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A B S T R A C T  
 

 

In this paper, we present a modeling and implementation of new control schemes for an isolated 
photovoltaic (PV) using a fuzzy logic controller (FLC). The PV system is connected to a load through 

a DC-DC boost converter. The FLC controller provides the appropriate duty cycle (D) to the DC-DC 

converter for the PV system to generate maximum power. Using FLC controller block in 
MATLABTM/Simulink environment simplifies its implementation. However, all the parameters of the 

FLC blocks are not accessible and can not be modified without redesigning it each time, causing the 

loss of considerable time to control our system. To avoid these drawbacks and to simplify both the 
access and the plot of all blocks, a modelisation of FLC membership’s functions has become a 

necessity. The simulation and experimental tests on a PV system show that the FLC provides a good 

tracking of the maximum power point (MPPT). Finally, we have evaluated the operation of the FLC on 
a real system consisting of a photovoltaic panel (BP580) model and have implemented the control 

strategy on a digital signal processor dSPACE DS1104. 
doi: 10.5829/ije.2018.31.04a.09 

 

 
1. INTRODUCTION 1 
 

Currently the photovoltaic solar energy is considered as 

one of the most promising renewable energy sources 

because of its high availability anywhere in the world 

and the absence of contaminating effects. Many cells are 

grouped in one module (or panel), and many modules 

form a photovoltaic (PV) generator. A PV module has 

nonlinear steady-state characteristics expressed as either 

current versus voltage (the I-V curve), or as power 

versus voltage (the P-V curve). The I-V and P-V curves 

of a PV system vary with the solar insulation 

(irradiance) and cell temperature. The MPP is defined as 

the maximum power where the power drawn from the 

PV cell is high. The value of the maximum power 

(PMPP) is obtained by multiplying the voltage at the 

maximum power point (VMPP) by the current at that 

point (IMPP) [1]. 

                                                           

*Corresponding Author’s Email: boutabba_tarek@yahoo.fr (T. 

Boutabba) 

This paper develops a control of DC-DC converter 

connected to an isolated PV system in order to transfer 

the maximum possible power to the load. The PV 

system performances depend largely on the appropriate 

design and control power conditioner (in our case DC-

DC boost converter) that allows the extraction of the 

highest possible power of the PV generator. This 

implies that the PV generator must be running 

permanently at its maximum power point (MPP). 

Therefore, a good performance of the controller that 

performs the tracking of the maximum power point 

(MPPT) becomes the key element in the successful 

operation of a PV installation [2, 3]. 

The MPP tracking control is a challenge for PV 

systems designers because the environmental conditions 

(solar radiation and temperature) determine the amount 

of solar energy incident in the PV generator. Since these 

environmental conditions are continually changing 

(natural change of radiation during the day, passing 

clouds, wind, rain, etc.), PV installation must be adapted 
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to supply the maximum power load possible for each 

new operating condition [2]. The change in 

environmental conditions causes a change in I-V and P-

V characteristics of the panels which are strongly 

nonlinear. This nonlinearity makes the use of some 

conventional tracking algorithms very difficult at certain 

operating points, which for example requires the 

maximum delivered power. 

Numerous methods have been developed in order to 

track the maximum power point such as the Extremum-

Seeking Control (ESC) or algorithm called 

"Perturbation and observation "(P&O). The   P&O 

algorithm, without doubt, is the most used in 

commercial systems (due to its simplicity, easy 

implementation and no longer need for radiation or 

temperature measurements) [4]. If the power increases, 

the operating point moves toward the MPP and, thus, 

the operating voltage must be changed in the same 

direction. On the other hand, if the power extracted 

from the PV generator decreases, then the operating 

point will move in the opposite sense to the location of 

the MPP. This algorithm may fail to track the point of 

maximum power since performance depends largely on 

the choice of the perturbation size value used. The value 

of this disturbance is usually calculated by testing 

and/or simulation tests [5]. In recent years, some control 

techniques, not conventional and artificial, such as the 

fuzzy logic algorithm and the neural networks (ANN) 

have been developed [5, 6]. The application of these 

algorithms varies with their complexity and 

convergence speed of the maximum power point.  

