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Abstract: The electricity which is generated from the photovoltaic (PV) module needs a couple of 

requirements for utilizing. Firstly, the PV module should work in maximum power point, and secondly, 

it is needed a power conversion unit. To calculate to Maximum Power Point (MPP) of a PV module or 

array, solar radiation, ambient temperature, cloudiness ratio, and even wind speed have to be 

considered. In this paper, the duty cycle of the power conversion unit has been calculated by considering 
solar radiation. In these calculations, a conventional method which is perturb and observation (P&O), 

and another approach which is fuzzy logic control (FLC) were studied and compared by using 

MATLAB/Simulink. 
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1. Introduction  

With the increase in energy demand, electrical production from fossil-based energy sources brings 

with it many problems such as global warming, environmental pollution, air pollution, and health threats 

[1-4]. The fact that these energy sources which will be consumed away in the next century have led 

researchers to investigate renewable energy sources. In this respect, solar energy, wind energy, water 

energy, bioenergy and their applications have become more popular energy research topics [5-8]. Solar 

energy becomes one of the most popular energy sources of electrical power generation in renewable 

energy sources. However, today, the high initial installation costs of PV systems and the fact that only 

a small part of the rays from the sun can be converted into electrical energy is the most important 

problem of PV systems. 

The DC output voltage which is directly obtained from the solar module is usually low. Therefore, 

it needs to be boosted a to higher DC voltage to meet the load or it can be converted to AC voltage. 

Also, because the energy production capacities of PV systems change at any time depending on 

temperature and radiation and it is desired to obtain high efficiency from PV systems, these systems 

must be operated at the maximum power point.  Despite the changing environmental conditions, various 

MPPT algorithms such as perturb and observation (P&O), fuzzy logic, particle swarm optimization, etc. 

have been developed in the literature to keep the amount of energy produced from solar energy at a high 

level [9]. The perturb and observation algorithm (P&O) is a widely used method for tracking the 

maximum power point in both solar and wind energy, due to its simple feedback structure, and low cost 

and ease of implementation. Also, in recent years, fuzzy logic-based controllers became more popular 

for MPPT [10]. In many recent research, in order to increase the efficiency of PV systems, the fuzzy 

logic method has been integrated into the traditional P&O method [11]. 
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 In PV energy systems, various converter circuits such as buck, boost, or buck-boost are used to 

provide a constant voltage with the desired amplitude to the load or the inverter. The proposed system 

contains a control system, solar array, a DC/DC converter, and load. In Fig. 1, the output voltage of the 

PV module is regulated and increased by using DC/DC positive lift boost converter circuit [12, 13]. The 

super-lift technique is the popular method widely used for boosting the voltage. It can be obtained higher 

output voltage value than input voltage value by using a lift boost converter circuit. A solar array has 

two inputs irradiance (G) and temperature (T). 
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Figure 1. Block diagram of the whole system 

 The paper is arranged as follows: Section II covers the positive super lift DC/DC boost 

converter. In Section III, the studied system and both P&O and FLC-based MPPT techniques are 

detailed. The simulation results are presented and discussed in Section IV. Finally, conclusions are 

provided in section V. 

2. Positive super lift boost converter 

 The positive super lift converters have very high efficiency among DC converters and it is aimed 

to raise the voltage without ripple by using these types of converters [14]. The output voltage increases 

in geometric progression stage-by-stage. This type of converter can be separated into two part such as 

the main circuit and the additional circuit.  The circuit gain can be increased with each additional circuit. 

The proposed system consists of one switching component (S), 2 capacitors, one inductor, 2 fast 

recovery diodes, and R load. The equivalent circuit has been shown in Fig. 2. 
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Figure 2. The positive super lift converter circuit 

The switch-on (turn-on) & switch-off (turn-off) equivalent circuits are shown in Fig.3 (a) and (b), 

respectively. 
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Figure 3. (a) Equivalent circuit diagram during the switch-on period; (b) Equivalent circuit diagram 

during the switch-off period. 

