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Abstract The main aim of this project is solar power generation system with power smoothing function. 

The output power from a solar power generation system (SPGS) change significantly because of 

environmental factors, which affects the stability and reliability of a power distribution system. This 

paper proposes a SPGS with the power smoothing function. The proposed SPGS consists of a solar cell 

array, a battery set, a dual-input buck-boost DC-AC inverter (DIBBDAI) and a boost power converter 

(BPC). The DIBBDAI combines the functions of voltage boost, voltage buck and DC-AC power 

conversion. Between the battery set and the solar cell array, the BPC functions as a battery charger. 

There is just one power stage involved in the proposed SPGS's conversion of DC power from the solar 

cell array or battery set to AC power. 

 The solar cell array also charges the battery set through only one power stage. This increases the power 

conversion efficiency for the solar cell array, the battery set and the utility. To stabilize the output power 

from the SPGS, the battery set is charged or discharged when the solar cell array's output power 

fluctuates significantly.  

Furthermore, the parasitic capacitance of the solar cell array induces leakage current, which can be 

suppressed by the DIBBDAI. For an SPGS, the suggested power conversion interface reduces leakage 

current, evens out power fluctuations, and boosts power efficiency. A simulation study is to verify the 

performance of the proposed SPGS by using SIMLINK environment. 
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1. INTRODUCTION 

Extreme climate change has created global 

warming. In order to prevent irreversible climate 

change, the United Nations promotes the 

international convention on greenhouse gas 

emission reduction. Most countries are actively 

developing renewable power generation to 

reduce the environmental impact of greenhouse 

gas emissions. Renewable energy from solar 

energy and wind energy involves mature 

technology and is widely used to generate 

electricity. In the past, renewable power 

generation was expensive and depended on 

government subsidies but the cost of renewable 

power generation has decreased rapidly due to 

developments in manufacturing technology. The 

cost of renewable energy power generation in 

many countries is close to or less than the price 

of electricity that is generated using fossil fuels 

so an increasing number of renewable power 

generation systems are being integrated into the 

grid to generate electricity. The output power 

from a solar power generation system (SPGS) 

changes significantly due to environmental 

factors [1]–[12]. These environmental factors 

change with the weather and seasons and cannot 

be controlled. As the penetration of SPGSs 

increases, drastic changes in their power 
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generation will affect the voltage and frequency 

of distribution power system and can cause 

power outages. This reduces the power quality 

of distribution power systems. Several control 

strategies for the power conversion interface are 

used to alleviate the fluctuation in the output 

power from a SPGS [1]. However, these control 

strategies only limit the increase in power from 

the SPGS by giving up maximum power 

tracking, and they only suppress the upward 

power fluctuations for the SPGS. In addition, the 

power that is generated by the SPGS is also 

decreased. To suppress upward and downward 

fluctuations of the SPGS, the rapid power 

regulation technology is required to temporarily 

store and release power to stabilize the power 

output from the SPGS. Since battery set has the 

advantages of small size, quick absorption and 

release of electrical energy and flexible 

operation, it has considerable potential as a 

power regulation device for the SPGS [2]–[16]. 

The objective of a Solar Power Generation 

System with a Power Smoothing Function is to 

ensure a stable and reliable power supply by 

mitigating fluctuations caused by varying solar 

irradiance. These fluctuations can be due to 

changes in weather conditions, cloud cover, and 

other environmental factors. The key objectives 

include: 

1. Stable Power Output – Reduce power 

variations and maintain a consistent 

energy supply to the grid or load. 

2. Grid Stability – Prevent voltage and 

frequency instability in the grid due to 

sudden changes in solar power 

generation. 

3. Efficient Energy Management – 

Optimize the integration of solar energy 

with storage systems (such as batteries 

or supercapacitors) to balance supply 

and demand. 

4. Improved Power Quality – Reduce 

issues such as voltage sags, harmonics, 

and flickers that can affect sensitive 

electrical equipment. 

5. Enhanced Reliability – Ensure a more 

predictable and dependable energy 

supply for both standalone and grid-

connected applications. 

6. Extended Equipment Lifespan – Reduce 

stress on inverters and other power 

electronics by smoothing out rapid 

changes in power flow. 

7. Regulatory Compliance – Meet grid 

codes and regulations that require 

renewable energy sources to maintain 

power quality and stability. 

This system typically incorporates energy 

storage, power electronic converters, and control 

algorithms to achieve effective power smoothing 

and improve the overall performance of solar 

power integration. 

