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Abstract: Solar energy is a clean energy, renewable, and available for the 

long term. The tool used to convert the energy generated from the intensity 

of sunlight into electricity is photovoltaic panels. However, due to the high 

cost and low efficiency, the use of the energy is still kind small compared 

to other types of energy sources. Thus, the need for an effective and 

flexible models, which resemble the characteristics of the actual 

photovoltaic (PV), so that we can perform simple manipulation of some 

data to figure out how to get the maximum performance possible. The 

characteristic of the solar panel output is specific and non-linear, it depend 

on the solar irradiation and the temperature of the solar panel. Because of it, 

it makes us difficult to get the Maximum Power Point (or abbreviated MPP) 

of the solar panels. Approach: Therefore, to solve these problems required 

the modeling of the solar panel for design and simulate the algorithms of 

Maximum Power Point Tracking (MPPT) to maintain the working point of 

solar panels fixed on the MPP. Overall, the designed system results carried 

are running well. The increase in the average value of the output voltage by 

17%, from an average of 11.6 V before installation into 13.94 V after 

installation MPPT system. It also occurs in output power with an increase 

of 28%, from an average of 35.13 W before installing system MPPT into 

48.9 W after installation MPPT system. The temperature effect on module 

voltage and output power before and after installation of the MPPT system 

that after the installation of the MPPT system, the voltage output of 

photovoltaic modules can be maintained around the desired maximum 

value that’s equal to 12 V. But there was a drop in output power value 

compared to the prior installation MPPT system. This is caused by the 

output current value that cannot accommodate the value of the output 

voltage. So that the value of the output current is enough to produce the 

maximum output power is needed quantities corresponding load. 

 

Keywords: Solar panel, MPPT, Fuzzy logic method, Buck-boost DC-DC 

converter 

 

Introduction 

Energy is required in almost all aspect of everyday 

life (Sopian et al., 2009a). Depleting of fossil and gas 

reserves, combined with the growing concerns of global 

warming, has necessitated an urgent search for alternative 

energy sources to cater to the present day demands 

(Sopian et al., 2009b). Demand for electrical energy from 

time to time continue to increase. Meanwhile, the 

availability of the power supply that comes from existing 

power plants are not enough to supply the need that keep 

growing. Therefore, the need for the development of 

renewable sources of the electrical energy as an alternative 

source of energy. Renewable energy can be generally 

defined as energy derived from natural sources that exist 

around humans such as solar, wind, wave, and 

geothermal. As one of the energy sources that are 

renewable, sunlight (solar energy) it is appropriate to be 
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one of the alternative electrical energy sources that can be 

used and becoming increasingly attractive. Solar energy is 

a clean energy, renewable, and available for the long term 

of renewable energy. The use of non-renewable fuels, 

such as fossil fuel has many side effects. Their combustion 

products produce global warning, acid rain and pollution 

(Fudholi et al., 2016a; 2016b; Fudholi et al., 2015a; 

2015b; Fudholi et al., 2014a; Fudholi et al., 2010). 

The sustainable energy such as solar energy has been 

identified as one of the promising source of energy to 

replace the dependency on fossil fuels. Solar energy can 

play vital role in clean and sustainable energy sources 

(Fudholi et al., 2015c). Solar energy is a clean energy 

which has the potential to meet a significant proportional 

of the world’s energy needs (Fudholi et al., 2014b; 

2014c).  It can be broadly classified into two systems; 

thermal energy system which converts solar energy into 

thermal energy, and photovoltaic (PV) energy system 

which converts solar energy into electrical energy 

(Ibrahim et al., 2014; Fudholi et al., 2013a; 2013b). 

The tools used to convert the energy generated from 

the intensity of solar into electricity is photovoltaic 

panels/solar panels. Energy from solar panels offer several 

advantages, such as little maintenance and no 

environmental pollution. Recently, the solar panels are 

used in many applications, such as for charging batteries, 

solar power generation, solar hybrid vehicles and solar 

power satellites. However, due to the high cost and low 

efficiency, the use of the energy is still kind small compared 

to other types of energy sources. Thus, need for an effective 

and flexible models, which resemble the characteristics of 

the actual PV, so that we can perform simple manipulation 

of some data to figure out how to get the maximum 

performance possible. The use of this simple model can 

provide enough accuracy to analyze the behavior of PVs 

and has been shown to be effective in many cases. 

The solar panel featuring the basis of the power 

conversion unit of solar power generation systems. The 

output characteristics of the solar panels is specific, 

depending on solar radiation and temperature of the PVs. 

Because solar panels have non-linear characteristics, it 

makes us difficult to get the Maximum Power Point (or 

abbreviated MPP) of the solar panels. Therefore, to solve 

these problems required the modeling of the solar panel 

for design and simulate the algorithms of Maximum 

Power Point Tracking (MPPT) to maintain the working 

point of solar panels fixed on the MPP. 

