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Abstract— This paper aims at producing a power supply from 

solar energy with the characteristics of solar panels under 

partially shaded. In this paper, uniform solar illumination 

model and partial shading model with four solar panels in 

series are proposed. A buck converter is adopted to adjust the 

output of solar panels obtained from a digital signal processor 

on a basis of the load impedance and the characteristics of 

solar panels. Then to obtain maximum power from a PV 

system, MPPT algorithms are implemented. So that, fuzzy 

logic based MPPT is developed and Simulation results show 

the effective of the fuzzy based controller to produce more 

stable power. 
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I. INTRODUCTION 

The growing energy demand coupled with the possibility of 

reduced supply of conventional fuels, evidenced by 

petroleum crisis, along with growing concerns about 

environmental conservation, has driven research and 

development of alternative energy sources that are cleaner, 

are renewable, and produce little environmental impact. 

Among the alternative sources, the electrical energy from 

photovoltaic (PV) cells is currently regarded as a natural 

energy source that is more useful, since it is free, abundant, 

clean, and distributed over the Earth and participates as a 

primary factor of all other processes of energy production on 

Earth. Moreover, in spite of the phenomena of reflection and 

absorption of sunlight by the atmosphere, it is estimated that 

solar energy incident on the Earth's surface is on the order of 

ten thousand times greater than the world energy 

consumption. The PV power characteristic is nonlinear, 

considering a single PV cell, which varies with the level of 

solar irradiation and temperature, which make the extraction 

of maximum power a complex task, considering load 

variations. Thus, in order to overcome this problem, several 

methods for extracting the maximum power have been 

proposed in the literature and a careful comparison of these 

methods can result in important information for the design of 

these systems. Therefore, this paper aims to assess the main 

maximum power point (MPP) tracking (MPPT) techniques 

through models in MatLab/Simulink and experimental 

results, doing depth comparisons among them with regard to 

the voltage ripple, start-up of the method, tracking factor 

(TF), and usage of sensors. It should be informed that other 

papers related to comparisons of MPPT algorithms can be 

found in the literature. However, this paper presents 

additional comparisons about the MPPT algorithms, their 

flowcharts, more interesting experimental results, and the 

improved modified MPPT proportional–integral (PI)-based 

IC and perturb and observe (P&O) methods, which presented 

outstanding performances because of their inherent 

adaptative capabilities. Finally, experimental results with 

typical daily power profile are not found in the literature for 

so many MPPT methods. PV current-versus-voltage 

characteristic. After extensive research and survey from the 

existing available technologies we have shortlisted a few 

components on the basis of some criteria and its advantages. 

The elaborate details of the components are given below: 

A. Photovoltaic panel 

A photovoltaic cell or photoelectric cell is a semiconductor 

device that converts light to electrical energy by photovoltaic 

effect. If the energy of photon of light is greater than the band 

gap then the electron is emitted and the flow of electrons 

creates current. However a photovoltaic cell is different from 

a photodiode. In a photodiode light falls on n channel of the 

semiconductor junction and gets converted into current or 

voltage signal but a photovoltaic cell is always forward 

biased. 

B. PV module 

Usually a number of PV modules are arranged in series and 

parallel to meet the energy requirements. PV modules of 

different sizes are commercially available (generally sized 

from 60W to 170W). ). For example, a typical small scale 

desalination plant requires a few thousand watts of power. 

C. PV modeling 

A PV array consists of several photovoltaic cells in series and 

parallel connections. Series connections are responsible for 

increasing the voltage of the module whereas the parallel 

connection is responsible for increasing the current in the 

array. Typically a solar cell can be modeled by a current 

source and an inverted diode connected in parallel to it. It has 

its own series and parallel resistance. Series resistance is due 

to hindrance in the path of flow of electrons from n to p 

junction and parallel resistance is due to the leakage current. 

