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Abstract - The photovoltaic (PV) energy is one of the renewable energies that attract attention of researchers in the recent 

decades. Since the conversion efficiency of PV arrays varies according to temperature and radiation. In this paper an 

intelligent method of maximum power point tracking (MPPT) using fuzzy logic control for PV system. The PV system is 

composed of PV array, buck converter, and MPPT controller. Fuzzy logic controller (FLC) is easy to implement, and does 

not need knowledge of the exact model of the system. Simulations results compared with conventional perturb and 

observation (P&O) technique show the effectiveness of the fuzzy logic controller under steady-state and varying weather 

conditions. 
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I. INTRODUCTION 

 

Global energy crisis and threat of environment 

disorder has become a common concern worldwide 

[1]. The demand of electrical energy is growing 

constantly. The conventional sources of energy like 

thermal are having serious issue of having limited 

reservoirs which may end in the next few decades. 

The carbon emissions from the power plants using 

conventional sources are adding serious threat to the 

environment. Also other source of energy i.e. nuclear 

is possessing serious threat to the safety of human 

being. Nowadays, the renewable energies are 

growingly used. The photovoltaic (PV), fuel cell, 

wind farm and biomass are the most common 

sources. Among these sources, the PV systems 

aredominant because of their availability and 

reliability. Regardless of the intermittency of 

sunlight, solar energy is widely available and 

completely free of cost. Solar Photovoltaic (PV) is 

used to convert solar energy into electrical energy. 

The complete solar energy conversion system 

consists of Solar PV, Power electronics converters 

and control unit to regulate the power extracted from 

solar PV. Even though the PV system is posed to its 

high capital fabrication cost and low conversion 

sefficiency, this energy is a naturally viable energy 

supply with potentially long-term benefits. Even 

though the PV system is posed to its high capital 

fabrication cost and low conversion efficiency, this 

energy is a naturally viable energy supply with 

potentially long-term benefits. 

 

The solar energy is directly converted into electrical 

energy by solar PV module. Each type of PV module 

has its own specific characteristic corresponding to 

the surrounding condition such as irradiation, and 

temperature and this makes the tracking of maximum 

power point (MPP) a complicated problem. To 

overcome this problem, many maximum power point 

tracking (MPPT) control algorithms have been 

presented [2-7] Fuzzy logic (FL) has been used for 

tracking the MPP of PV modules because it has the 

advantages of being robust, relatively simple to 

design and does not require the knowledge of an 

exact model. In this paper, mathematical models of 

the PV module, DC-DC converter, are used in the 

study of FL based MPPT algorithm. The Paper is 

organized as mathematical modeling of PV generator, 

DC- DC buck converter and FL based MPPT 

controller. 

 

II. PHOTO VOLTAIC SYSTEM MODE 

 

The system studied in this paper is a stand- alone PV 

system within backup batteries. As shown in Fig.1, 

the system consists of a PV generator, battery bank 

and DC-DC Converter. The Fuzzy logic based MPPT 

control is performed by adjusting the duty ratio of the 

DC-DC converter. 

 
Fig 1: Block diagram of the stand-alone PV system 

 

Photovoltaic generator model 
The PV generator is formed by the combination of 

many PV cells connected in series and parallel to 

provide desired value of output voltage and current. 

Solar cell consists of one diode parallel with a photo-

current source. To get more accurate model series 

resistance and parallel resistance added to this 

combination 
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Fig.2 (a) represents equivalent circuit of one- diode 

model of a PV solar cell. Therefore, the I-V 

characteristic equation of a PV array (arranged in NP 

parallel and NS series solar cell) can be described as, 

 

 
 

Where: I and V are the output current and output 

voltage of the PV array, Io is the diode's reverse 

saturation current, a is the diode ideality factor, Rs 

and Rp is the series and parallel resistance 

respectively. Other variables are defined as follows: 

(VT=KT/q) is the thermal voltage of the PV cell, q is 

the electron charge (1,602·10-19 C), k is the 

Boltzmann constant (1,380·10-23 J/K), and T is the 

temperature of the p–n junction in Kelvin (K). Iph is 

the generated photo-current, mainly depends on the 

insolation G and cell’s temperature T, which is 

described as 

 

 
 

Where Iph_STC (in Ampere, A) is the generated 

photo-current at Standard Test Conditions (STC), 

TSTC (25°C) and GSTC (1000 W/m2) are the 

temperature and the irradiance at STC. The constant 

Ki is the short circuit current coefficient, normally 

provided by the manufacturer. On the other hand, the 

cell’s saturation current Io varies with the cell 

temperature, which is described as 

 

 
 

Where Voc, STC (in Volt, V) is the open circuit 

voltage at STC; Kv is the open circuit voltage 

coefficient, these values are available from the 

datasheet. In this paper, the PV module is used for a 

Matlab simulation model. The module is made of 36 

multi-crystalline silicon solar cells in series and 

provides 244 W of nominal maximum power. The PV 

module specifications are listed in Table1 

 

 
Fig. 2. (a) Electrical circuit model of PV solar cell; 

 
(b) I–V and P–V Characteristics of a PV module under STC 

conditions. 

