
 

 

 
Abstract—The resonance phenomenon of photovoltaic 

power supply load makes the output voltage of 

grid-connected photovoltaic power supply system difficult 

to keep stable, which brings trouble to power supply. 

Therefore, it is necessary to study the automatic calculation 

method of load resonance frequency of photovoltaic power 

supply, so as to detect the load resonance frequency of 

photovoltaic power supply in real time, thereby ensuring 

the normal operation of photovoltaic power supply system. 

The load resonance frequency of photovoltaic power supply 

is divided into steady-state load resonance frequency and 

dynamic load resonance frequency. The mathematical 

model of load resonant circuit of photovoltaic power supply 

is established by calculating algorithm of load resonant 

frequency of photovoltaic power supply in steady state, and 

load resonant frequency of photovoltaic power supply in 

steady state is calculated. The resonance detection 

algorithm based on wavelet transform and Hilbert-Huang 

transform is used to analyze and calculate the load 

resonance frequency after detecting the resonance signal of 

photovoltaic power system. The experimental results show 

that the resonant frequency of photovoltaic power supply 

load calculated by this method is not much different from 

the actual resonant frequency of photovoltaic power supply 

load, and the error range is between-0.30% and 0.49%. 

Therefore, this method can keep the load resonance 

frequency of the photovoltaic power supply the same as the 

RF transmission resonance frequency, and can ensure the 

normal operation of the photovoltaic power supply. 

 

Keywords—Automatic Calculation, Load Resonance 

Frequency, Photovoltaic Power Supply, Wavelet 

Transform.  

 
 

I. INTRODUCTION 
With the progress of society and the development of science 

and technology, the problems of environmental pollution and 
energy shortage have become more and more serious. At 
present, China's focus on energy research is toward renewable 
energy sources such as photovoltaic power, because the 
grid-connected photovoltaic power will be widely applied in the 
future development of electricity. However, the continuous 
increase of the photovoltaic penetration rate will cause 
abnormality of the photovoltaic power supply, and affect the 
safety of the distribution network and reduce the quality of 
electrical energy [1]. 

In the past few years, photovoltaic power supply has been 
widely studied. Considering its stability, the equivalent circuit 
model is composed of diode, series resistance, parallel 
resistance and photocurrent generator. The optimal power 
conversion efficiency of the battery is determined to be 5% [2]. 
In order to improve the performance of photovoltaic power 
supply, the parameters of power supply materials are calculated 
by using density functional theory, and the pressure-temperature 
correlations of thermal expansion coefficient, bulk modulus, 
specific heat, Debye temperature and entropy Greennathan 
parameters are described, and the buffer layer has the highest 
efficiency, reaching 22.9% [3]. In the photovoltaic control 
system, the application of the maximum power point tracking 
method is the key factor to make the photovoltaic module run 
efficiently under shading conditions. The parameters of 
photovoltaic control are extracted by semantic web rule 
language, and an efficient photovoltaic system is realized [4]. 

In the grid-connected photovoltaic power supply system, due 
to the configuration of many electric power devices, the 
photovoltaic power supply has certain fluctuations, which 
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causes the load of the photovoltaic power supply in the 
grid-connected photovoltaic power supply system to contain 
more complex resonances. When the resonance frequency of a 
photovoltaic power supply is equal to the frequency of a certain 
harmonic frequency, resonance will occur in the photovoltaic 
power supply load in the grid-connected photovoltaic power 
system, which can cause the fluctuation of voltage and current in 
the grid-connected photovoltaic power supply system, make the 
system unable to operate normally, cause tripping, seriously 
affect the operation of the grid-connected photovoltaic power 
supply system, and reduce the reliability of the power supply 
system [5]. The effective method of automatic calculation of 
load resonance frequency of photovoltaic power supply can 
detect the load resonance frequency and amplitude of 
photovoltaic power supply in the steady or dynamic state, 
reduce the automatic tripping in the grid-connected 
photovoltaic power supply system, and ensure the smooth 
operation of photovoltaic power supply system. 