 
Fig. 1: Single Diode Model of a PV Cell 

D. Formulation 

In this model we consider a current source (I) along with a 

diode and series resistance (Rs). The shunt resistance (RSH) in 

parallel is very high, has a negligible effect and can be 

neglected. 
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The output current from the photovoltaic array is 

I=Isc – Id     (1) 

Id= Io (eqVd/kT - 1)    (2) 

Where, 

Io = reverse saturation current of the diode 

q = electron charge 

Vd= voltage across the diode 

k = Boltzmann constant (1.38 * 10-19 J/K) 

T = junction temperature in Kelvin (K) 

From eq. 1 and 2 

I = Isc – Io (eqVd/kT - 1)                         (3) 

Using suitable approximations, 

I = Isc – Io (eq((V+IRs)/nkT) - 1)                (4) 

Where, 

I  =  photovoltaic cell current 

V = PV cell voltage 

T =  temperature (in Kelvin) 

n = diode ideality factor 

When the voltage and the current characteristics are 

multiplied we get the P-V characteristics in result. 

 
Fig. 2: P-V characteristics curve of photovoltaic 

E. Solar Panel 

The entire system has been modeled on MATLAB™ 2009a 

and Simulink™. The block diagram of the solar PV panel is 

shown in Figure 3. The inputs to the solar PV panel are 

temperature, solar irradiation, number of solar cells in series 

and number of rows of solar cells in parallel. 

 
Fig. 3: Masked Block Diagram of the Modeled Solar PV 

Panel 

II. MAXIMUM POWER POINT TRACKING ALGORITHMS 

A. An overview of Maximum Power Point Tracking 

A typical solar panel converts only 30 to 40 percent of the 

incident solar irradiation into electrical energy. Maximum 

power point tracking technique is used to improve the 

efficiency of the solar panel. According to Maximum Power 

Transfer theorem, the power output of a circuit is maximum 

when the Thevenin impedance of the circuit (source 

impedance) matches with the load impedance. Hence our 

problem of tracking the maximum power point reduces to an 

impedance matching problem. In the source side we are using 

a boost convertor connected to a solar panel in order to 

enhance the output voltage so that it can be used for different 

applications like motor load. By changing the duty cycle of 

the boost converter appropriately we can match the source 

impedance with that of the load impedance. 

B. Different MPPT techniques 

There are different techniques used to track the maximum 

power point. Few of the most popular techniques are: 

1) Perturb and Observe (hill climbing method) 

2) Incremental Conductance method 

3) Fractional short circuit current 

4) Fractional open circuit voltage 

5) Neural networks 

6) Fuzzy logic 

III. FUZZY LOGIC MPPT CONTROLLER 

Recently fuzzy logic controllers have been introduced in the 

tracking of the MPP in PV systems. They have the advantage 

to be robust and relatively simple to design as they do not 

require the knowledge of the exact model. They do require in 

the other hand the complete knowledge of the operation of the 

PV system by the designer. 

MPPT 
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The control rules are indicated in Table 1 with E and 

CE as inputs and D as the output. 

These two variables and the control action D for the 

tracking of the maximum power point are illustrated in figure 

5. 

 
Fig. 5: Membership functions of (a) error E - (b) change of 

error CE - (c) duty ratio D 

IV. SIMULATION OF THE P&O AND FUZZY 

A. Logic MPPT Controllers and Results 

The previous MPPT controllers P&O and FLC were 

simulated under the following tests: 

Constant temperature with a rapid and slow increase in the 

insolation from 500 to 1000 W/m2; 

Constant temperature with a rapid and slow decrease in the 

insolation from 1000 to 800 W/m2; 

Constant insolation with a rapid and slow increase in the 

temperature from 20°C to 30°C;  ƒ Constant insolation with 

a rapid and slow decrease in the temperature from 40°C to 

20°C. 

 
Fig. 6: Variation of the panel power, battery power and the 

duty ratio D, under standard conditions: temperature (25 °C) 

and solar insolation (1000 W/m2) 

 
Fig. 7: Fuzzy and P&O controller responses: for a fast 

temperature decrease (40 °C to 20 °C) at 1000 W/m2 of 

solar insolation 

V. CONCLUSION 

In this work, the aim was to control the voltage of the solar 

panel in order to obtain the maximum power possible from a 

PV generator, whatever the solar insolation and temperature 

conditions. Since quite a few control scheme had already 

been used and had shown some defects, it was necessary to 

find and try some other methods to optimize the output, fuzzy 

logic controller seemed to be a good idea. The controllers by 

fuzzy logic can provide an order more effective than the 

traditional controllers for the nonlinear systems, because 

there is more flexibility.  A fast and steady fuzzy logic MPPT 

controller was obtained. It makes it possible indeed to find 

the point of maximum power in a shorter time runs compared 

to the well-known P&O controller. 
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