2. MODELLING OF CASE STUDY 

2.1 Circuit configuration 

The circuit configuration for the proposed SPGS 

is shown in Fig.1. The DC coupling 

configuration is used for the proposed SPGS. As 

seen in Fig. 1, the proposed SPGS is composed 

of a solar cell array, a battery set and the power 

conversion interface. The power conversion 

interface consists of a DIBBDAI and a BPC. 

The BPC is connected between the solar cell 

array and the battery set to control the power 

from the solar cell array that charges the battery 

set. In order to reduce the capacity of battery set, 

the battery set only operates when the power 

variation for the solar cell array exceeds the 

specified range. The battery set is only charged 

by the solar cell array so the power flow of BPC 

is unidirectional. The DIBBDAI performs the 

functions of voltage boost, voltage buck and 

DC-AC power conversion. The DIBBDAI BPC 

operate at the same time to convert the power 

from the solar cell array for injecting into the 

grid and for charging the battery set, 

respectively. 
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FIGURE 1. Circuit configuration for the 

proposed SPGS 

2.2 OPERATION OF DIBBDAI 

The two input terminals of the DIBBDAI are 

respectively connected to the solar cell array and 

the battery set. The operation of the DIBBDAI 

can be divided into the boost mode and the buck 

mode. The two input terminals of the DIBBDAI 

are respectively connected to the power 

electronic switches S1 and S2. Since the voltage 

of the solar cell array is lower than that of the 

battery set, S1 should further contain a diode to 

form a unidirectional switch to prevent the 

battery voltage from affecting the voltage of the 

solar cell array. Power electronic switches S1 

and S2 are used as switches during the buck 

mode. For the proposed SPGS, the solar cell 

array and the battery set will not release the 

power at the same time; hence, the power 

electronic switches S1 and S2 will not operate at 

the same time. The DIBBDAI also includes a 

bridge structure that is composed of S3-S6 for 

commutation, in order to generate an AC output 

current. Among them, S3 and S4 further contain 

a diode to form a unidirectional switch to avoid 

short circuit in the grid. S3 or S4 are also used as 

switches during the boost mode. Cf1, Cf2, Rf 

and Lf create a damped second-order lowpass 

filter. If the solar cell array is operating and the 

battery set is disabled, S1 is activated and S2 is 

turned off. If the grid has two DC input 

terminals, which are respectively connected to 

battery set and the solar cell array, and both the 

battery set and the solar cell array can directly 

use the DIBBDAI to convert DC power into AC 

power for supplying to the grid.  

When the output power from the solar cell array 

is stable, the DIBBDAI converts the power from 

the solar cell array to the grid, so the BPC is 

disabled and the battery set is in standby mode. 

The DIBBDAI converts the power from the 

battery set to the grid when the power of solar 

cell array suddenly decreases, and the BPC 

tracks the maximum power of solar cell array to 

charge the battery set. When the power of solar 

cell array suddenly increases, the DIBBDAI and 

voltage is lower than the voltage of the solar cell 

array, the DIBBDAI is operated in the buck 

mode. At this time, S1 is operated in pulse width 

modulation (PWM) switching and S3-S6 are 

operated in accordance with the polarity of the 

grid voltage. The operation of buck mode can be 

divided into four modes. Mode Bk-1: During the 

positive half cycle of the grid voltage, S1, S3, 

and S6 are turned on, and S4, S5 and D are 

turned off. The change rate for the inductor 

current is: 

 
Where vs and Vsol are the grid voltage and the 

voltage of the solar cell array, respectively. The 

solar cell array releases energy to the inductor 

and the grid. Mode Bk-2: During the positive 

half cycle of the grid voltage, S3, S6 and D are 

turned on, and S1, S4, and S5 are turned off. The 

change rate for the inductor current is: 

   
The inductor releases energy to the grid. Mode 

Bk-3: During the negative half cycle of the grid 

voltage, S1, S4 and S5are turned on, and S3, S6 

and D are turned off. The change rate for the 

inductor current is: 

 
The solar cell array releases energy to the 

inductor and the grid. Mode Bk-4: During the 

negative half cycle of the grid voltage, S4, S5 
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and D are turned on, and S1, S3 and S6 are 

turned off. The change rate for the inductor 

current is: 

 
The inductor releases energy to the grid. The 

equivalent circuit for the DIBBDAI in the buck 

mode, where S is S1. The grid voltage is 

converted to its absolute value by the operation 

of S3-S6 and then added to the output of 

conventional buck power converter. As a result, 

the DIBBDAI operates as a conventional buck 

power converter, and the inductor current can be 

controlled by the switching of S. If the grid 

voltage is higher than the voltage of the solar 

cell array, the DIBBDAI operates in the boost 

mode. At this time, S1 is always on, S4 and S3 

are respectively operated in PWM switching 

during the positive and negative half cycles for 

the grid voltage and S6 and S5 are operated in 

accordance with the polarity of the grid voltage. 