II. THE CALCULATION OF LOAD RESONANCE FREQUENCY OF 
PHOTOVOLTAIC POWER SUPPLY 

A. The algorithm for calculating the load resonance 

frequency of photovoltaic power supply in the steady state 

In order to reduce the complexity of the algorithm for 
calculating the load resonant frequency of the photovoltaic 
power supply in the steady state, this paper changes the 
topology structure of the converter in the photovoltaic power 
supply, transforms the components on the secondary side of the 
boosting transformer to the primary side, and places the 
components on the secondary side of the boosting transformer 
between the rectifier bridge and the resonant tank [6]. The 
simplified topology structure of the load resonance circuit of the 
photovoltaic power supply is shown in Fig. 1. 
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Fig. 1 the simplified topology structure of the load resonance circuit of 

the photovoltaic power supply 
In Fig. 1, the 

rL  is a series resonance inductance, the 
rC  is a 

series resonance capacitance, the pC  is a parallel resonance 
capacitance, the 0C  is a load capacitance transformed to the 
primary side of the transformer, and 0R  is a load resistance 

transformed to the primary side of the transformer. The 1 4Q Q  
represents inverters in different directions. In the load resonance 
circuit of photovoltaic power supply, when the resonance 
current in the circuit is continuous, the resonance frequency is 
less than the circuit switching frequency [7]. With this structure, 
the calculation model of resonant frequency of photovoltaic 
power supply load is constructed. 

The mathematical model of the load resonance circuit of the 
photovoltaic power supply is based on the following 
assumptions: (1) The components used in the photovoltaic 
power supply circuit are ideal. (2) Within one switching cycle, 
the output voltage 0U  of the resonant circuit and the DC power 
supply voltage 

inU  have clear values. According to Fig. 1 and 
the basic assumptions, in a switching cycle, the offset phase of 
the photovoltaic system is equal to the phase angle of the load, 
the time- domain equation of the resonant circuit can be 
obtained as follows: 
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Among them, ( )ri t  and ( )di t  are the reference current of the 
inverter and the inductive current at one side of the inverter at 
the moment of t, 

eru  is the output voltage of the capacitance, 

epu  is the output voltage of the inverter, and 
ABu  is the voltage 

of the common connection. Consider that phase without offset, 
0  . 

Through the formula of the differential characteristic of the 
dynamic vector in (1), the forward offset phase is increased, the 
model of the dynamic phasor of the resonant circuit of the 
photovoltaic power supply is obtained: 
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In the formula, 
r  is a dynamic change threshold, subscript 1 

is a component of a fundamental frequency, and subscript 0 is a 
component of a direct current. In order to reduce the tedious 
calculation, the duty cycle is set to a fixed value, and the 
switching power is set to a control variable, which enables the 
analysis of mathematical models [8] [9]. After adding 
positive/negative phase offset, the output power quality of 
photovoltaic power supply is almost unchanged. If the 
differential of the dynamic phasor in the differential equation in 
(2) is always equal to zero, the model for calculating the 
dynamic phasor of the resonant circuit of the photovoltaic 
power supply in the steady state is as follows: 
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In the formula, cpU  is the current dynamic voltage value. In 

the formula  
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, the subscript 

ss indicates that the variable is a constant value. On this basis, 
considering that the frequency offset direction of disturbance 
signal is opposite to that of load resonance frequency, there will 
be interference to power quality. Therefore, the load resonance 
frequency of photovoltaic power supply in steady state is 
obtained by applying unidirectional frequency offset 
disturbance signal: 
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Through the mathematical model of the load resonance 
circuit of the photovoltaic power supply, the load resonance 
frequency of the photovoltaic power supply in the steady state 
can be calculated [10]. Because photovoltaic power supply 
includes both steady and dynamic states, in order to calculate 
the load resonance frequency of the photovoltaic power supply 
in dynamic state, algorithms based on Wavelet Transform and 
Hilbert-Huang Transform need to be combined to calculate the 
load resonance frequency of photovoltaic power supplies in 
dynamic [11]. 

