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Abstract:The power stabilization in photovoltaic systems is well studied. 

There exist number of approaches in stabilizing the output power of PV 

systems. The most approaches concern about the input power and residual 

energy of capacitors. Still they suffer to achieve higher performance in 

power stabilization. To handle this issue, an efficient Fuzzy inference 

based Power stabilization model (FIPSM) is presented in this paper. The 

model is focused on utilizing residual energy on different circuits and 

avoiding higher drain of energy on any of the circuit. The model fabricated 

with MOFSET device in each circuit which monitors the input and output 

voltage of any circuit. As the model has number of circuits framed in serial 

connection, the method generates fuzzy rules based on the conditions of 

different circuits for different input voltage with output voltage required. 

At each duty cycle, the method reads the input voltage and identifies set of 

circuits were in sleep or charging mode. With the list of circuits, the 

method computes the Fuzzy Inference Voltage Stabilization Support 

(FIVSS) for various circuits. Based on the value of FIVSS, the method 

identifies a unique or a subset of circuits to support stabilization. The 

proposed model improves the performance of power stabilization in 

photovoltaic systems. 

Keywords:PV Systems, Power Stabilization, Fuzzy Inference Model, 

FIPSM, FIVSS. 

1. Introduction: 

 The increased use of electricity challenges the power generation units and 

increases the cost of power generation. In general, the electric power has been generated 

with some sources like water, atomic, wind and sunlight. The resources other than 

photovoltaic are scarce in nature and it won’t be available for long time. The only energy 

available throughout the year is the photovoltaic power. The photovoltaic power can be 

generated from sunlight by installing set of panels where each has some units to convert the 

heat into electric energy. By installing number of panels in serial and parallel connection, 
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they can be stored in set of inverters. The power stored in the inverted can be used at the 

time when there is poor incoming energy. 

 The photovoltaic system is designed to support different electric systems which 

require steady electric voltage. The electric power received by the system will not be steady 

and there will be different fluctuation. However, the electric system would require steady 

voltage for the smooth functioning. To support this, the PV systems are attached to the 

systems which support the steady current flow.  

 The pv systems comes with number of circuits integrated with MOFSET which 

record the available residual voltage and conditions of the circuit. However, the 

performance of PV systems is depending on the selection of circuit for the support of steady 

output voltage. In general, the methods selects the random circuit to support the voltage 

flow, which leads to the missing case of circuit with higher residual voltage being not 

selected and the circuit with less voltage has been selected frequently and lead to the 

condition of drain. This affects the performance of the entire model and suffers with poor 

stabilization process. Similarly, when you select a most residual energy circuit for the 

support, then the rest of the circuits will be idle and in charging mode. What happens when 

higher voltage is obtained, then the circuits will not be charged and the voltage will be lost. 

This also affect the performance of the entire model. 

 By considering all these issues, an efficient Fuzzy Inference Model based Power 

Stabilization scheme is presented in this paper. The model focused on the selection of 

circuit for both delivery and charging according to the residual voltage on different 

capacitors of the circuit and inverters. By doing so, the voltage loss will be reduced and the 

power stabilization performance can be improved. The proposed model monitors the 

incoming voltage and identifies set of circuits which were idle at the previous duty cycle. 

Based on that, the method computes the value of Fuzzy inference voltage stabilization 

support (FIVSS) for all the circuits identified. Based on that a subset of circuits are selected 

for delivery and subset of circuits will be selected for charging mode. By doing so, the 

method would achieve higher power regulation and stabilization. The detailed working of 

the model is presented in the section 3. 

2. Related Works: 

 The problems of power stabilization in PV systems are approached with various 

techniques and this section details some of the methods around the problem. 

 A grid connected solar photovoltaic with wind energy (PV-WE) is presented in 

[1], which is integrated with energy storage system and electric vehicles. A comprehensive 

modeling and analysis is presented towards stabilization of PV based microgrid clusters [2]. 

Also, a local adaptive dynamic droop control mechanism of the voltage-source PV system 

is developed. 

 A two-stage optimization of superconducting magnetic energy storage (SMES)  is 

presented in [3], which is integrated into hybrid wind/photovoltaic (PV) generators 

considering the state of charge (SOC) control for stabilizing voltage and power fluctuations.  

A dynamic autonomous PV-based MG including PV panels and DC-link is presented in [4], 

which produces dynamic performance. The characterization of voltage stabilization of 

residential PV inverters is analyzed in detail in [5]. 

 The author characterizes the dynamic interactions between parallel PV based VSC 

system in [6], which consider the dynamics of PV source, strength of grid and variation of 

operation point and other control parameters. In [7], the author analyze the effect of 

dynamic properties of PV generator over the stability of current source inverter based PV 

system.   
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 A multimode control for PV-STATCOM operation of a photovoltaic (PV) solar 

plant is presented in [8], which prevents the instability of induction motors which are 

located in a remote location.   

 To compensate the harmonics of contaminated currents, a parallel combination of 

nonlinear load and a photovoltaic (PV) inverter with adaptive quantum normalized-least 

mean fourth ( q XE-LMF) filter is proposed  in [9].  A power decoupled current source 

inverter (PD-CSI) is presented in [10], which compensate the reactive power to regulate the 

exact voltage.    

 A multivariable T-S fuzzy decision approach is employed in [11], towards provide 

adaptive voltage distribution on PV battery. Acomplete state-space linearized model is 

presented in [12], which consider different conditions of operation to produce maximum 

power support.  A improved Finite control set-model predictive control (I-FCS-MPC) 

model is presented in [13], which consider the DC-link dynamics of PV generation for 

voltage source converter (VSC).  A current sensorless delay-based controller for the closed-

loop stabilization of a photovoltaic system under an MPPT scheme using a boost dc/dc 

converter is presented in [14][15]. 