The operation of boost mode can also be divided 

into four modes. Mode Bt-1: When the grid 

voltage is in the positive half cycle, S3, S4 and 

S6 are turned on and S5 is turned off. The 

change rate for the inductor current is: 

 
The solar cell array releases energy to the 

inductor. Mode Bt-2: When the grid voltage is in 

the positive half cycle, S3 and S6 are turned on 

and S4 and S5 are turned off. The change rate 

for the inductor current is: 

 
Both the solar cell array and the inductor release 

energy to the grid. Mode Bt-3: When the grid 

voltage is in the negative half cycle, S3, S4 and 

S5 are turned on and S6 is turned off. The 

change rate for the inductor current is: 

 

The solar cell array releases energy to the 

inductor. 

 
FIGURE 2. Equivalent circuit for the DIBBDAI 

in the buck mode 

 
FIGURE 3. Equivalent circuit for the DIBBDAI 

in the boost mode 

Mode Bt-4: When the grid voltage is in the 

negative half cycle, S4 and S5 are turned on and 

S3 and S6 are turned off. The change rate for the 

inductor current is: 

 
Both the solar cell array and the inductor release 

energy to the grid. The equivalent circuit for the 

DIBBDAI operating in the boost mode. The grid 

voltage is converted to its absolute value and 

then added to the output of conventional BPC by 

the operation of S3-S6. In Fig. 3, switch S is S4 

or S3 and the diode is the body diode of S3 or 

S4 depending on the polarity of the grid voltage. 

The DIBBDAI operates as a conventional BPC 

and the inductor current is controlled by 

switching S. When the DIBBDAI is powered by 

the battery set, S2 is activated and S1 is turned 

off. At this time, the DIBBDAI operates 

similarly to when the solar cell array is operated, 

and it is not repeated. The control signals S1-S6 

and operation voltage during a grid cycle when 

the solar cell array supplies power to the 

DIBBDAI. As can be seen only one power 

electronic switch is operated in PWM switching 

at any time, and VAN and VBN are close to the 

positive cycle voltage and the negative cycle 

voltage of grid, respectively. The equivalent 
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circuit of the DIBBDAI for the leakage current 

analysis [33], [34]. Cpv and Rg are the stray 

capacitor for the solar cell array and ground 

resistor for the grid, respectively. VAN and 

VBN are the voltages from terminals A and B to 

the negative terminal N of the solar cell array, 

respectively. Since Cf1, Cf2 and Rf are 

connected across terminals A and B, these 

components do not affect the leakage current. S5 

and S6 are switched synchronously with the grid 

voltage. S6 is turned on and S5 is turned off 

when the grid voltage is in the positive half 

cycle, and: 

  

  
where vLf is the voltage of Lf . Since VBN is 

equal to 0, the voltage across the loop of CPV 

and Rg is 0 and the leakage current is 0. When 

the grid voltage is in the negative half cycle, S5 

is turned on and S6 is turned off and 

   

  
The voltage across the loop of CPV and Rg is 

−(vs + vLf). Since vs is a sinusoidal voltage of 

60Hz and the impedance of the stray capacitor is 

very large at 60Hz, the leakage current induced 

by vs is very small. vLf contains a switching-

frequency component, which is caused by the 

switching-frequency ripple in the output current.  

 

TABLE 1. Operation of S1 -S6 

 

 
FIGURE 4. Control signals S1 -S6 and operation 

voltage in a power grid cycle, (a) utility voltage, 

(b) S1 , (c) S3 , (d) S4 , (e) S5 , (f) S6 , (g) 

VAN, (h) VBN. 

 
FIGURE 5. Equivalent circuit of the DIBBDAI 

for the leakage current analysis. 
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However, the switching-frequency component of 

vLf is effectively suppressed by Cf1, Cf2 and Rf 

. As can be seen inFig. 4 (g) and (h), VAN and 

VBN are respectively close to the positive cycle 

voltage and the negative cycle voltage of grid, 

and it is consistent with the analysis. 

Accordingly, the leakage current induced by vLf 

is still small even the impedance of the stray 

capacitor at the switching frequency is small. 

Therefore, the leakage current contains a small 

switching-frequency component and a small 

fundamental component during the negative half 

cycle. 