 

Using the PV generator model given by previous 

equations, and the electrical specification listed in 

Table 1, current–voltage (I-V) and power–voltage (P-

V) characteristic curves for different temperature and 

insolation levels can be plotted. Fig.2 (b) shows the 

I–V and P–V characteristics of a PV module under 

STC conditions of 25°C temperature and 1000 W/m2 

of insolation. There is a unique point on the P–V 

curve, known as the maximum power point (MPP), in 

which at this point the solar module is said to operate 

at maximum efficiency and produces its maximum 

output power (Pmax) correspondent to a specific 

current (Impp) and voltage (Vmpp). This point also 

changes with environmental conditions of 

temperature and insolation as shown in fig.3. The PV 

module output current (I) and power (P) are greatly 

influenced by the change in radiation G, whereas the 

output voltage V stays approximately constant 

(fig.3.a). In contrast, for an increasing temperature 

one can see that the voltage decreases widely while 

the current remains unchanged (fig.3.b). 

 
Table 1. Electrical characteristics data of PV module. 

 

Fig. 3 I–V and P–V characteristics of a PV module: 

 
Fig (a): for various values of irradiance at a temperature of 

25°C 
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Fig (b): for various values of temperature at irradiance of 1000 

W/m2 
 

III. DC-DC CONVERTER 
 

In order to ensure the operation point on the 

maximum power point, or close to it, specific circuit, 

called Maximum Power Point Tracker (MPPT), is 

employed. Usually, the MPPT is achieved by 

interposing a power converter (DC- DC converter) 

between the PV generator and the load (battery), thus, 

acting on the converter duty cycle (D) it is possible to 

guarantee the operation point as being the MPP [8]. 

Fig. 4 shows the circuit of the buck converter, whose 

output voltage (Vb) is less than or equal to the input 

voltage Vi (PV generator voltage). 

 

 
Fig. 4. The buck DC-DC converter circuit. 

 

The switch S operates at a high frequency to produce 

a chopped output voltage. This converter is suitable 

for use when the array voltage is high and the battery 

voltage is low. The power flow is controlled by 

adjusting the ON/OFF duty cycle of the switching 

[8]. The average output voltage is given by equation 

(4),[10]. 

 
The buck converter can be used to drive a low voltage 

load from a high voltage PV array, and it can operate 

efficiently at any insolation level. Therefore, the 

utilization of the buck converter in PV applications, 

which contain lower voltage batteries, is highly 

recommendable [8]. The dynamic model of the used 

buck converter (fig.4) can be derived as, 

 
IV. FUZZY LOGIC CONTROLLER FOR MPPT 

 

Fuzzy logic or fuzzy set theory is a new method of 

controlling the MPPT in obtaining the peak power 

point [11].Typical fuzzylogic based MPPT controller 

includes three basic components, fuzzification 

module, inference engine and defuzzification 

module[11] 

 

Fuzzification 
The fuzzification makes it possible to pass from the 

real variables to fuzzy variables. The actual voltage 

(V) and current (I) of PV generator can be measured 

continuously and the power can be calculated (P = 

V×I). The control is determined on the basis of 

satisfaction of two criteria relating to two input 

variables of proposed controller, namely error E 

(which represents the slope of P-I characteristic) and 

change of this error (CE), at a sampling instant k [9]. 

The variable E and CE are expressed as follows, 

 
Where P(k) and I(k) are the power and current of the 

PV generator, respectively. Therefore, the input E(k) 

shows if the operating point at the instant k is located 

on the left or on the right of the MPP on the P-I 

characteristic, while the input CE(k) expresses the 

displacement direction of this point . The change in 

duty ratio of the DC-DC converter is used as the 

output of proposed controller. Therefore, the control 

is done by changing this duty ratio according to the 

slope E(k) in order to bring back the operation point 

on the optimal point where the slope is zero. As 

shown in fig.5, the input variables of the fuzzy 

controller (E, CE) are derived from the actual signals 

(e, ce) by multiplying with the corresponding scale 

gains (SE, SCE), and then converted to the linguistic 

variables such as PB (positive big), PS (positive 

small), Z0 (zero), NS (negative small), NB (negative 

big) using basic fuzzy subset. Fig.6 shows the 

membership grades of five basic fuzzy subsets for 

input and output variables. 

