

3) The Japanese government has carried out the “Asahi 7-year plan” 
since January 1994, with a total installed capacity of 185 MW. In 
1997, the “70000 roof plan” was formulated and implemented, 
and the total installation of photovoltaic modules was 280 MW. 
The development goal set by the Japanese government is that 
the total installation of photovoltaic modules will reach 4.7 GW 
by 2010. In 2012, the installed capacity of photovoltaic in Japan 
was 1.398 GW; of which, civil photovoltaic systems accounted 
for 1.027 GW and non-civil photovoltaic systems accounted for 
only 371 MW. An analysis report on Japan’s solar energy indus-
try shows that Japan’s cumulative total photovoltaic installed 
capacity reached 7.6 GW by the end of 2012, ranking among the 
top three in the world, second only to Germany and Italy [16].

III. RESEARCH METHODS

A. Maximum Power Point Tracking
Solar cells are the most important link in a photovoltaic power gen-
eration system. In order to improve the power generation capacity 

of the whole system, it is necessary to make the energy conver-
sion of the solar cell to increase the energy output, provide point 
voltage, for example, photovoltaic. Maximum Power Point Tracking 
is called MPPT (Maximum Power Point Tracking) [17]. In a conven-
tional linear system shown in Fig. 2, the maximum power of the 
load can be obtained only by properly adjusting the load. In other 
words, the maximum power of the load can be obtained when the 
load is also equal to the internal resistance of the power supply 
system [18].

In Fig. 2, Ui is the power supply voltage, Ri is the internal resistance 
of the power supply, and R0 is the load resistance, so the power con-
sumed by the load is given in (1):
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If the internal resistance of the power supply system remains 
unchanged, the maximum output power can be obtained by this 
method of measuring the internal and external resistances. In pho-
tovoltaic power generation, the internal energy of solar energy is 
affected by light consumption and temperature, which are con-
stantly changing and have a negative effect. However, in a short 
time, it can be regarded as a linear circuit. Therefore, the principle 
of MPPT control in the photovoltaic array is essentially impedance 
matching [19].

B. Particle Swarm Optimization
Particle optimization is a powerful tool for function optimization. Its 
advantages include:

1) Particle swarm optimization algorithm is simple, without cross-
over and mutation operations. It only depends on the speed of 
particles to complete the search, and the convergence speed 
is fast [20]. Especially after introducing inertia weight, setting 

Fig. 2. Schematic diagram of linear circuit.
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parameters according to experience can speed up the conver-
gence speed of the algorithm.

2) Particle swarm optimization algorithm adopts real number cod-
ing, which can be solved directly in the problem domain, with 
less parameters to be set, convenient and simple adjustment, 
and easy engineering implementation.

3) Compared with classical optimization algorithms, the PSO algo-
rithm has strong advantages in solving nonlinear continuous 
optimization problems.

4) Another important feature of PSO algorithm is that each particle 
has memory, and the neighborhood operator can not destroy 
the searched better solution [21,22,23].

Firstly, initialize a group of random particles, each particle has two 
attributes of velocity and position, and then iterate to search for the 
optimal value. In the iterative process, the particle compares with 
two optimal values to update its speed and position. The first opti-
mal value is the optimal value searched by the particle itself at pres-
ent, which is called the individual optimal value, abbreviated as Pbest. 
Suppose there is a one-dimensional search space, a population of 
particles, which is recorded as formula (3):

X x x xi i i id� � �1 2, , ,�  (3)

The “flying” velocity of the third particle is also shown as a one-
dimensional vector, denoted by equation (4):

V v v vi i i id� � �1 2, , ,�  (4)

The individual optimal value found from the ith particle to the cur-
rent time is recorded as equation (5):

P p p pi i idbest � � �1 2, , ,�  (5)

The global optimal value found by the whole population to the cur-
rent time is recorded as equation (6):

G p p pg g gdbest � � �1 2, , ,�  (6)

After searching these two extreme values, particles update their 
velocities and positions according to (7) and (8). Assuming that the 
search space is one dimension, the renewal equation of the i-th 
particle velocity v i

k+1  and position x i
k+1  in the k+1-th iteration is as 

follows:
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Pi and Gi have the following definitions, namely formula (9) (10):

P
P f X f P
X f X f Pi

i i i

i i i
�

� � � � �
� � � � �

�
�
�

��

,
,

 (9)

G max f P f P f Pi N� � � � � � �� �0 1, , ,�  (10)

When vi > Vmax, take vi = Vmax; When vi < Vmax, take vi = Vmax.

w: inertia weight; k: number of iterations.