2.3 OPERATION OF BPC  

The BPC is inserted between the solar cell array 

and the battery set and is used when the battery 

set is charged by the solar cell array. The BPC is 

disabled when the power variation for the solar 

cell array is within the specified range. The BPC 

performs maximum power tracking (MPPT) for 

the solar cell array if the power variation for the 

solar cell array exceeds the specified range. The 

BPC is designed to be operated in continuous-

conduction mode, and the relationship between 

the voltage of the solar cell array and the voltage 

of the battery set is: 

 
where DSb is the duty cycle for Sb. 

3  SMOOTHING OPERATION  

If the output power of the solar cell array is 

stable, the output power from the solar cell array 

is converted into AC power by the DIBBDAI. 

At this time, the DIBBDAI performs MPPT 

using the perturbation and observation (P&O) 

method. The output voltage from the solar cell 

array is disturbed, and then the change in the 

power from the solar cell array is observed to 

determine the direction in which the output 

voltage from the solar cell array is disturbed 

until the maximum power point is tracked. The 

output power smoothing mechanism is activated 

when the power variation for the solar cell array 

significantly exceeds the specified range. The 

state of charge (SOC) of the battery set is 

specified as between 30% and 90% to avoid 

over-charging or over-discharging, which 

decreases the life of the battery set. Considering 

the upward and downward power fluctuations of 

SPGS, the desired SOC of the battery set is at 

60% when the battery set is in the stand-by 

mode. Since this study concerns the smoothing 

operation for the output power from the SPGS, 

the SOC of the battery set is estimated simply 

using the terminal voltage. The output power 

from the SPGS is smoothed when the power 

variation (1PPV) for the solar cell array exceeds 

the specified value P1. P1 is determined by the 

power variation of regulation. The DIBBDAI is 

still powered by the solarcell array but MPPT is 

performed by the BPC using the P&O method. 

Consequently, the output current amplitude of 

DIBBDAI is controlled to be increased linearly 

along a specified gradient, driving the output 

power (Pout) from the SPGS also linearly 

increases along the specified gradient.  

The specified gradient for the output current 

amplitude depends on the allowable maximum 

power variation for Pout. At this time, the 

difference between the PPV and Pout is positive. 

This power difference is automatically injected 

into the battery set through the BPC and the 

SOC of battery set is increased. When Pout 

exceeds PPV by P2, the DIBBDAI controls the 

output current amplitude to be a fixed value. The 

BPC still performs MPPT. At this time, the 

difference between PPV and Pout becomes 

negative and the power difference is 

automatically supplied from the battery set to 

decrease the SOC of the battery set. If PPV 

remains stable, the BPC stops operating when 

the SOC of the battery decreases to 60%.  

The DIBBDAI performs MPPT. At this 

moment, the power variation in Pout is P2. P2 

must be less than or equal to P1 to avoid 

exceeding the power variation of regulation. 

When the output power Pout is still less than 
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PPV and the SOC of the battery set has been 

equal to 90%, the BPC stops and the power 

smoothing function is disabled, in order to 

prevent the battery set from over-charging. The 

output power from the SPGS is also smoothed 

when 1PPV for the output power from the solar 

cell array decreases to less than the specified 

value −P1. At this time, the DIBBDAI is 

powered by the battery set and the BPC 

performs MPPT. The solar cell array charges the 

battery set through the BPC. The DIBBDAI 

decreases the amplitude of the output along the 

specified gradient, so Pout also linearly 

decreases along the specified gradient. At this 

time, the difference between Pout and PPV is 

automatically supplied from the battery set and 

the SOC of the battery set is decreased. When 

Pout is P1 less than PPV, the DIBBDAI 

maintains the output current amplitude at a fixed 

value. The BPC continuously performs MPPT. 

PPV is greater than Pout so the battery set is 

charged instead and the SOC of the battery set is 

increased. If PPV remains stable, the BPC stops 

operating when the SOC of the battery is 

increased to 60%. The DIBBDAI is powered by 

the solar cell array and performs MPPT. At this 

moment, the power variation in Pout is P2. If 

Pout is not less than PPV and the SOC of the 

battery set has been equal to 30%, the BPC stops 

smoothing the power output of the SPGS, in 

order to prevent the battery set from over-

discharging. The DIBBDAI is powered by the 

solar cell array and performs MPPT. The 

operation flowchart for the proposed SPGS with 

power smoothing function. No matter PPV 

increases or decreases drastically, Pout increases 

or decreases linearly along the specified gradient 

to smooth the output power from the SPGS. 