B. The algorithm for calculating the load resonance 

frequency of photovoltaic power supply in the dynamic state 

The resonance detection based on wavelet transform and 
Hilbert-Huang transform. In this paper, db wavelet function is 
used to analyze the resonance signal of photovoltaic power 
supply, and db35 wavelet is used to decompose the resonance 
signal, which can reduce the distortion of the resonance signal 
of photovoltaic power supply to the minimum [12]. And the 
wavelet function has the characteristics of good computation 
and smooth in time-domain. The sampling frequency and 
vibration frequency of the signal determine the number of layers 
of wavelet decomposition [13]. The 

sf  is defined as the 
sampling frequency and the 0f  is defined as the resonance 
natural frequency. The sampling theorem and wavelet analysis 
theory are used to decompose the resonance signal in the 
grid-connected photovoltaic power system. The variable can is 
defined as the low frequency signal in resonance signal, and the 

band range of candela is 10-
2

s

n

f


. In order to reduce noise in the 

resonance frequency, the scale o needs to meet the following 
requirements: 

012
s

n

f
f


  (5) 

The method of three-layer wavelet decomposition and 
frequency division of the Wavelet Transform used to analyze 
the resonance signal of the photovoltaic power system is shown 
in Fig. 2. 
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Fig. 2 three-layer decomposition of Wavelet Transform signals 

From Fig. 2, it can be concluded that after the first layer of 
wavelet is used to decompose the original resonance signal S at 
the load end of the photovoltaic power supply, it is divided into 
the high-frequency signal cd1 and the low-frequency signal ca1; 
After the second layer is used to decompose the low frequency 
signal ca1, the high-frequency signal cd2 and the low-frequency 
signal ca2 are obtained. According to the law, the 
low-frequency signals are decomposed in turn, and the 
high-frequency signals are discarded. This process continues 
until the three-layer wavelet decomposition is completed [14] 
[15]. 

Harmonics are not the same as resonance. Periodic distortion 
is the distortion of grid-connected current and voltage caused by 
the influence of harmonics, which will gradually increase in 
amplitude with the number of cycles. The basic idea of Wavelet 
Transform and Hilbert-Huang Transform is to use Wavelet 
Transform to analyze the original signal at the load end of the 
photovoltaic power supply, extract the approximate signal from 
the harmonics, and then obtain the approximate signal through 
Hilbert- Huang Transform, which can improve the efficiency of 
calculation [16]. After the calculation, the results are obtained 
through the Hilbert-Huang Transform calculation. The analysis 
shows that the resonance signal is a signal whose amplitude 
gradually increases during the period of the harmonic signal. 
The detailed process of online resonance detection based on 
Wavelet Transform and Hilbert Huang Transform is described 
as follows: 

(1) The synchronous sampling circuit is used to get the 
original resonance current or the original resonance voltage of 
the load end of the photovoltaic power supply in the 
grid-connected photovoltaic power supply system [17]. 

(2) The DSP platform is built to process the original signal. 
The original signal is analyzed by three-layer db35 wavelet 
analysis. The original signal is divided into two parts: 
low-frequency signal and high-frequency signal. Then the 
low-frequency signal is extracted. Among them, the 
transformed low-frequency signal includes a relatively 
comprehensive approximate signal in harmonics. 

(3) The Hilbert-Huang Transform is used to analyze Wavelet 
Transform and extract approximate signals in harmonics, which 
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is used to draw time-frequency curves and time-amplitude 
curves [18]. The two curves indicate the trends of the frequency 
and amplitude of the fundamental and harmonic components. 

(4) After Hilbert-Huang Transformation, it can be concluded 
that the amplitude of some harmonics gradually increases with 
the increase of the period. The frequency near this harmonic 
frequency is the resonance frequency. Wavelet Transform and 
Hilbert-Huang Transform algorithm can be used to detect 
whether there is a resonance signal in the photovoltaic power 
supply load of the grid-connected photovoltaic power system in 
a dynamic environment. If the resonance signal exists in the load 
of the photovoltaic power supply, we need to analyze and 
calculate the load resonance frequency of the photovoltaic 
power supply in the grid-connected photovoltaic power supply 
system. 