Usually in the FLC controller, a large number of 

rules are used in the configuration and setting in order to 

have a good performance, what require a high number 

of operations on the system. Also, the use of the 

conventional Toolbox of FLC of the MATLABTM limits 

the visualization and accessibility to the whole parts 

(fuzzification, rules, and defuzzification). In order to 

overcome this drawback, we choose to model our own 

fuzzy logic controller FLC algorithm for a maximum 

power tracking. In this program we use the lock-up-

table and the accessibility of all blocks is easy. To 

validate our algorithm in real time, we will use the 

dSPACE DS1104 system.  

The paper is organized as follows. In Section 2, the 

solar cells modeling and theirs characteristics are 

presented. In Section 3 the used DC-DC converter is 

given. In Section 4 the MPPT Fuzzy logic controller is 

presented. In Sections 5 and 6 the proposed control 

scheme is implemented and the experimental results are 

commented. 
 

 

2. SOLAR CELL MODEL 
 

2. 1. Conventional One Diode Electrical Model        
For the design of the PV panel model in MATLABTM/ 

Simulink, the equation that defines the behavior of a 

solar cell is as follows [7-16]: 
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The photo generated current IPV depends on variations in 

irradiation and temperature. The defined parameters and 

variables are:  

q=1.6021.10-19 C- Elementary charge, 

K=1.3810-23 J/K- Boltzmann constant 

T- Temperature in degrees Kelvin,  

n - Diode ideality factor,  

IL- Photo-generated current, 

Io- Reverse saturation current of the diode, 

V- Voltage panel, 

I- Current panel, 

Rs- Internal resistance in series, 

Rsh- Internal resistance in parallel. 

The PV panel arises from the need to adjust the 

levels of voltage and current of the PV generator to the 

requirements of the electricity system which it feeds. 

For this reson, PV cells are arranged in series or parallel 

depending on the needs. Equation (2) characterizes the 

behavior of a PV array: 
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(2) 

where Ns is the number of cells in series and Np is the 

number of cells in parallel. 

The parameters that determine the functioning of a 

cell are reflected in Figure 1. Isc which is the short 

circuit current and Voc that is the open circuit voltage 

represent the coordinates of the maximum power point 

of photovoltaic array (MPP). 

AMATLABTM/Simulink model of the current in 

Equation (2) (solved iteratively) allows us to plot both 

the current-voltage (I-V) and the Power-Voltage (P-V) 

characteristics for different values of irradiation and 

temperature in Figure 1. From Figure 1(a) we can 

observe the proportionality of the photo current with the 

variation of irradiation. Figure 1(b) shows that the 

terminal voltage increases with decreasing temperature 

[17]. 
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3. DC-DC BOOST CONVERTER 
 

The boost converters have the function of raising the 

input voltage in the proposed system. In order to 

increase the efficiency of the system, the  MPPT was 

implemented to control the DC-DC converters. In this 

way the controller varies the duty cycle of the converter 

to control the drained current and the voltage at the 

terminals of the panel to follow the point of maximum 

power of the characteristic curve. 

This converter is introduced between the PV array 

and the load. The averaging concept between the input–

output voltages for continuous conduction mode of DC-

DC boost converter is given by: 

1

1

o

in

V

V D



 (3) 

where, D is the  duty cycle. Since the duty cycle “D” is 

between 0 and 1 the output voltage must be higher than 

the input voltage in magnitude [10, 12, 18].

  

 

4. CONTROL STRATEGY OF PHOTOVOLTAIC 
SYSTEM   
 

Many research works have been carried out to develop 

various MPPT control algorithms in which the well-

known algorithms are the perturbation and observation 

(P&O) technique or the incremental conductance 

technique. This paper presents the application of Fuzzy 

Logic Controller (FLC) as an intelligent MPPT method 

of a PV system [6-11].  

 

4. 1. MPPT Using Fuzzy Logic Controller     

Controllers implemented with fuzzy logic have the 

advantage of not requiring a mathematical model for the 

treatment of non-linearity of the system. The fuzzy logic 

control consists of three stages: fuzzification, 

knowledge base and defuzzification. 
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Figure 1. Sollar cells charactirisics according to (a) irradiation 

and (b) temperature on P-V  

As shown in Figure 2, the output voltage of the PV 

module is fed back to the block «fuzzification» which is 

converted to fuzzy language. The block «mechanism 

inference» driven by "rule base" block can then make 

decisions based on fuzzy logic, which will be returned 

to the system by “defuzzification” block. This last block 

is responsible for converting the information of fuzzy 

language to a numeric variable. This process provides 

an analog signal that will control the duty cycle of the 

PWM converter, then vary the MPP of the PV panel [8]. 
The input variables of the FLC are the change in PV 