 

 The voltage across capacitor C1 increase to Vi during the turn-on duration. The current flowing 

through the inductance L1 increases with the current iL1 and the input voltage Vi during the conduction 

period dT. The input current ii is equal to iL1 + iC1. In the turn-off duration ((1-d)T), D1 is reverse biased 

and turns off, and D2 turns on. During the turn-off time of the switch (S), the input current is equal to iL1 

(iL1=iC2). Therefore the ripple of the inductor current iL1 and output voltage (Vo) can be calculated as; 
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3. Mppt control methods 

To increase the efficiency obtained from photovoltaic (PV) modules, these modules are required 

to operate at the maximum power point. Many theories such as perturb and observation (P&O), fuzzy 

logic (FL), pulsating conductivity (IC), and data mining are applied in the literature to determine the 

maximum power point by considering the radiation value. Figure 1 shows the block diagram of the 

system used during this study. 

 

3.1. The perturb and observation algorithm (P&O)  

 Due to its ease of application, the perturb and observation algorithm (P&O) is one of the most 

preferred methods for Maximum Power Point Tracking (MPPT). The algorithm works iteratively until 

the maximum power point is determined [15, 16]. There are multiple possibilities for the P&O algorithm 

in the literature, but the classical flow chart of the P&O algorithm is given in Fig. 4.  

 



e-ISSN 2636-7904 

International Journal of Energy and Smart Grid 
Vol 7, Number 1-2, 2022 

Doi: 10.55088/ijesg.1201016 

 

 39 

Start

V       and   I        inputs pv pv

P   (k) =  V   (k)  *   I   (k)        pv pvpv

P = P(k) - P(k-1)

V = V(k) - V(k-1)        
Δ
Δ

Δ P > 0

ΔV > 0 ΔV > 0

YES

NO

D(k) = D(k-1) -   D      Δ ΔD(k) = D(k-1) +   D      ΔD(k) = D(k-1) +   D      D(k) = D(k-1) -   D      Δ

Update Values

V(k-1) = V(k) and P(k-1) = P(k)        

YES YES

NO

NO

 

Figure 4. Flow Chart of P&O Algorithm 

When the flow chart is examined, it can be observed that the voltage and current are selected as 

the initial value. The power of the PV module is calculated by using these values. During continuous 

operation, an instantaneous power value is calculated using the current (I) and voltage (V) information 

obtained with the help of sensors. By comparing this power value with the previous power value, the 

power change is calculated (ΔP). Also, when calculating the power change, the change in the voltage 

(ΔV) and the change in current (ΔI) are calculated. MPPT is performed with these calculated values. 

While making this determination; if the ratio is bigger than 0, the operating point is the left of the 

maximum power point, if the ratio of is lower than 0, the operation point is the right of the maximum 

power point, and if the ratio of is equal to 0, the operating point is at the maximum power point. This 

situation is illustrated in Fig. 5. 
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Figure 5. P&O Algorithm 

 

The duty ratio of the positive super lift converter is controlled by the output of the P&O algorithm 

which has been shown in Fig. 6. 



e-ISSN 2636-7904 

International Journal of Energy and Smart Grid 
Vol 7, Number 1-2, 2022 

Doi: 10.55088/ijesg.1201016 

 

 40 

 

Figure 6. The MPPT tracking with P&O 

3.2. The fuzzy logic control (FLC) algorithm 

 The use of fuzzy logic controllers in a PV system has significant increase year by year. In 

particular, FLC has become popular due to its superior ability to deal with the nonlinearity and 

uncertainties of any system and its easy design. Also, it has expanded its use in PV system applications 

because it is durable and does not require full knowledge of the system model compared to other control 

methods [17]. 

 In this study, the power change was obtained by calculating the power with the current and 

voltage information coming from the PV panel and subtracting it from the previous power value, and 

the error (e) and error change (de) inputs produced by the panel, based on the voltage changes obtained 

by subtracting the current voltage from the previous voltage value, membership transforms it into 

linguistic variables with functions. The flow chart of FLC MPPT method has been shown in Fig. 7 

[18,19].  
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Figure 7.  Flow chart of FLC Algortihm 
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 To implement the MPPT algorithm, the fuzzy logic designer function from MATLAB has been 

used. The controller's inputs are error (e) and variations in error (de) are calculated by using Eq.(3) and 

(4) [20]: 
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 In this study, Mamdani’s approach has been used as the fuzzy inference technique. In this 

technique, it is based on the max-min conditions. Also, triangular curves as fuzzy membership functions 

(MFs) have been used. Five MFs are used for better accuracy; however, it takes more processing time 

and demands more memory. The linguistic variables which are shown in Fig. 8 are denoted as NB 

(negative big), NS (negative small), ZE (zero), PS (positive small), and PB (positive big). The developed 

25 rules are given in Table I. 

