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Abstract - In this paper, a PV (Photovoltaic) power sourced 

battery charging unit (boost and buck converter) was 

designed for maximum power point tracking (MPPT) and 

extraction of PV power and performs battery charging under 

constant voltage (CV) mode using voltage mode control circuit 

operating on the  buck converter. The fuzzy logic controller 

and Artificial Neural Network controller are introduced as 

MPPT controller and the efficiency of the converter under 

these controllers are measured and compared. Simulation 

work is carried out in MATLAB/Simulink software which 

determines its maximum power point tracking performance. 

Key words—Photovoltaic source, dc-dc converters, fuzzy 

logic controller, artificial neural network, battery 

charging techniques. 

1. INTRODUCTION  
 
Traditional energy sources such as fossil fuels are going 

scarce compared to the growing demands and also it leads to 

more pollution. The renewable energy sources such as PV is 

adapted due to low operating cost and as the power 

generation process is free of any pollution. But it is less 

efficient and non reliable due to frequent changes in weather 

conditions. To make it more efficient MPPT techniques such 

as Perturb and Observe (P&O), Incremental conductance 

algorithms are developed for single PV panel systems. These 

algorithms track the maximum PV power and corresponding 

voltage, so that it makes the converter operates on that 

particular voltage and extracts the maximum power. The 

converters such as boost, buck sepic, buck-boost, buck, etc., 

are used for extracting maximum power from PV system 

with the help of MPPT controller. The above mentioned 

MPPT algorithms is implemented with FLC and ANN 

controllers so that it can be more efficient, accurate and 

quicker in response to the changes in environmental 

conditions such as irradiance, temperature, etc., The PV 

power is utilized in order to feed the grid or standalone 

loads or to charge the battery which is used for later 

utilization. The battery charging by the PV source faces 

difficulties when the irradiation is reduced as the voltage 

and power generated by the PV panel gets reduced with 

irradiation. When it reduced further below the battery 

voltage, there will be no charging which reduces the 

efficiency of the system. Even with MPPT, the voltage 

variations are unavoidable and hence unsuitable for battery 

charging applications. The battery can be charged under 

varying PV voltage or power using the following controllers: 

 

i) Constant Voltage (CV) control and 

ii) Constant Current (CC) control 

 

Constant current control is more efficient for battery 

charging applications but appropriate voltage 

(>Vbattery_minimum) also should be maintained to charge 

the battery with reduced loss and also to charge the battery 

quickly so that the lifetime of battery is increased. It is 

difficult for lesser irradiations and hence constant voltage 

technique is used in this scenario. To provide constant 

voltage, PI controller is used for providing the pulses to the 

converter. The performance curves of both current and 

voltage control techniques are provided in Fig. 1 

 

Fig. 1. Constant voltage and constant current control 
performance curves 

In this paper, the PV panel of 60V/720W is subjected to the 
FLC and ANN based MPPT control and the efficiency of the 
two controllers is compared under varying irradiation. The 
PI controller based constant voltage circuit is used to 
provide switching pulses for buck converter in order to 
charge the battery. The design procedure of the converters 
and the MPPT controllers are provided in this paper. 
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2. MODELLING OF PHOTOVOLTAIC CELL 

 

Fig. 2. Equivalent circuit of single diode model of PV cell 

In various literatures it is also termed as a five parameter 

model (Iph, Io, n, Rs and Rp).  

Where 

Iph -Photocurrent (A) 

Io - Diode saturation current (A) 

N - Diode factor (1 <=n<=2) 

Rs - Series resistance (Ω) 

Rp - Shunt resistance (Ω) 

•Rs is used to represent internal current flow losses and 

voltage drops. 

•Rpis used to measure the internal leakage current flow due 

to reverse biasing of diode. 

(1) 

3. PV FED BATTERY CHARGING UNIT  

The proposed PV fueled battery charging unit is provided in 

Fig. 3. 

 

Fig. 3. Proposed PV fed battery charging unit 

The PV power is provided to boost converter which steps up 

the PV voltage according to the duty ratio generated by the 

FLC or ANN based MPPT controller and the boosted voltage 

is reduced to battery voltage or the reference voltage 

provided for PI controller based voltage control circuit by 

the buck converter. 

The circuit for boost converter is provided in Fig. 4. 

 

Fig. 4. Boost Converter circuit 

The boost converter is used to step-up the dc voltage 

according to the duty ratio of the switching pulse provided. It 

comprises of inductor, power electronic switch, diode and 

capacitor. The load voltage will be higher than that of input 

voltage. The operational modes of the boost converter are 

provided as follows: 

Mode 1: 

The mode1 operational circuit is provided in Fig. 5. Here, the 

gate pulse provided for switch S is HIGH and the inductor 

gets charged during this time period. The capacitor, will 

maintain the load voltage at designed value during this time 

period. The inductor voltage and load voltage are provided 

in the following equations: 

      

 

Fig. 5. Mode 1 Equivalent circuit of boost converter, VL=Vin 

Mode 2: 

 The mode2 operational circuit is provided in Fig. 6. 

