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Abstract According to the nonlinear output characteristics of photovoltaic cells, combined with artificial 
intelligence algorithmthe the MPPT（Maximum Power Point Tracking）control algorithm based on fuzzy 
variable step size is proposed, which enables the system to quickly track the maximum power point and improve 
the energy conversion efficiency of photovoltaic system.This paper designs a small-scale photovoltaic power 
generation system. The main circuit of the system consists of Perovskite Solar Panels, DC voltage regulator 
circuit, storage battery and one-way full bridge inverter circuit. The control circuit consists of sun-seeking, 
inverter and maximum power tracking on constant voltage. Proteus simulation software is used to simulate the 
sun-seeking part, the inverting part, the general control unit, the keys and the display interface. The results 
indicate that the functions of the small-scale photovoltaic power generation system can be achieved very well. 
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1 Introduction 
Photovoltaic technology started earlier in foreign countries. Germany, the United States and India are relatively 
leading in photovoltaic power generation technology. They are also the first countries to study photovoltaic power 
generation. Meyer burger Technology Ag will transform itself into a leading manufacturer of solar cells and 
components. It is expected to be officially put into production in the first half of 2021, and it is planned to increase 
the capacity of batteries and components to 1.4GW and 0.8GW respectively by 2022. China's development is also 
relatively rapid. Large photovoltaic power stations have been built in places with sufficient light, such as Xinjiang 
and Tibet [1]. Since the electric energy generated by solar cells always changes with the change of solar cell 
temperature and irradiance, it is necessary to track the maximum power point of photovoltaic system 
effectively[2].At present, there are many MPPT methods, such as disturbance and observation algorithm[3-5], 
conductance increment algorithm[6-7], neural network method[8-10] and fuzzy logic algorithm[11-15].This type 
of control mode may have a series of effects, including large scale delay, more inaccurate detection circuits and 
sensors, and power oscillations under low radiation conditions.According to the nonlinear output characteristics of 
photovoltaic cells, the MPPT control algorithm based on fuzzy variable step size is proposed, which enables the 
system to quickly track the maximum power point and improve the energy conversion efficiency of photovoltaic 
system. 
This paper designs a small photovoltaic power generation system, including the main circuit and control part of 
the system, and Proteus simulation software is used for simulation. Finally, the DC part is stabilized at 48V, and 
the inverter part forms an approximate SPWM waveform, and the sun-seeking part makes the solar panel 
automatically track the rotation of light intensity. 
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2 Brief introduction of system scheme 

2.1 Main circuit system structure 
The system structure is shown in Figure 1. Through DC/DC conversion circuit, the system outputs the electric 
energy of solar panel to 220 V users through constant pressure control and DC/AC inverter. In addition, the 
electricity generated by the solar panel is stored in the battery group in real time, when there is no sunlight, the 
battery discharge guarantees the reliability of power supply. 
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Figure 1:  Structural block diagram of main circuit system 

2.2 Structure design of control system 
The control system structure is shown in Figure 2. The system is composed of sun tracing unit, inverter unit 
(DC/AC) and general control unit (including DC/DC). The functions of each part are as follows: 

Sun-seeking unit: Solar panel lighting angle control; 
Inverter unit: Power generation inverter control; 
Overall control unit: The main control unit of the system completes the DC/DC maximum power tracking 

control, the general control of the sun-seeking unit and inverter unit. 
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Figure 2:  Structure block diagram of control system 

2.3 Parameter calculation of battery and solar panel 
A.Selection of battery capacity 
The power of the system is 2000W, in case of continuous rainy days or no light at night, the system battery is used 
to supply power for the system. The power of the system is 2000W, the working voltage is 48V, through the 
calculation formula of battery capacity, the capacity C of battery is 200A·H. The output voltage is 48V and the 
nominal voltage of the battery is 6V, so 8 batteries need to be connected in series. 
B.Selection of solar panel 
In order to ensure the maximum power output of the solar panel, it is necessary to charge the battery. The working 
voltage of the battery is 48V, and the peak voltage of the solar panel is 48V, so that the solar panel can work at the 
maximum power point. The solar panel selected in this paper has a peak power of 250W, a peak voltage of 
48.33V, a peak current of 5.18A, an open circuit voltage of 57.08V and a short circuit current of 5.69A. Eight 
solar panels are connected in parallel, with a total power of 2000W. 
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3 MPPT control based on fuzzy variable step size 
MPPT (maximum power point tracking) technology is an important part of photovoltaic system. The operation of 
photovoltaic cells is closely related to the irradiance of the incident sunlight and the temperature of the external 
environment. The output characteristics of photovoltaic cells show typical nonlinear characteristics. In a certain 
light and temperature environment, the photovoltaic system output will only have a unique maximum power point. 
Therefore, we should always ensure that the output power of photovoltaic works in the optimal state, so as to 
maximize the conversion of solar energy into electrical energy. 