In this study, used fuzzy logic method. Fuzzy Logic 

method used to find the MPP of the solar panels because 

fuzzy logic has the advantage that it is robust, and 

relatively simple to design it (Bendib et al., 2014). As a 

support for the MPPT system, used buck-boost DC-DC 

converter as a regulator of the output voltage from the 

solar panel in order to force the solar panel obtain 

maximum power at changing of irradiation level. 

Materials and Methods 

The PV module that used is BPSX60 with a 
maximum output power is 60 Watt. Therefore, the PV 
model is built based on the specifications of the PV 
module. BPSX60 photovolatic module parameters are 
shown in Table 1 at the STC. 

The stages of this study is shown in Fig. 1, flow chart 
for the following studies. 
 

 

 
 
Fig. 1. Study progress flow chart 
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Modelling PV Module 

Mathematical modeling in the PV refers to the 
modeling equation PVs. However, in order to generate 
enough energy to meet the needs of the load in generally, 
the energy generated by the PVs is very small. 
Therefore, it developed into PV modules, the module 
that consisting of multiple cells so that the equations 
used refer to the following equation (Nema et al., 2010): 
 

( )
exp 1p ph p s

s

qV
I n I n I

NKT n

 
= − −  

 
 (1) 

 
The final model of the PV module shown in Fig. 2. 

The input of this model is the working temperature of the 
module and irradiation. 

Modelling Buck-Boost Converter 

From what has been described previously on the 
circuit and mathematical model of the buck-boost 
converter, as shown in Fig. 3. Buck-boost converter can 
be modeled in MATLAB/Simulink. In 
MATLAB/Simulink, the components of buck-boost 
converter are available such as inductors, capacitors, 
diodes, MOSFET and resistors. 

In designing a buck-boost converter, it needed 
parameters to determine the resistors, inductance and 
capacitors value to be used. These parameters are 
compatible to the specifications of the photovoltaic module. 
Buck-boost converter that is modeled is a converter that can 
raise or lower the input voltage from 5-21 to 12 V. Using 
the equations described previously, can determined value of 
the components of a buck-boost converter. 

For more details, the parameters of the buck-boost 
converter as shown in Table 2. 

Determining the value of inductance and capacitance 

values in the model of the buck-boost converter are 

considered from the transient response and ripple 

generated by the circuit through the simulation. Table 3 

shows the value of each variable remains contained in 

the buck-boost converter is used. 

 
Table 1. Specification of BPSX60 solar panel 

Specification of solar panel 

Ideality diode factor of PN junction (N) 1.177 

Band gap energy (Eg) 1.12 eV 

Number of parallel-connected modules (np) 1 

Number of series-connected modules (ns) 36 

Maximum power at STC (PMAX) 60 W 

Voltage at the MPP (VMAX) 16.8 V 

Current at the MPP (IMAX) 3.56 A 

Nominal Operating Cell Temperature (NOTC) 47°C 

Short-circuit current at STC (ISC) 3.87 A 

Open-circuit voltage at STC (VOC) 21.0 V 

VOC temperature coefficient (KV) -80 mV/°C 

ISC temperature coefficient (Ki) 0.065%/°C 

 
Table 2. Buck-boost converter variable 

Variable Value 

Input voltage (Vin) 5-21 V 

Output voltage (Vout) 12 V 

Maximum power (P) 60 W 

Frekuency (fs) 5 kHz 

Ripple output voltage 1% 

Ripple output current 5% 

 
Table 3. Buck-boost converter variable 

Variable Value 

L 6.5 mH 

C 1000 µF 

 

 

 
Fig. 2.  Solar panel modelling block 
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Fig. 3. Buck-boost converter subsystem 

 

 

 
 
Fig. 4. Flowchart for fuzzy logic control design 

Modelling Duty Cycle Converter Controller Circuit 

The circuit block of a PWM signal builder is built 
to generate the required PWM signal for the buck-
boost converter. The output of the PWM block is the 
high and low conditions that have a certain proportion 
of each period. 

Design Fuzzy Logic Control for Decide Duty Cycle 

Value 

The PV voltage (VPV) on the buck-boost converter 
circuit above is made to be controlled according to the 
particular set point value given. Fuzzy logic is used to 
control the voltage value. Variables that affect VPV is 
the duty cycle. Therefore, the fuzzy logic output 
subsystem with a buck-boost converter subsystem is 
the value of duty cycle, D. 

Design of fuzzy logic controller in detail can be 
shown by Fig. 4, which consists of the design process 
from the Fuzzy Inference System. 