array voltage (∆Vpv) and in current (∆Ipv), whereas the 

output of FLC is the duty cycle (∆D). The classical 

representation of the universe of discourse for the input 

variables (∆Vpv) and (∆Ipv) and the output variable ∆D 

are assigned in terms of their linguistic variables by 

using five fuzzy subsets, and also their membership 

functions for the variable are represented respectively in 

Figures 2 and 3. Based on this universe of discourse, the 

modeling of the MPPT FLC will be presented in the 

next section. 

 

 

 

   
  

 
Input variable ΔIpv  Input variable ΔVpv  

 
Figure 2. Memberships functions of the 1st and 2nd inputs 

respectively the variables (∆Ipv) and (∆Vpv) 

 

 

 

   

Ouput variable ΔD 

 
Figure 3. Membership functions of the output variable (∆D) 



583                                T. Boutabba et al. / IJE TRANSACTIONS A: Basics  Vol. 31, No. 4, (April 2018)   580-587 
 

4. 2. Modelisation of Fuzzy Logic Controller   The 

modelisation of FLC controller in Simulink 

environment is based on the fundamental principle of 

the fuzzy logic which is divided in three parts 

(fuzzification, fuzzy rule, defuzzification) as shown in 

Figure 4.  

 

4. 2. 1. Fuzzification      Fuzzification is the process 

which makes any numerical quantity, also called crisp 

in literature, fuzzy quantity. It is therefore a function 

that ensures a certain degree of imprecision to a 

numerical value, mapping the physical value of a 

variable of a process in a standardized universe of 

discourse [6]. In fuzzification phase the controllers 

create two input variables: the voltage (ΔVpv) and the 

current (ΔIpv) produced by the PV panels, where their 

crisp universes are partitioned into five different fuzzy 

subsets giving rise to total twenty-five subsets in fuzzy 

output universe. Also, the duty cycle as an output 

variation ΔD has five different fuzzy subsets. For 

partition of crisp universe, triangular membership 

function has been used [7-11]: 
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where, x is the crisp variable and var1, var2 and var3 are 

critical crisp points corresponding to left end, peak 

value and right end of the crisp universe.  

 

4. 2. 2. Defuzzification        In defuzzification, which 

is the reverse process of fuzzification, the language 

variable value output, inferred by the fuzzy rules, will 

be translated into an output value. This value is what 

best represents the inferred fuzzy values of the output 

linguistic variable, the distribution possibilities [8]. 

 

 

 

 
Figure 4. The model of FLC controller in Simulink 

In times that require a numeric answer, the fuzzy output 

set is transformed into a unique value for the 

defuzzification process, ie, the output value of linguistic 

variable inferred by the fuzzy rules is translated into a 

numerical value (crisp) that will act in the process to 

regulate it. The term defuzzification is equivalent to 

processing fuzzy- scale, corresponding to a mapping of 

the fuzzy control actions space and set on the universe 

of discourse for the space not fuzzy or scalar actions. 

The used methods are Center of Gravity (CoG) or Area 

of Center (CoA) as presented in Figure 4. This method 

calculates the duty cycle variation ΔD output, by 

determining the centroid of area composed which is the 

fuzzy output function.  
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4. 2. 3. Fuzzy Rules          The phases of fuzzification 

and defuzzification are directly related. Acquiring 

numerical values, normalized by the input variables, are 

generated in a form of discrete control signals which 

will become the control variable. This relationship 

between the inputs ΔIpv, ΔVpv and the output ΔD is 

performed by fuzzy inference step. Figure 4 illustrates 

the connection between the input and the output of the 

controller. In the fuzzy inference of this project, for the 

composition of each control rule and the relationship 

between them, we used the MAX-MIN inference 

technique. The fuzzy method applied to the modeling of 

controllers was  proposed  by  Mamdani.  This  method  

enabled preparing strictly linguistic rules. All developed 

control actions are inserted in the rules Table fuzzy 

controllers [11]. This Table was constructed initially on 

the basis of suggestions and for typical response curves 

of a closed-loop system. They propose a controller with 

two input variables and one control variable, which are 

associated with five membership functions triangular for 

each variable. The fuzzy based rules used in this paper 

are shown in Table 1. Five linguistic variables have 

been used. Specifically, NB represents a “Negative Big” 

value, NM is “Negative Middle,” ZE is zero, PM is 

“Positive Middle,” and PB is “Positive Big”. 
 