3.1 Classical MPPT control 
In the photovoltaic power generation system, the closed-loop control is mostly used to achieve the maximum 
power output control of photovoltaic cells. In this way, the current and voltage of photovoltaic are detected in real 
time, and the state of MPPT is determined by closed-loop calculation. At present, two classical MPPT algorithms 
are disturbance observation method and conductance increment method. With the development of intelligent 
control, there are fuzzy control method and neural network method. 

The principle of MPPT charge control based on buck converter is shown in Figure3. PVU and PVI are the 

output voltage and current of photovoltaic array, bU and bI are the voltage and current of battery respectively. 
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Figure 3:  MPPT charge control schematic diagram based on Buck Converter 

3.2 MPPT control based on fuzzy variable step size 
The variable step size disturbance observation method is derived from the improvement of the conventional fixed 
step size disturbance observation method to make up for the contradiction between response and accuracy. When 
the deviation from the maximum power point is far, the large step tracking is used, and when the distance from the 
maximum power point is close, the small step tracking is used instead, so as to reduce the adjustment time. In this 
paper, the MPPT control of photovoltaic array is carried out by using the variable step size disturbance 
observation method, which does not need to be as strict as the conductance increment method for the accuracy of 
control system components. 

The target function is the output power P  of the photovoltaic array, and the control quantity is the duty 
cycle D  of the PWM driving signal of the power switch of the buck converter. Take the fuzzy controller as the 
structure of two inputs and one output. One input is the power difference )1()()( −−= nPnPne between the 
current time and the previous time, and the other is the duty cycle step )1( −na of the previous time. One output 
is duty cycle step )(na at the current time. Therefore, the adjustment algorithm of duty cycle is 

)()1()( nanDnD +−= .As shown in Figure 4 
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Figure 4:  MPPT structure based on Fuzzy control 

E and A are the fuzziness of e and a respectively. Here E is defined as 8 fuzzy 
subsets, },,,,,,,{ PBPMPSPONONSNMNBE = .It is divided into 14 levels, 

}6,5,4,3,2,1,0,0,1,2,3,4,5,6{ +++++++−−−−−−−=E . And A is defined as 6 fuzzy 
subsets, },,,,,{ PBPMPSNSNMNBA = . It is divided into 12 levels, 

}6,5,4,3,2,1,1,2,3,4,5,6{ ++++++−−−−−−=A .The membership function of the two are shown in Figure 5. 
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Figure 5:  Membership function of fuzzy control 

The adjustment step value of the current time duty ratio is determined according to the change of power 
value and the adjustment step value of the previous time duty ratio. According to the relationship between the P-U 
characteristic curve of photovoltaic array, and considering the influence of light intensity and temperature on the 
output power of photovoltaic array comprehensively, the adjustment principle is determined 

Table 1 is a list of 48 fuzzy rules controlled by MPPT. The selection principle of fuzzy rule table is: 1) if the 
disturbance is in the same direction and the output power is increased, the disturbance will continue in the same 
direction, if there is a decrease, the disturbance will be adjusted in the opposite direction; 2) when the deviation 
from the maximum power point is far, the large step tracking is used, and when the distance from the maximum 
power point is close, the small step tracking is used, so as to reduce the adjustment time. 

 
 
 
 

Table 1:  MPPT fuzzy control rules 
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( 1)A n −   

( )E n  

NB NM NS NO PO PS PM PB 

( )A n  

NB PB PM PS PS NS NS NS NM 

NM PB PB PM PS NS NS NS NM 

NS PB PB PM PS NS NS NS NS 

PS NS NS NS NS PS PM PB PB 

PM NM NS NS NS PS PM PB PB 

PB NM NS NS NS PS PS PM PB 

In order to reduce the power oscillation at the maximum power point, when the power deviation is 1.0<e , 
it means that the duty cycle of the disturbance will not cause much change in the output power. At this time, the 
power point is relatively close to the maximum power point. It can be considered that the power at this point is the 
maximum power point, and the disturbance will not be carried out at this time. Through this design, the power 
oscillation at the maximum power point can be effectively reduced. 