Here, the gate pulse provided for switch S is LOW and the 

inductor gets discharged during this time period. The 

inductor voltage and source voltage gets added and provided 
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to the load. The load voltage is provided in the following 

equation: 

 

 

Fig .6 .Mode 2Equivalent circuit of boost converter, 
Vo=Vin+VL 

The buck converter circuit is provided in Fig. 7. 

 

Fig.7.Buck converter circuit 

The buck converter is used to step-down the dc voltage 

according to the duty ratio of the switching pulse provided. It 

consists of an inductor, switch, diode and capacitor. The load 

voltage will be lower than that of input voltage. The 

operational modes of the buck converter are provided as 

follows: 

Mode 1: 

The mode1 operational circuit is provided in Fig. 8. 

Here, the gate pulse provided to switch S is HIGH and the 

inductor gets charged during this time period. The inductor 

voltage and load voltage are provided in the following 

equations: 

 

 

Fig. 8. Mode 1Equivalent circuit of buck converter, Vo=Vin-VL 

Mode 2: 

 The mode2 operational circuit is provided in Fig. 9. 

Here, the gating pulse provided for the switch, S is LOW and 

the inductor gets discharged during this time period. The 

load voltage is provided in the following equation: 

 

Fig. 9. Mode 1Equivalent circuit of buck converter, Vo=VL 

4. DESIGN OF FUZZY LOGIC CONTROL 

Fuzzy interference system is the main component of fuzzy 

logic system whose primary function is decision making. The 

functional diagram of fuzzy logic controller is provided in Fig 

10. 

 

Fig.10.Functional block diagram of Fuzzy Logic Controller 

Fuzzy inference system process comprises of following 

procedures: 

 Input variables are processed and undergoes the 

Fuzzification step 
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 Applying the fuzzy operator (AND or OR) process as 

per the rules. 

 Defuzzification of the fuzzy outputs 

 

The rules provided for the FLC controller is provided in 

Table I as shown below: 

TABLE I Rules of the FLC control 

ΔP/ΔV NVL NL NM NS Zero PS PM PL PVL 

NVL PVL PVL PL PM PM NL NL NVL NVL 
NL PVL PL PM PM PM NM NL NVL NVL 

NM PL PL PM PM PS NM NM NL NL 
NS PM PM PS PS Zero NS NM NM NM 

Zero PS PS PS Zero Zero Zero Zero NS NM 
PS Zero Zero Zero NS Zero Zero Zero PS PM 

PM NS NS NS NS NS PS PM PM PL 

PL NM NM NM NM NM PM PL PL PVL 
PVL NL NL NL NL NL PL PL PVL PVL 

The MPPT controller will provide the change in duty 

ratio(ΔD) which will be added with initial duty ratio and 

provided for pwm pulse generation unit. The pulse 

generated is given to the gate terminal of the boost converter 

switch. Both the FLC and ANN control operates under the 

following conditions: 

If ΔP/ΔV > 0, ΔD is +ve,     

If ΔP/ΔV < 0, ΔD is –ve.     

5. DESIGN OF ANN CONTROL 

The ANN senses the change in voltage and power and 

generates the duty ratios as per the equations (2) and (3). 

Hence if there is change in irradiation, the ANN control is 

accurate and quicker in response than any other control and 

provides the appropriate duty ratio in order to extract 

maximum PV power. The training was done with the help of 

data taken from the base system. The Levenberg-Marquardt 

algorithm used for training the neural network. This 

algorithm requires more memory but minimum time. 

Training will stop when improvement of generalization 

stops, as indicated by an increase in the mean square error 

of the validation samples. The fitting curve of the training of 

ANN controller is provided in the following graphs (Fig. 11): 

 

Fig .11.Fitting curves from neural network training 

The regression value obtained from the training of neural 
network control is 0.99953. The regression curve is provided 
in the following graphs (Fig 12): 

 

Fig .12. Regression curves from neural network training 

6. CONSTANT VOLTAGE CONTROL LOOP 

The proposed voltage mode controller block diagram is 
shown in Fig 13. The reference voltage compared with the 
measured voltage and the error voltage generated is 
provided to PI controller. The PI controller provides the duty 
ratio for buck converter so that the error voltage is to be 
reduced and reached zero.  