The analysis and calculation of the load resonance frequency 
of photovoltaic power supply. The structure of grid-connected 
photovoltaic power system is composed of inverter, filter 
device, power grid and photovoltaic array. The structure of 
grid-connected photovoltaic power system is shown in Fig. 3. 
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Fig. 3 the whole structure of grid-connected photovoltaic power 

system 
In Fig. 3(a), the 

sU  is the voltage of the power grid, the 
sL  is 

the grid inductance, the 1L  is the inverter, C is the capacitance 
in the filter, the 2L  is the inductance on the grid side, and the gi  
is the current on the grid side of the inverter. The PCC is the 
common connection. The grid-connected photovoltaic power 
system controls the current and voltage through the inverter. As 
shown in Fig. 3(b), the PI is the controller that controls the 
current, the pwmk  is the equivalent proportional coefficient of 

the inverter bridge, the refi  and 1Li  are the reference current of 
the inverter and the current of the inductance on the inverter 
side, the 

cu and 0u  are the output voltages of the capacitance 
and the inverter , and the pccu  is the voltage of the PCC. 
According to Fig. 3, the schematic diagram of the resonance of 
the photovoltaic power supply system is obtained, as shown in 
Fig. 4. The 2Li  is the current of the inductance on the grid side, 
and the n is the number of parallel devices of the inverters in the 
photovoltaic power supply. 
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Fig. 4 schematic diagram of resonance 

The calculation of load resonance frequency of photovoltaic 
power supply in dynamic state is based on Fig. 4, and the 
calculation result is as follows: 

1
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 (6) 

From (6), it can be concluded that under dynamic conditions, 
the load resonance frequency of the photovoltaic power supply 
is related to the number and parameters of the parallel inverters 
in the photovoltaic power supply. 

III. EXPERIMENTAL ANALYSIS 
MATLAB is used to build a simulation platform for 

grid-connected photovoltaic power. The paper simulates 10 
photovoltaic power supplies, and sets the parameters of the 
grid-connected photovoltaic power system as follows: The 
setting of the bridge arm inductance is between 3 mH and 4 mH, 
the value of the inductance is between 0.57 mH and 0.71 mH, 
and the sampling frequency is between 10.24 kHz and 12.8 kHz. 

A. The detection of voltage resonance waveform of 

photovoltaic power system 

The method in this paper is used to detect the resonance in the 
photovoltaic power supply in the simulation. It detects the 
waveform of the resonance voltage at the load end of the 
photovoltaic power supply to determine whether there is 
resonance in the photovoltaic power supply. The result is shown 
in Fig. 5. 
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Fig. 5 waveform of the load resonance voltage of photovoltaic power 

supply 
According to Fig. 5, it can be concluded that the amplitude of 

the load voltage of the grid-connected photovoltaic power 
supply periodically changes with time, and the highest and 
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lowest values are -200 V and 200 V, which indicates that there is 
resonance at the load end of the grid-connected photovoltaic 
power. 

B. The relationship between the load resonance frequency 

and efficiency of photovoltaic power supply 

When calculating the load resonance frequency of a 
photovoltaic power supply, it is needed to analyze the 
relationship between the resonance frequency and the operation 
efficiency of the power supply. We consider the relationship 
between the resonant frequency of the load of the photovoltaic 
power supply and the operation efficiency of the photovoltaic 
power supply under two different assumptions. The first is the 
relationship between the operation efficiency of photovoltaic 
power supply and the load resonant frequency of photovoltaic 
power supply when there is a difference between the load 
resonant frequency of photovoltaic power supply and the 
resonant frequency of wireless power transmission, as shown in 
Fig. 6. The second case is the relationship between the operation 
efficiency of the photovoltaic power supply and the load 
resonant frequency of the photovoltaic power supply when there 
is not a difference between the load resonant frequency of 
photovoltaic power supply and the resonant frequency of 
wireless power transmission, as shown in Fig. 7. 
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Fig. 6 The operation efficiency of photovoltaic power supply at 