IV. RESULT ANALYSIS

A. Simulation Results
1) Fixed Light Intensity
Set the constant light intensity as 1000 W/m2 and the constant 
temperature as 25°C. Figures 3-5 show the output power of the pho-
tovoltaic array of disturbance observation method, variable step con-
ductance increment method, and PSO algorithm, respectively [24]. 
From Fig. 3, we can see that the observed shock is near the maximum 
energy after 0.25 s, and it is true that the energy output of the array 
fluctuates on both sides of the height maximum power point when 
the power output is stable. Figure 4 shows  the output curve using 
a differential phase transmission method. The  output power value 
is 109.446 W, which is less than 1 W from the theoretical maximum 
power 110 W. It shows that the variable step conductance increment 
method has good accuracy, takes 0.018 s, and has good rapidity.
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Fig. 3. Output power of disturbance observation method.
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Fig. 4. Output power of variable step conductance increment 
method.
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Fig. 5 shows the output power curve of photovoltaic array controlled 
by MPPT based on PSO algorithm. The change of corresponding out-
put power is shown in the figure. The optimization starts to iterate. At 
0.015 s, the algorithm reaches the end condition, stops the iteration, 
and the photovoltaic array reaches the maximum power point. The 
maximum power value found is 10.704 W, which is less than 1 W from 
the theoretical power value 10 W, with an error of 0.64%. It shows 
that the MPPT control method based on PSO algorithm has good 
accuracy. The optimization time of the algorithm is 0.01 5s, which is 
the same as the variable step conductance increment method and 
much faster than the disturbance observation method, indicating 
that the convergence speed of the algorithm is very fast [25,26,27].

2) Sudden Change of Light Intensity
Set the temperature as 25°C, and Figs. 6 to 8 show the output 
power curve of photovoltaic array using different algorithms when 
the light intensity changes from 100 W/m2 to 600 W/m2. From 

Fig. 6, we can see that when the light intensity changes from 0.5 s 
to 600W/m2, the disturbance observation method reaches near the 
maximum power point (MPP) again after 0.13 s disturbance and 
oscillates. Although the disturbance observation method can track 
the MPP, oscillation near MPP will lose a certain power value and 
reduce the working efficiency and service life of solar panels. In 
Fig. 7, when the illumination changes suddenly at 0.1 s, it runs sta-
bly after 0.015 s, and the power curve is an almost smooth straight 
line; this suggests that the additional process of variable conver-
sion is faster and is controlled at the maximum feed allowed.

Figure 8 shows the output power change curve corresponding to 
the particle optimization algorithm in the event of a sudden change 
in light. The light intensity suddenly changes to 600 W/m2 in 0.1 s 
reached capacity. The point stability is much shorter than the time 
required for the fault observation method and the variable phase 

0.00 0.02 0.04 0.06 0.08 0.10
0

20

40

60

80

100

120

P/
W

time/s

Fig. 5. Output power of particle swarm optimization algorithm.
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Fig. 6. Output power of disturbance observation method under 
sudden illumination change.

Fig. 7. Output power of variable step conductance increment 
method under sudden illumination change.

Fig. 8. output power change curve corresponding to the particle 
optimization algorithm in the event of a sudden change in light.
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increase method, and the power curve is almost uniformly straight. 
This shows that the PSO algorithm is able to quickly and accurately 
control the maximum power point in the event of a sudden change 
in lighting.

V. CONCLUSION

After reading several books and analyzing the depth of the prin-
ciples of maximum energy management of photovoltaic systems 
and the principles of optimization algorithm, this paper uses a par-
ticle optimization algorithm for MPPT to control photovoltaic power 
generation. The system of nonlinear characteristics of the output 
characteristics of photovoltaic array, it improves accuracy control 
and integration to maintain maximum power. By studying the char-
acteristics of photovoltaic equipment to compare the algorithms 
commonly used to control the maximum power in a photovoltaic 
system, including monitoring failure, increase efficiency trans-
mission, improve transmission efficiency, and their effectiveness. 
Although the MPPT algorithm is simple to use, it has certain down-
sides, such as poor precision control and a poor capacity to adapt to 
environmental changes, such as climate change. Maximum power 
point tracking control introduces the use of particle optimization 
algorithm. The accuracy is very high, has developed the design and 
steps of the particle herd optimization algorithm, and developed 
the simulation model of the photovoltaic generator to measure 
the speed and accuracy of the MPPT controlled particle optimiza-
tion algorithm. It can control the power point quickly and accurately 
when the light changes and immediately change the light intensity.
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