4 System hardware design 

4.1  Power circuit design 
The power conversion circuit is shown in Figure 6. The output DC bus voltage of the battery is 48V, which is 
composed of eight 6V battery cells. The working voltage of the DC motor is 24V, (24V obtains power from 4 
battery cells in series). The control part of the system is powered by DC5V, so the DC24V-5V conversion circuit 
needs to be designed. The voltage is directly powered by TPS5430DDA DC-DC Buck chip. 

 
Figure 6:  Power Circuit Design 

4.2 Sun-seeking unit design 
As shown in Figure 7. Light detection is realized by 4 photoresistors. In the amplification circuit, the detected 
light intensity is converted into voltage signal, and then read by single chip microcomputer after AD conversion. 
Finally, the running direction of stepping motor is adjusted by single chip microcomputer to achieve the purpose 
of changing the light intensity of solar energy. With the change of light intensity, the angle of stepper motor is 
adjusted to realize the rotation of X and Y directions, and finally realize the maximum intensity utilization of 
sunlight. 
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Figure 7:  Sun-seeking control  

 

4.3 Inverter unit design 
The inverter main circuit is shown in Figure 8. The full bridge is realized by controlling 4 IGBT, and the DC-AC 
transformation is realized by the conduction of the cross bridge arm. In the circuit, D1, D2, D3 and D4 play the 
role of continuous current. Resistance R1, R2, R3, R4, capacitance C1, C2, C3, C4 constitute RC filter circuit to 
reduce the fluctuation of bridge arm switch. IGBT is controlled by single-chip microcomputer and then output 
SPWM waveform to the user through transformer TC901. In the circuit, KA901 is the output switch (Contactor). 

 
Figure 8:  Design of inverter main circuit 

5 System software design 

5.1  Program design of sun-seeking unit 
In this paper, the illuminance of the sun tracing part is designed to track between 45 and 55 degrees, and the flow 
chart of the sun tracing unit is shown in Figure 9. 
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Figure 9:  Sun-seeking adjustment flow chart 

5.2 Program design of inverter unit 
The control function of inverter unit is mainly realized by SPWM OUT function, and its workflow is shown in 
Figure 10. 
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Figure 10:  Inverter flow chart 

6 Results 

6.1 Simulation and debugging of sun-seeking unit 
In this paper, proteus simulation software is used for simulation, and the circuit diagram is shown in Figure 11. U2 
and U3 are analog-to-digital conversion in X direction and Y direction respectively. RV1 and RV2 simulate the 
change of photoresistance under different illumination levels. The control mode is enable and pulse plus direction 
(positive adjustment when DIR is 0). EN and ST simulate the signals from the general control unit of the system. 
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Figure 11:  Sun-seeking simulation diagram 

6.2 Simulation and debugging of inverter unit 
The signal simulation diagram of the inverter part is shown in Figure 12. The AC contactor switch output by D1 
analog transformer, EN and ST control enable and output respectively. In the oscilloscope, yellow is the AC half 
bridge (ach1 and ach3) of single-phase full bridge inverter circuit, and red is the BD half bridge (ach2 and ach4). 
When the main control ST has signal, D1 channel, inverter begins to output. When EN has a signal, the inverter 
starts to work, and the inverter output waveform is realized by IGBT on-off. 

 
Figure 12:  SPWM signal simulation diagram of inverter part 

When ST is closed, D1 is on and inverter output to AC 220V. When EN is closed, the inverter starts to work. 
The waveform of inverter signal simulation and debugging is shown in Figure 13, which is the equivalent sine 
wave output. 
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Figure 13:  Simulation and debugging of inverter 

7 Conclusion 
In this paper, fuzzy control is applied to MPPT control of photovoltaic system. In order to reduce the vibration of 
the system at the maximum power point, a MPPT control algorithm based on fuzzy variable step size is proposed. 
The improved MPPT algorithm improves the tracking speed and stability of photovoltaic system to a certain 
extent, shortens the tracking time of MPPT, reduces the oscillation amplitude of output voltage and output power 
curve of photovoltaic system, and reduces the power loss of photovoltaic system.The hardware design and 
software design of small photovoltaic power generation system are carried out. Finally, the equivalent sine wave 
output of AC 220V is realized, and the solar panel can work near the maximum power point. The simulation and 
hardware experiment results show that compared with other traditional algorithms, the algorithm proposed in this 
paper has better tracking accuracy, rapidity and stability under different external conditions. 
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