 

5. REAL TIME IMPLEMENTATION OF PROPOSED 
AND EXISTING MPPT TECHNIQUES 
 

5. 1. Hardware Details      Four panels mono-

crystalline solar PV modules (BP580) of specifications 

mentioned in Table 2, with boost converter have been 

used for experimental analysis of proposed and existing 

MPPT techniques. 

In this section we will check the performance of the 

FLC modeling driver that has been proposed in this 

work. For this we are going to use the control system in 
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real time based on DS1104 of dSPACE. This control 

platform provides libraries to establish communication 

with the MATLABTM/Simulink environment. dSPACE 

libraries allow you to include I/O blocks that 

communicate with SIMULINK diagrams so that the 

input blocks allow you to obtain signals from the actual 

system being controlled and the output blocks allow you 

to send signals to the system been controled. 

SIMULINK diagrams can be converted to C code 

using the Real-Time Workshop (RTW) Toolbox. This 

code C is compiled and an executable is sent to the 

Digital Signal Processor (DSP) integrated in the 

DS1104 card which is in charge of executing the real- 

time control algorithm. The software provided by 

dSPACE includes a graphical interface called Control 

Desk that allows monitoring and control in real time and 

shows the evaluation of the new modeling of FLC 

MPPT. This software also allows to save the results of 

the experimental tests that are done in files of data that 

later can be processed and represented graphically in the 

MATLABTM environment. 

Figure 5 shows the block diagram of the hardware 

configuration where you can see the PV panels, the DC-

DC converter, the DS1104 control platform and the 

resistive load connected to the system. The capacitor C 

provides a greater stability of the static operating point 

of the PV generator.  

Figure 6 shows the SIMULINK block diagram of 

the proposed control scheme that has been implemented 

on the DS1104 real-time control board. Figure 7 shows 

the photograph of the laboratory setup. The solver is 

ode1 (Euler), the step size is 10-4 and the hardware clock 

frequency : CPU clock: 250 MHz. 

 

 
TABLE 1. Fuzzy rules 

ΔI 

ΔV 
NB NM ZE PM PB 

NB ZE PM PM PB PB 

NM NS ZE PM PM PB 

ZE NS NS ZE PM PM 

PM NB NS NS ZE PM 

PB NB NB NM NM ZE 

 

 
TABLE 2. PV module parameters at standard test conditions 

Short circuit current Isc  4.7 A 

Open circuit voltage Voc  22 V 

Current at maximum power point IMPP  4.44 A 

Voltage at maximum power point VMPP  18V 

Number of cells in series Ns  36 

Pmax  80W 

As can be seen in this diagram, the measured voltage 

and current obtained directly from generator. Figure 6 

shows the SIMULINK block diagram of the proposed 

control scheme that has been implemented on the 

DS1104 real-time control board. Figure 8 shows the 

photograph of the laboratory setup. The solver is ode1 

(Euler), the step size is 10-4 and the hardware clock 

frequency: CPU clock: 250 MHz. As can be seen in this 

diagram, the measured voltage and current obtained 

directly from generator PV through the channels C5 and 

C6, where the model of FLC MPP is developed to 

generate the control output, which will be the 

appropriate duty cycle D so that the DC-DC converter 

provides a suitable value of the load resistance of the 

PV that the PV works in the MPP.  
 

 

 
Figure 5. Simulink model of triangular membership function 

 

 
Figure 6. Fuzzy logic MPPT in MATLABTM/Simulink 

environment and its implementation in dSPACE 1104 

 

 

 
Figure 7. Laboratory setup and the photovoltaic panel 
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As can be seen in the diagram, the output of the MPPT 

FLC is sent to the block DS1104SL DSP PWM, which 

is responsible for generating of a PWM signal with the 

duty cycle sent to it by the MPPT FLC. 