different resonance frequencies 
From Fig. 6, it can be seen that when the resonance frequency 

values are 315.6 Hz, 1398.4 Hz, and 1932.8 Hz, the operation 
efficiency of the photovoltaic power supply reaches the 
maximum value. When the resonance frequency value is 1398.4 
Hz, the operation efficiency of the photovoltaic power supply 
reaches the maximum value, and the maximum operation 
efficiency of the photovoltaic power supply is 0.182. 
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Fig. 7 the operation efficiency of photovoltaic power supply at the 
same resonance frequency 

As shown in Fig. 7, when the resonance frequency is 1879.6 
Hz, the operation efficiency of the photovoltaic power source is 
the largest, and the maximum value is 0.481. By comparing Fig. 
6 and Fig. 7, it can be concluded that when the load resonance 
frequency of the photovoltaic power source is consistent with 
the resonance frequency of the wireless transmission of 
electrical energy, the operation efficiency of the photovoltaic 
power source is higher. In summary, when the algorithm of the 
paper is used to calculate the resonant frequency of the load of 
the photovoltaic power supply, it is necessary to ensure that the 
calculated resonant frequency of the load of the photovoltaic 
power supply is consistent with the resonance frequency of the 
wireless transmission of electrical energy to ensure that the 
operation efficiency of the photovoltaic power supply is at its 
maximum. 

C. The detection of the effect of resonance signals 

In the paper, the above-mentioned algorithm is used to detect 
the resonance voltage signal and field resonance signal of the 
grid-connected photovoltaic power system online. The 
detection results are shown in Fig. 8 and Fig. 9. 
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Fig. 8 detection of resonance voltage signal of photovoltaic power 

system 
Fig. 8 shows that the amplitude of the 6th harmonic is 

gradually increasing, while the amplitude of the 15th harmonic 
is gradually increasing, and the amplitude of the 3rd harmonic is 
relatively small. According to the amplitude of harmonics, the 
gradual increase indicates that there are harmonics in the 
photovoltaic grid-connected power generation system. 
Therefore, it can be concluded that the harmonic frequencies of 
the grid-connected photovoltaic power system are 251.68 Hz 
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and 706.15 Hz. 
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Fig. 9 detection of field resonance signal of photovoltaic power system 
Fig. 9 shows that the amplitude of the 7th harmonic is 

gradually increasing, while the amplitude of the 17.5th 
harmonic is gradually increasing, and the amplitude of the 6th 

harmonic is relatively small. Therefore, it can be concluded that 
the harmonic frequencies of the grid-connected photovoltaic 
power system are 251.68 Hz and 706.15 Hz. 

D. The analysis of errors in calculation 

In order to verify the accuracy of the method proposed in this 
paper for calculating the load resonance frequency of the 
photovoltaic power supply, different photovoltaic power 
supplies will be used for experiments, and the calculation value 
of the load resonance frequency of photovoltaic power supply 
obtained by the method proposed in this paper and the method 
based on neural network will be compared, and the calculation 
error will be analyzed. The results are shown in Table I. 

Table I Comparison between the actual value and calculated value of the resonance of photovoltaic power supply 
Method NO. of photovoltaic power supply Calculated value Actual value Error 

The method proposed in this paper 

1 17.91 17.89 0.11% 
2 13.87 13.84 0.22% 
3 10.16 10.11 0.49% 
4 12.95 12.56 3.11% 
5 19.81 19.87 -0.30% 
6 21.37 21.29 0.38% 
7 25.86 25.79 0.27% 
8 27.53 27.61 -0.29% 
9 29.16 29.09 0.24% 