Fuzzy logic control used is Mamdani fuzzy rule 
based to find the MPP. PWM setting mechanism 
serves to raise and lower the output voltage of the 
DC-DC converter. 

In designing this study, input of fuzzy logic control is 
VPV and IPV, set between 0-60 VPV and IPV is set in the 
range of 0-10. 

Results and Discussion 

This simulation was conducted to determine the 
characteristics of the models that have been made. With 
the characteristics of I-V and P-V it can be seen that the 
model has been made in accordance with the theory or 
not. Figure 5-7 shows the simulation result of I-V 
characteristic of PV module for irradiation of 1000, 750 
and 500 W/m

2
, respectively. Figure 8-10 shows the 

simulation result of P-V characteristic of PV module for 
irradiation of 1000, 750 and 500 W/m

2
, respectively. 

Figure11-13 shows the simulation result of I-V 
characteristic of PV module for temperature of 25, 50 
and 75°C, respectively. Figure 14-16 shows the 
simulation result of P-V characteristic of PV module for 
temperature of 25, 50and 75°C, respectively. 
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Fig. 5. I-V characteristic for PV module  simulation result for 

1000 W/m2 
 

 
 
Fig. 6. I-V characteristic for PV module simulation result for 

750 W/m2 

 

 
 
Fig. 7. I-V characteristic for PV module simulation result for 

500 W/m2 

 
 
Fig. 8. P-V characteristic for PV module simulation result for 

1000 W/m2 

 

 
 
Fig. 9. P-V characteristic for PV module simulation result for 

750 W/m2 

 

 
 
Fig. 10. P-V characteristic for PV module simulation result for 

500 W/m2 
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Fig. 11. I-V characteristic for PV module simulation result 

for 25°C 
 

 
 
Fig. 12. I-V characteristic for PV module simulation result 

for 50°C 
 

 
 
Fig. 13. I-V characteristic for PV module simulation result 

for 75°C 

 
 
Fig. 14. P-V characteristic for PV module simulation result 

for 25°C 
 

 
 
Fig. 15. P-V characteristic for PV module simulation result 

for 50°C 

 

 
 
Fig. 16. P-V characteristic for PV module simulation result 

for 75°C 
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Fig. 17. Irradiation effect on module voltage and output power before and after installation of the MPPT system 

 
Table 4. Simulation result before installation MPPT system 

with module temperatur variations 

R (Ω) Irr. (W/m2) T (°C) Vout (V) Iout (A) Pout (W) 

4 1000 25 15.39 3.85 59.22 

4 1000 30 15.41 3.85 59.39 

4 1000 35 15.43 3.86 59.53 

4 1000 40 15.44 3.86 59.61 

4 1000 45 15.45 3.86 59.68 

4 1000 50 15.46 3.87 59.75 

4 1000 55 15.47 3.87 59.81 

4 1000 60 15.47 3.87 59.82 

4 1000 65 15.47 3.87 59.84 

4 1000 70 15.47 3.87 59.84 

4 1000 75 15.47 3.87 59.85 

 

Table 5. Simulation result before installation MPPT system 

with irradiation variations 

R (Ω) Irr. (W/m2) T(°C) Vout (V) Iout (A) Pout (W) 

4 1000 25 15.47 3.87 59.85 

4 950 25 14.66 3.67 53.73 

4 900 25 13.91 3.48 48.37 

4 850 25 13.15 3.29 43.22 

4 800 25 12.38 3.10 38.32 

4 750 25 11.61 2.90 33.69 

4 700 25 10.83 2.71 29.34 

4 650 25 10.06 2.52 25.30 

4 600 25 9.29 2.32 21.57 

4 550 25 8.51 2.13 18.12 

4 500 25 7.74 1.94 14.98 

 

The simulation photovoltaic module before 

installing MPPT system is divided into two, namely 

simulated photovoltaic module before installing 

MPPT system with variation of temperature modules 

and simulated photovoltaic module before installing 

the MPPT system with variations of solar irradiation. 

Table 6. Simulation result after installation MPPT system with 

module temperatur variations 

R (Ω) Irr. (W/m2) T(°C) Vout (V) Iout (A) Pout (W) 

4 1000 25 11.35 2.83 32.12 

4 1000 30 11.27 2.81 31.67 

4 1000 35 11.19 2.79 31.22 

4 1000 40 11.11 2.77 30.77 

4 1000 45 11.11 2.77 30.77 

4 1000 50 11.08 2.77 30.69 

4 1000 55 11.04 2.76 30.47 

4 1000 60 11.04 2.76 30.47 

4 1000 65 11.04 2.77 30.58 

4 1000 70 11.06 2.77 30.64 

4 1000 75 11.05 2.76 30.50 

 

Table 7. Simulation result after installation MPPT system with 

irradiation variations 

R (Ω) Irr. (W/m2) T (°C) Vout (V) Iout (A) Pout (W) 