 

 

6. RESULTS AND DISCUSSION  
 
Response of MPPT fuzzy logic algorithm vis-a-vis load 

variation: 

Figures 8 and 9 represent the I-V and P-V 

characteristics and show the impact of the load variation 

R1,2,3,4=[9.8, 7.6, 4.6, 2] Ω. Under this condition, our 

algorithm converges to different operation points of the 

PV system for each value variation of the load. The 

modelisation of the MPPT FLC allows us to obtain 

some new results, where the classical FLC controller 

MATLABTM/Simulink block could not provide us this 

information. 
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Figure 8. FLC-MPPT according load variation: a) I-V and b) 

P-V. The ripple frequency is 270Hz 

 

 

 
Figure 9. Output of membership function of the input current 

ΔIpv modeled in Simulink 

Figures 9 and 10 present the outputs of five 

membership functions of the current ΔIpv and voltage 

ΔVpv inputs, and the output ΔD variation when we 

applied  different load variations.    

Figure 11 and 12 represent respectively the 

variation of power, voltage and current of the PVsystem 

under load variation.  

Both the outputs of the PV panel and the boost 

converter are represented in these figures.  
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Figure 10. Outputs of memberships function of the inputs 

voltage ΔVpv and duty cycle ΔD modeled in Simulink 
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Figure 11. Responses of the power and the current for a load 

variation 
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This variation will involve a fast change of the optimal 

panel voltage, and the MPPT algorithm reacts in a fast 

and consistent behavior. Equipped with a boost 

converter and with load change, the system tries to find 

the maximum power for each variation. The MPPT FLC 

algorithm gives the appropriate duty cycle D applied to 

the PWM to make pulse of the boost switch, so that the 

actual power is increased to operate in MPP Figure 12. 

Figure 13 represents the fast Fourier transform analysis 

of the output voltage under load variation. The ripple 

frequency is 270Hz. 
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Figure 12. Responses of the voltage and the duty cycle for a 

load variation 
 

 

 
Figure 13. Fast Fourier transform analysis of the output 

voltage 

6. CONCLUSION 
 

The study presented in this paper focuses on both the 

modeling and implementation system using MPPT FLC 

algorithms to maximize the output PV system voltage, 

and enabling the boost converter to operate at maximum 

power point.  

The modelisation of the MPPT FLC gives us the 

opportunity to extract more information and results than 

the conventional MATLABTM/Simulink fuzzy controller 

block in MATLABTM/Simulink and also simplifies the 

study and implementation of the this kind of algorithm. 

It guarantees the tracking speed, but also  improve the 

tracking accuracy. The proposed control system is 

developed in the MATLABTM/Simulink environment 

and real-time implementation was performed using the 

DS1104 card dSPACE. 
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چكيده
 

 

کنترل کننده منطق   فاده از( با استPVدر این مقاله، مدل سازی و اجرای طرحهای کنترل جدید برای یک فتوولتاییک مجزا )

شود. کنترل می به یک بار متصل DC-DCتوسط یک مبدل تقویت کننده  PVاست. سیستم  شده ( ارائهFLCفازی )

اکثر نیرو را تولید کند. کند تا حدفراهم می  PVبرای سیستم DC-DC( را برای مبدل Dچرخه کار مناسب ) FLCکننده  

ا این بکند. اجرای آن را آسان می  Simulink /TMMATLABدر محیط  FLCاستفاده از مسدود کننده کنترل کننده 

وانند اصلاح در دسترس نیستند وبدون طراحی مجدد آن هر بار، نمی ت FLCوجود تمام پارامترهای مسدود کننده های 

یص و ساده برای جلوگیری از این نقا.شوند که موجب از دست رفتن زمان قابل توجهی برای کنترل سیستم ما میشود

بیه شبه یک ضرورت تبدیل شده است.  FLCسازی توابع عضویت سازی دسترسی و طرح تمام مسدود کننده ها مدل 

( MPPTردیابی خوبی از نقطه حداکثر قدرت ) FLCدهد که نشان می PVسازی وآزمایش های تجربی بر یک سیستم 

( BP580ک مدل )را بر روی یک سیستم واقعی متشکل از یک پنل فتوولتایی FLCکند. در نهایت ما عملکرد را فراهم می

 ایم.ردهاجرا ک dSPACE DS1104ایم و استراتژی کنترل را بر روی یک پردازنده سیگنال دیجیتال یابی کردهارز
doi: 10.5829/ije.2018.31.04a.09 

 

 

 
  