10 30.51 30.46 0.16% 

The method based on neural network 

1 16.45 17.89 -8.05% 
2 15.89 13.84 14.81% 
3 8.72 10.11 -13.75% 
4 14.69 12.56 16.96% 
5 22.36 19.87 12.53% 
6 25.71 21.29 20.76% 
7 22.16 25.79 -14.08% 
8 31.68 27.61 14.74% 
9 24.69 29.09 -15.13% 

10 25.31 30.46 -16.91% 
From Table I, it can be seen that the load resonance frequency 

of the photovoltaic power supply calculated by the method 
proposed in this paper is slightly different from the actual load 
resonance frequency value of the photovoltaic power supply, 
and the error range is between -0.30% and 0.49%. The load 
resonance frequency calculated by the method based on neural 
network is significantly different from the actual load resonance 
frequency value of the photovoltaic power supply, and the error 
range is between -8.05% and 20.76%. That is to say, the 
accuracy of the load resonance frequency value of the 
photovoltaic power supply calculated by the method proposed 
in this paper is higher, which is more suitable for the 
independent calculation of the actual load resonant frequency of 
photovoltaic power supply. 

To sum up, it can be known that when the load resonant 
frequency of photovoltaic power supply is consistent with the 
resonant frequency of wireless power transmission, the 

operation efficiency of photovoltaic power supply is higher. 
Therefore, it should be ensured that the resonant frequency of 
the load of photovoltaic power supply is consistent with the 
resonant frequency of wireless power transmission, so as to 
ensure that the operation efficiency of photovoltaic power 
supply reaches the maximum. According to the detected 
harmonic amplitude, when it gradually increases, it indicates 
that there are harmonics in the photovoltaic grid-connected 
power generation system, and the harmonic frequency is the 
resonance frequency. The error of load resonance frequency 
calculated by the method presented in this paper is between 
-0.30% and 0.49%. And has superior performance. 

IV. CONCLUSION 
This paper proposes an automatic calculation method for the 

load resonant frequency of the photovoltaic power supply. By 
simplifying the topology structure of the load resonant circuit of 
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the photovoltaic power supply, the time-domain equation of the 
resonant circuit is obtained. According to the time-domain 
equation, the dynamic phasor model of the resonant circuit of 
the photovoltaic power supply in the steady state is calculated to 
obtain the load resonant frequency of photovoltaic power 
supply in the steady state. The sampling theorem and wavelet 
analysis theory are used to decompose the resonance signal in 
the grid-connected photovoltaic power system, and a relatively 
comprehensive approximate signal in the harmonic component 
is extracted. The Hilbert-Huang Transform is used to analyze 
the approximate signal to detect whether there is a resonance 
signal at the load end of the photovoltaic power supply in the 
grid-connected photovoltaic power system. If the detection 
result shows that there is a resonance signal at the load end of 
the photovoltaic power supply, it is necessary to analyze and 
calculate it. According to the calculation results of the load 
resonance frequency of the photovoltaic power supply in the 
dynamic state, it is found that the load resonance frequency of 
the photovoltaic power supply in dynamic condition is related to 
the number and parameters of parallel inverters in photovoltaic 
power supply. 

By testing the performance of the proposed method, it can be 
found that the operating efficiency of photovoltaic power 
supply can be maximized when the load resonance frequency of 
photovoltaic power supply is consistent with the frequency of 
power transmission. According to the state of harmonic 
amplitude, when it gradually increases, it indicates that the 
harmonic frequency is the load resonance frequency. Moreover, 
the load resonance frequency error calculated by this method is 
smaller, ranging from -0.30% to 0.49%, which is more accurate 
than other methods. The method proposed in this paper can 
quickly and accurately obtain the load resonance frequency of 
photovoltaic power supply. By calculating the load resonance 
frequency of photovoltaic power supply, the photovoltaic power 
supply can be repaired and adjusted in time to ensure the normal 
operation of photovoltaic power supply system. However, the 
method proposed in this paper has not been applied in practice, 
and the actual environmental impact has not been fully 
considered. In the future research, it is necessary to apply the 
proposed method to the actual photovoltaic power supply 
system and continuously improve it to improve its applicability. 
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