 

3. Fuzzy Inference Based Power Stabilization Model for PV 
systems: 

 The proposed model monitors the incoming voltage at all the duty cycle. Also, the 

method maintains the history of circuits with their condition and voltage conditions. Using 

them, the method identifies the set of circuits which are in the charging mode in the 

previous cycle. For the identified list of circuits, the method computes the value of Fuzzy 

inference voltage stabilization support (FIVSS). Based on the value of FIVSS, the method 

identifies a set of circuits for the delivery conditions and set of circuits for the charging 

condition. The value of FIVSS is measured according to the rule set available. The fuzzy 

rules are generated according to the incoming voltage and required output voltage. By 

maintaining such voltage range and residual voltage of different capacitor and inductor, the 

method computes the value of FIVSS for any circuit. By choosing the circuits in this way, it 

support the power stabilization to be done in efficient way. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 1: Architecture of proposed FIPSM model 
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 The working of the proposed FIPSM based power stabilization model is presented 

in Figure 1, where the functions of the model are detailed in this section.  

Fuzzy Inference Rule Generation: 

 The proposed model works according to the fuzzy inference rule generated from 

the traces. It maintains set of trace about the voltage flow and residual energy of various 

circuits. The method uses the trace to compute the inference rule. To perform this, the 

method use the list of input voltage and output voltage. For any input voltage, the method 

computes the range of residual voltage in any circuit. If the circuit has two capacitor and 

inductors, then it computes the range values of voltage to be available in any circuit. By 

computing minimum and maximum value of ranges the method generates the fuzzy rule. 

Algorithm: 

Given: Voltage Trace VT, output voltage Ov. 

Obtain: Fuzzy inference rule FIR 

Start 

 Read VT and Ov. 

 Identify set of circuits Cs = 

        

                        
   

 

 Generate Input voltage set Ivs = 

  
           

   
  

 
 

 

 For each voltage v in Ivs 

  Compute min voltage = 
      

 
 

  Compute max voltage = (Ov-v) 

  Generate rule r = {min voltage, max voltage, min voltage , max voltage} 

  Add to rule set FIR = FIR   r 

 End 

Stop 

 The fuzzy inference rule generation algorithm computes the min and max voltage 

values for different input voltage generated to generate the fuzzy inference rule. Generated 

rule set is used to perform power stabilization. 

FIVSS Estimation: 

 The FIVSS is the measure which represents the suitability of any circuit in 

supporting efficient power stabilization in PV systems. It has been measured based on the 

incoming voltage, residual voltage in the capacitor and inductor present in the circuit. Using 

all these values, the method computes the value of FIVSS. Estimated FIVSS value has been 

used to perform power stabilization in the next stage. 

Algorithm: 

Given: Input voltage Iv, Circuit C, Output Voltage Ov, Fuzzy Inference rule set FIR 

Obtain: FIVSS. 

Start 

 Read IV, C, FIR and OV. 

 Find optimal rule sets Ors = 

         

                 
   

 

 For each rule r 

   Compute FIVSS = 
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 End 

 FIVSS = 
      

         
 

Stop 

 The above algorithm computes the value of FIVSS for any circuit according to the 

different fuzzy inference rule available. Estimated value of FIVSS has been used to perform 

power stabilization. 

Fuzzy Inference Power Stabilization: 

 The fuzzy inference power stabilization algorithm reads the voltage trace and 

monitors the incoming voltage. At each duty cycle, based on the incoming voltage, the 

method identifies the set of circuit were in the charging mode in the previous cycle. With 

the circuits identified the method estimates FIVSS value for the circuits. Based on the value 

of FIVSS, the most valued k circuits are selected to perform regulation and rests of them 

are triggered to charging mode. 

Algorithm: 

Given: Voltage Trace VT, Fuzzy Inference Rule FIR. 

Obtain: Null 

Start 

 Read VT and FIR. 

 While true at each duty cycle 

  Receive incoming voltage Iv. 

  Find idle circuits Ic = 

        

                                      
   

 

  For each circuit C 

   FIVSS = Estimate FIVSS (C, FiR) 

  End 

  Circuits Cs = 

        

                   
 

 
 

   

 

  Trigger circuits of CS to discharge. 

  Trigger others to charging. 

 End 

Stop 

 The Fuzzy inference power stabilization model estimates the FIVSS value for 

various circuits and trigger a subset of circuits to discharge and rest of them to charging. 

4. Results and Discussion: 

 The proposed Fuzzy inference based power stabilization model has been 

implemented and evaluated for its performance. The performance of the model has been 

compared with the rest of the models. 

Parameter Value 

Tool Used Simulink 

Number of circuits 20 

Number of input volts 10 

Number of output volts 1 

Table 1: Experimental Details 

 The experimental details considered for the performance evaluation is presented in 

Table 1.  
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Figure 2: Power Stabilization  

 The performance of model in power stabilization is measured and compared with 

the other models.  The proposed FIPSM model introduces higher performance than others. 

 
Figure 3: Voltage Loss 

 The voltage loss introduced by various methods are measured and compared in 

Figure 3. The FIPSM method introduces less voltage loss than others. 

5. Conclusion: 

 An efficient Fuzzy inference based power stabilization model is presented for the 

support of PV systems. The method monitors the incoming voltage and identifies a set of 

idle circuits. With the input voltage, the method computes the value of FIVSS for different 

circuits identified. According to the value of FIVSS, the method identifies a subset of 

circuits with moderate FIVSS value. Such circuits are triggered to discharge and rest is 

triggered to charge. The proposed model improves the performance of power stabilization 

with less voltage loss. 
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