 

Fig .13.Constant voltage control circuit for Buck converter 

The transfer function of PI controller is provided below: 

  Gpi(s) = Kp+ Ki/S   

7. BOOST & BUCK CONVERTER DESIGN 

EQUATIONS 

The design of boost converter circuit is provided by 

following equations: 

The Duty ratio (D) of the boost converter circuit is provided 

below: 

 

The inductor value of the boost converter circuit is 

calculated by the following equation: 
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The inductor ripple current is selected using the following 

equation: 

 

The output capacitance of the boost converter circuit is given 

by the following equation: 

 

The capacitor ripple voltage is selected from the following 

equation: 

 

The design of the buck converter circuit is provided by the 

following equations: 

The Duty ratio (D) of the buck converter circuit is provided 
below: 

 

The inductor value of the buck converter circuit is calculated 

by the following equation: 

 

The inductor ripple current is selected using the following 

equation: 

 

The output capacitance of the buck converter circuit is given 

by the following equation: 

 

The capacitor ripple voltage is selected from the following 

equation: 

 

8. SIMULATION SETUP AND RESULTS 

       The simulation circuit parameters are provided in Table 

II as follows: 

TABLE II Simulation Parameters 

Parameters Values 

PV Voltage 60V 

PV Power 700W 

Boost converter 

Output voltage 

110V 

Battery Voltage 24V 

Switching    Frequency 5KHZ 

Inductors LBoost = 3.2mH 

LBuck = 0.76mH 

Capacitors CBoost = 372μF 

CBuck = 520μF 

 

The simulation circuit of the PV fed battery charging 

converters is provided in Fig 14. 

 

Fig.14.Simulation circuit of the PV fed battery charging 
converter 

In this, the irradiation is initially 1000W/m2 and at t=0.2s, 

the irradiation changed to 600W/m2. Due to this reduction 

in irradiation, the PV voltage and power is also gets reduced. 

The change in PV voltage and power due to change in solar 

irradiation is provided in the graph shown in Fig. 15. 
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Fig.15.PV voltage and power for different irradiations 

The MPPT controller is provided with PV voltage and power 

and based on the change in voltage and power, the mppt 

controller extracts the maximum possible power with the 

help of FLC and ANN tools. The simulation circuit for the 

MPPT is provided in Fig. 16. 

 

Fig.16.Simulation circuit of the FLC and ANN based MPPT 
controller 

The MPPT controller senses the change in power generated 

by PV panel and updates the duty ratio in order to extract 
maximum possible power at given conditions. The change in 

duty ratio generated from the MPPT controller is provided in 

the graph shown in Fig. 17. 

 

Fig.17.Duty Ratio generated with the help of MPPT 
controller 

The duty ratio generated from MPPT is provided to pulse 
generation circuit which generates the gating pulses for 
the boost converter switch. Based on the gating pulses, the 
output voltage of boost converter is varied. The output 
voltage and power waveforms of the boost converter are 
provided in the graph shown in Fig. 18. 

 

Fig.18.Boost converter output voltage and power 

The efficiency of the MPPT controller is provided in the 

graph shown in Fig 19. 

 

Fig.19. %Efficiency of the MPPT controller 

The efficiency measured from the above graph is 97.6% for 

Irradiation of 1000W/m2 and 96% for irradiation of 

600W/m2.The boost converter output is provided as buck 

converter input. The variations in the output voltage of boost 

converter are regulated to battery voltage of 24V with the 

help of voltage mode control circuit with PI controller. The 

Kp and Ki values of the PI controller is 0.9 and 0.1 

respectively. The battery voltage and %SOC is provided in 

the graph shown below in Fig. 20. 
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Fig.20.Battery voltage and %SOC 

The rate of charging of the batteries differs when the PV 

irradiation is changed which can be seen in the %SOC 

waveform in the above graph. 

The performance comparison of FLC and ANN based MPPT 

controllers for different irradiations are provided in Table III 

as shown below:  

TABLE III Comparitive Analysis of Performance of FLC 
and ANN based MPPT Controllers 

 

The %efficiency of ANN and FLC controllers are almost same 

for maximum irradiation 1000W/m2 and as the irradiation 

reduces, then the %efficiency of ANN is higher than that of 

FLC controller. 

9. CONCLUSION 

In this paper, PV sourced battery charging circuit was 

designed along with FLC and ANN based MPPT controllers. 

The boost and buck converters are analyzed and designed 

with PV as input and battery as load. PI controller based 

constant voltage control circuit was designed to provide load 

regulation with varying PV voltage conditions. The efficiency 

of FLC and ANN controllers are measured and compared for 

different solar irradiations. The proposed system consists of 

single PV panel and for multiple PV panels, the design of FLC 

and ANN based MPPT controller is to be modified so that it is 

also suited for partial shading conditions. 
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