4 1000 25 11.35 2.83 32.12 

4 950 25 14.17 3.54 50.16 

4 900 25 15.06 3.76 56.63 

4 850 25 15.00 3.75 56.25 

4 800 25 15.09 3.77 56.89 

4 750 25 13.88 3.47 48.16 

4 700 25 12.90 3.22 41.54 

4 650 25 15.43 3.85 59.41 

4 600 25 14.76 3.69 54.46 

4 550 25 13.46 3.36 45.23 

4 500 25 12.20 3.04 37.09 
 

The simulation results before the installation of 
MPPT system with temperature variation and solar 
irradiation variation can be seen in Table 4 and 5. 

While the results of the simulation of photovoltaic 
modules after installation MPPT system with 
temperature variation and variation of solar irradiation 
can be seen in Table 6 and 7. 
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By looking at the test results in Table 4, the effect of 

temperature on the module voltage, current and power 

generated by the solar panel module is very small. It can 

be seen from given some temperature variation with 

constant load and solar irradiation. 

While in Table 5, to see the test results, the effect 
of solar irradiation on the voltage, current and power 
generated by the photovoltaic module is very large. 
The voltage and current output generated very un-
constant and getting lower with declining the value of 
solar irradiation and therefore contributes to the 
output power continues to decline. It can be seen from 
some variation of solar irradiation given to the 
constant load and module temperature. The smaller 
the value of solar irradiation is given, then the 
efficiency of photovoltaic modules do the same. 

But after the installation of the MPPT system to the 

same conditions of temperature and solar radiation at the 

same load, the system can maintain the voltage output of 

photovoltaic modules in the range of corresponding to 

the design. The test results after the installation of MPPT 

system to photovoltaic modules on the 4 Ω load with 

variations in temperature and solar irradiation module 

can be seen in Table 6 and 7. 

Reffering to Table 5 and 7 and Fig. 17, it shown the 

effect of the installation MPPT system to the value of 

solar irradiation. Voltage and power output of 

photovoltaic module before installing MPPT system can 

not maintain the value of its output when the solar 

irradiation conditions change. But after the installation of 

MPPT system, voltage and power output of photovoltaic 

modules can be maintained around the maximum value. 

Besides that increase in the average value of the 

output voltage by 17%, from an average of 11.6 V before 

installation into 13.94 V after installation MPPT system. 

It also occurs in output power with an increase of 28%, 

from an average of 35.13 W before installing system 

MPPT into 48.9 W after installation MPPT system. 

Overall, the designed system results carried are running 

well. However, fuzzy logic algorithm that used still can 

not be perfect. Fuzzy logic algorithm that used can be 

more leverage by adding the number of membership, as 

well as other input parameters corresponding to the 

characteristics of the existing solar panels, as well as the 

design rules that can be further refined. 

Base on conclusion by Bendib et al. (2015) that 

numerical simulations (using Simulink/Matlab) were 

carried out for PV systems containing conventional and 

intellligent fuzzy MPPT controllers, under varying 

climatic conditions. The obtained simulation results are 

very promising and prove in general that the fuzzy 

MPPT controller performances, in terms of stability, 

precision and speed in the tracking of the MPP are much 

better than those of the conventional MPPT methods 

(P&O and IncCond). On the other hand, Mosal et al. 

(2012) studied the MPPT by using Model Predictive 

Control (MPC) which the algorithm that is used in this 

modification is perturb and observe algorithm (P&O). 

They concluded that this modification is applied on the 

dc-dc multilevel boost converter that is connected to PV 

modules. This modification improves the response of the 

system. MLBC extracts the maximum power from PV 

modules at any level of the irradiation and temperature. 

Conclusion 

Based on the analysis and discussion, obtained some 

conclusions as follows: 

 

• The simulation results show that the characteristics 

of photovoltaic modules model are made almost 

match the original 

• MPPT system can keep the voltage and power 

output of photovoltaic modules around its 

maximum value when the solar irradiation 

conditions are changed 

• An increase in the average value of the output 

voltage by 17% from an average of 11.6 V before 

fitting the MPPT system becomes 13.94 V after the 

installation of the MPPT system during solar 

irradiation conditions are changed 

• There was an increase in power output by 28%, 

from an average of 35.13 W before mounting 

system MPPT to be 48.9 W after the installation of 

the MPPT system during solar irradiation conditions 

are changed 

• At the temperature conditions change, the MPPT 

system can maintain the output voltage of 

photovoltaic modules around a desired maximum 

value is equal to 12 V 

• The output power of the system is still not 

maximized because of the load current is unable to 

accommodate the output voltage. Required 

appropriate load so that the current generated is 

sufficient to maximize the power generated 
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