 

Figure 8.  The FLC membership functions 

Table 1. Fuzzy rules tables 

e/de NB NS ZE PS PB 

NB NB NB NS NS ZE 

NS NB NS NS ZE PS 

ZE NS NS ZE PS PS 

PS NS ZE PS PS PB 

PB ZE PS PS PB PB 

 

 The duty ratio of the converter is controlled by FLC. The maximum power point of solar array 

which is used fuzzy logic algorithm has been shown in Fig. 9. 

 

Figure 9. The MPPT tracking with FLC 
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4. Design and simulation results 

The electrical characteristics of a PV module that have been used, given by the manufacture’s 

data sheet at the nominal temperature of 25oC and average solar spectrum at AM 1.5, are shown in Table 

II.  

Table 2. Electrical Characteristics of LNSE-245P PV Module 

Optimum Operating Voltage (Vmp) 30V 

Optimum Operating Current (Imp) 8.7A 

Open Circuit Voltage (Voc) 37.1V 

Short Circuit Voltage (Isc) 8.74A 

Max. Power (Pmax) 245W 

 

 In the simulation, 5 series modules connecting 2 parallel strings have been used. In Fig. 10, 

Power-Voltage (Ppv/Vpv) and Current-Voltage (Ipv/Vpv) curves have been shown.  

 

 
Figure 10. Caracteristiques of the PV array 

 

 Simulation results have been taken under various irradiance conditions such as 1000 W/m2, 800 

W/m2, and 600 W/m2. The parameters of the DC/DC converter are used as Cf=4400µF, C1=C2=2200µF, 

L=10mH, and R=80Ω. 
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(a)      (b) 

Figure 11. Simulation results for (a) P&O controller, (b) FLC for 1000 W/m2 irradiance value 

Fig. 11 (a) and (b) show the simulation results for both P&O and FL controllers with 1000 W/m2 

irradiance value, respectively. In the Figures, Vo represents the output voltage value of DC/DC converter 

and Vpv represents the output voltage value of PV array. 

In Fig. 12, the simulation results were obtained with 800 W/m2 irradiance value.  
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Figure 12. Simulation results for (a) P&O controller, (b) FLC for 800 W/m2 irradiance value 
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The simulation results for 600 W/m2 irradiance value for both P&O and FLC algorithms have 

been shown in Fig.13.   

 
(a)       (b) 

Figure 13. Simulation results for (a) P&O controller, (b) FLC for 600 W/m2 irradiance value 

 

 In Fig. 14., the output voltage of PV, the output voltage of DC/DC converter with P&O 

controller, and the output voltage of DC/DC converter with FLC are given for 1000 W/m2 irradiance 

value.  

 

Figure 14. Simulation results of PV array and DC/DC converter for P&O controller and FL controller 

with 1000 W/m2 irradiance value 

5. Conclusion 

 The progressive decrease of fossil fuels and environmental concerns lead researchers to research 

other energy sources such as solar, wind, etc. In the literature, many various systems were designed to 

convert the irradiation coming from the sun into electrical energy. For this purpose, solar panels are 

highly preferred. In this work, the positive super lift converter and PV array has been modelled and 

designed by using MATLAB/Simulink simulation program.  P&O and fuzzy logic methods were 

proposed and used to achieve to maximum power from photovoltaic array. It is aimed to achieve higher 

sensitivity and the fastest system responses to changes in irradiance and temperature levels by this work. 

Therefore, two different MPPT methods have been simulated and compared. 
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 In the conventional DC/DC converter circuits, an increase of the voltage is carried out up to a 

certain limit, while in the positive super lift converter circuits, this situation enables higher values to be 

reached. For this reason, the positive super lift converter is used in this study. It is an advantageous 

situation for this circuit as it responds faster and reaches the desired maximum power point in a lower 

duty period. In this way, more energy can be transferred to the grid or higher voltage levels can be 

achieved for individual users. 

 As a result, it can be concluded that the FLC algorithm is very sensitive and consume significant 

computational resources. Also, it is seen that FLC based MPPT controller has better extraction of the 

maximum power from PV modules. 
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