Since the battery set is actuated only when the 

absolute value of power variation (1PPV) for the 

solar cell array exceeds the specified value P1, 

the charging/discharging time of the battery set 

is much less than other smoothing methods [3]–

[9]. Moreover, regardless of whether the battery 

set is charged or discharged to smooth the output 

power from the solar cell array, the battery set 

willimmediately discharge or charge to maintain 

its SOC close to 60% when Pout catches up with 

PPV. As a result, the capacity of battery set can 

be reduced. 

4. Fuzzy Logic Controller   

Fuzzy Logic is a multi-esteemed logic which is 

like human speculation and elucidation. It has 

the capability of consolidating human heuristics 

into PC helped basic leadership. Fuzzy logic 

controller (FLC) is made of fuzzification; 

learning and inference unit and defuzzification. 

The fuzzy logic needs that variable utilized as a 

part of depicting the control rules ought to be 

communicated as far as fuzzy set variables with 

linguistic names. Behind the guidelines have 

been assessed, the final gait to finish the 

calculation is to figure the fresh result of the 

fuzzy calculation by means of de fuzzification. 

 
Fig 4: Fuzzy logic structure 

The primary favorable position of FLC is that 

Fuzzy Logic portrays frameworks regarding a 

mix of numerics and etymology (symbolics). 

This has points of interest over immaculate 

scientific (numerical) approaches or 

unadulterated typical methodologies in light of 

the fact that all the time framework information 

is accessible in such a mix and furthermore 

fuzzy logic some of the time utilizes just  
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5. SIMULATION RESULTS 

Existing System Results 

 
MATLAB/SIMULINK circuit of the SPGS 

 
FIGURE 8.2Simulation results of the DIBBDAI 

under steady state, (a) grid voltage, (b) output 

current, (c) inductor L current. 

 
FIGURE 10. Simulation results for the leakage 

current of DIBBDA, (a) output current, (b) 

leakage current. 

 
FIGURE 11. Simulation results for the variation 

of input DC voltage, (a) input DC voltage, (b) 

inductor L current, (c) output current. 

 
FIGURE 12. Simulation results for the BPC, (a) 

solar cell array voltage, (b) battery set voltage, 

(c) inductor Lb current. 

 
FIGURE 15. Transient result for suddenly 

increasing the output power from the solar cell 

array. 

 
FIGURE 16. Transient result for suddenly 

decreasing the output power from the solar cell 

array. 

Fuzzy logic controller Results 

 
Fig. 17 Control system with Fuzzy Logic 

controller 
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FIGURE 18. Simulation results of the DIBBDAI 

under steady state, (a) grid voltage, (b) output 

current, (c) inductor L current. 

 
FIGURE 19.  Simulation results for the leakage 

current of DIBBDA, (a) output current, (b) 

leakage current. 

 
FIGURE 20. Simulation results for the variation 

of input DC voltage, (a) input DC voltage, (b) 

inductor L current, (c) output current. 

 
FIGURE 21.  Simulation results for the BPC, (a) 

solar cell array voltage, (b) battery set voltage, 

(c) inductor Lb current. 

 
FIGURE 22. Transient result for suddenly 

increasing the output power from the solar cell 

array. 

 
FIGURE 23. Transient result for suddenly 

decreasing the output power from the solar cell 

array 

5. CONCLUSION 

This study proposes a SPGS with a power 

smoothing function. The proposed SPGS uses a 

DIBBDAI to integrate the solar cell array and 

the battery set for outputting a smoother power. 

The proposed SPGS has the following 

innovative features.  

1. The SPGS integrates two input power sources, 

solar cell array and battery set, which can be 

changed seam-lessly. The battery set acts as an 

energy buffer to smooth the power variation 

from the SPGS. The proposed SPGS using only 

two power stages, hence, the power circuit is 

simplified 

2. Regardless of whether the input power source 

is the solar cell array or the battery set, only one 

power stage is required to convert DC power to 

AC power. Besides, the power for charging the 

battery set from the solar cell array is only 

through one power stage.  

3. The leakage current induced by the stray 

capacitance of the solar cell array is suppressed 

due to the use of the proposed SPGS.  

The simulation results show that the proposed 

SPGS outputs a sinusoidal current in phase with 

the utility voltage and smooth the power 

variation caused by the power fluctuation from 

the solar cell array. In addition, the leakage 

current of solar cell array is effectively 

suppressed. Therefore, it verifies that the major 

concerns of power fluctuation and leakage 

current can be solved by using the proposed 

SPGS. An evaluation for the capacity of battery 

set required for smoothing and comparison with 
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other smoothing methods in the practical 

application will be further studied in the future. 
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