 

Inference engine 
The inference engine applies rules to the fuzzy inputs 

(that were generated from the fuzzification process) 

to determine the fuzzy outputs. Therefore, before the 

rules can be evaluated, the crisp input values must be 
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fuzzified to obtain the corresponding linguistic 

variables (that are necessary to determine the active 

are fired values) and the degree to which each part of 

the antecedent has been specified for each rule[10]. 

Table.2 show the rule table of fuzzy controller, where 

all the entries of the fuzzy sets of error(E) change of 

error(CE) and change of duty ratio to the converter 

 

 
Fig.6. Membership functions for: 

 

 
Table.2.Fuzzy rules 

 

The 25 control fuzzy rules included in Table.2 can be 

presented in 3-dimenesions(3-D) graph as shown in 

fig 7(a).These rules are employed for the controlling 

of the DC-DC buck converter such as the MPP of the 

PV generator is reached. As shown in the Tbale.2, the 

main idea of the rules is to bring operating point to 

the MPP by increasing or decreasing the duty ratio 

depending on the position of the operating point from 

the MPP. If the operating point is distant from the 

MPP, the duty ratio will be increased or decreased 

largely. Fig(7b) demonstrates an example of control 

rule: IF E is PS AND CE is NB THEN delta D is PB. 

This implies that if operating point is distant from 

MPP towards left hand side and the change of slope 

in P-I characteristics is big in opposite direction, then 

duty ratio is largely increased. 

 

In general the fuzzy control uses one of following 

methods: Max-Min, Max-Prob, Somme-Prob 

inference technique. In our case we need the 

inference method of Mamdani[11], which is the Max-

Min fuzzy combination. 

 

 
Fig.7.(a): The overview of control rules, 

 

 
Fig .7(b): Rule viewer in Matlab windows of fuzzy logic 

controller. 

 

Deffuzzification 
It was seen that the inference methods provide a 

function for the resulting membership variable; it thus 

acts of fuzzy information. Being given that converter 

DC-DC requires a precise control signal D at its entry 

it is necessary to envisage a transformation of this 

fuzzy information into deterministic information, this 

transformation is called defuzzification. 
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Defuzzification can be performed normally by two 

algorithms: Center of Area (COA) and the Max 

Criterion Method (MCM). The most used 

defuzzification method is that of the determination of 

the centre of gravity (COA) of final combined fuzzy 

set. The final combined fuzzy set is defined by the 

union of all rule output fuzzy set using the maximum 

aggregation method [11]. For a sampled data 

representation, the Centre of gravity (delta D) is 

computed point-wise by, 

 
Once the fuzzy controller output, which is the change 

of duty ratio, is defuzzified by (8) and scaled by the 

gain, it is converted in to actual duty ratio D (k)by: 

 
V. SIMULATION RESULTS 

 

Fuzzy logic toolbox of Simulink is used to achieve 

the FLC [11]. Then, the fuzzy logic (FL) based 

MPPT controller is simulated. 

 

 
Fig 8: Block diagram of fuzzy MPPT algorithm 

 

Fig.9 shows, by way of comparison the simulation 

results of the PV generator output power, operating 

voltage, operating current, and the duty ratio D using 

a buck converter under standard test conditions (STC) 

FL and compare with conventional perturb and 

observation technique. It has seen clearly show FL 

based MPPT controller reduced the response time of 

photovoltaic system and also observed the loss of 

energy in P&O technique. The reason for loss of 

energy in P&O is continuous oscillation which is less 

in FLC. 

 

A rapid increase in cell temperature from 25°C to 

50°C within a time period of 2 seconds was simulated 

(Fig.11). The irradiation was kept at a constant value 

of 1000W/m2. Fig.11 shows how the ouptput power 

decreases linearly in FL and P&O,but a low deviation 

experienced in conventional P&O MPPT technique 

 
(a) 

Fig.9. (a) Comparison of two MPPT (FL and P&O) signals 

 
(b) 

Fig9.(b) Comparison of detailed signals MPPT at a frequency 

of 10 Hz (STC). 
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Fig.10 .Signals of the MPPT (FL and P&O) techniques under rapidly increasing irradiation 

 

 
Fig.11 Signals of the tow MPPT (FL and P&O) techniques under rapidly increasing temperature. 

 

VI. CONCLUSION 

 

As the PV array has maximum power point with the 

change in radiation and cell temperature. Fuzzy logic 

based MPPT is developed to operate particular 

operating voltage by identifying the MPP. The Fuzzy 

logic controller has been designed and implemented 

in Matlab- Simulink environment, which provides a 

better response than P&O technique. 
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