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Abstract—This paper described a study about 
the connection of a photovoltaic generator (PVG) 
to an electrical network through a DC/AC 
converter followed by an inductive filter in order 
to improve the produced energy quality. After 
system modeling, the fuzzy logic method of 
Mamdani was used to extract the optimal values 
of the voltage and the current enabling the 
photovoltaic generator to produce the optimal 
power whatever the sudden changes in 
temperature and solar radiation. A Takagi-Sugeno 
(T-S) fuzzy control strategy was also proposed to 
control the inverter power generation. The inverter 
controller gains were calculated using the linear 
matrix inequality (LMI) resolution and the 
perturbation effect was reduced by the H-infinite 
method. The simulation results under the Matlab-
Simulink environment demonstrate the proposed 
methods performances. Thus, the suggested 
controllers can extract the optimal produced 
energy whereas operating the photovoltaic panel 
at its maximum power point (MPP) and supply 
enough energy to the network. 

Keywords—Photovoltaic Generator (PVG), 
Maximum Power Point Tracking (MPPT), FLC 
Mamdani, Takagi-Sugeno (T-S) fuzzy Controller, 
Linear Matrix Inequality (LMI), H infinite method. 

I. INTRODUCTION 

Over the previous decades, several countries have 
been focusing on the development of renewable 
energy sources in order to partially replace the 
conventional ones for the production of electricity. 
These energies include a certain number of 
technological sectors depending on the energy source 
and the useful energy obtained. There is a variety of 
renewable energies among which the photovoltaic 
solar energy is the main focus of this study.  

This energy has witnessed an unprecedented 
attention during the recent years because it is an 
inexhaustible, non-polluting, silent and very easy to 
integrate into buildings.  

Its major disadvantage, however, is that it is not 
regularly available since it depends on the irradiation 
level fluctuations between the day and the night, and it 
varies seasonally, which affects the stabilization of the 
solar energy system. 

In order to compensate for the absence of 
nocturne production, it would require considerable 
storage capacity means. The coupling of the 
photovoltaic generator (PVG) with the alternative 
electricity network makes it possible to avoid these 
means and to take advantage of the "storage 
capacity" of the network. The connection of the PV 
production to a grid is, therefore one of the main 
developments in solar energy applications. The major 
problem in this association is the PVG maximum 
power transfer to the grid, which often suffers from a 
bad adaptation. 

To minimize this difficulty, a control algorithm that 
seeks the maximum power point (MPP) is used before 
coupling the PVG to the network through a static 
converter. Ideally, power monitoring should be 
achieved automatically to adapt to the changing 
weather conditions. Many algorithms for tracking the 
maximum power point for the solar cell have been 
developed [1,2,3,4,5,6] and compared 
[7,8,9,10,11,12,13]. These comparatives study show 
the fuzzy logic algorithm effectiveness which achieves 
very good performances regardless of the rapid 
variations in irradiance and temperature values. 
Moreover, this model doesn’t require the exact PV 
model knowledge [11]. 

The conversion of the direct current coming from 
the modules into sinusoidal alternating current 
injected to the grid can be achieved using the current 
source inverter. To reduce the total harmonic 
distortion (THD) to improve the produced energy 
quality, the multi-level inverter is the most appropriate 
choice since it offers several advantages compared to 
its conventional counterparts [14]. However, the 
multilevel converter design suffers from a significant 
problem that lies in the complexity of its control. 

The Pulse Width Modulation (PWM) method is an 
efficient technique used to control the inverter 
switchers [15-18] and allow reducing the harmonic 
distortion in the three-phase inverter output variables 
to good utilization of the DC bus [19]. 

To obtain a good quality of energy injected into the 
network, it is necessary to reduce the effect of the 
variations produced by the presence of electronic 
power interface. Therefore, it is crucial to introduce a 
filter at the inverter output which would discard the 
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switching harmonics and thus improve the injected 
energy quality into the network [20,21]. 

In the grid-connected PV inverter, the injected 
current and also the produced power need to be 
controlled in order to meet the grid requirements [19]. 
Different solutions were previously proposed 
[14,19,22,23,24,25]. 

A comparative study of the fuzzy logic, sliding 
mode and proportional-integral controllers is given in 
[25]. During external disturbances, [25] proves that 
FLC performs satisfactorily in regulating the inverter 
output. Therefore, the FLC is a trustworthy controller 
for power converters applications [24,25]. 

However, [26] shows that fuzzy controller T-S is 
much more efficient than the traditional PI controllers 
and the fuzzy Mamdani controllers. Hence, to 
eliminate the harmonics and improve the inverter 
dynamic performance, the TS fuzzy controller is a 
good candidate [26]. 

In order to achieve our paper’s objective for an 
effective energy conversion structure, a Takagi-
Sugeno intelligent control strategy has been proposed 
and developed. Here we were inspired by the 
conversion control system suggested in [27,28,29,30]. 

The remaining of this paper was arranged as 
follows: The first section presented the used structure 
of the coupling of the renewable energy source to the 
electricity grid. In sections II and III, the modeling of 
the PV generator components was achieved by 
describing the fuzzy method of Mamdani used to 
optimize the power generation. Then we represented 
the DC/AC converter used in the conversion system, 
its mathematical model as well as its LMI algorithm-
based control. 

A T-S fuzzy controller was proposed in section IV 
to improve the performance of the PV inverter 
connected to the network. 

The Matlab-Simulink environment was used to 
analyze and interpret the simulation results of this 
system and consequently to show the good 
performance of the used algorithms. The concluding 
remarks were forwarded in Section VII. 

II. THE PROPOSED STRUCTURE OF THE 
STUDIED SYSTEM  

The proposed system consists of a solar panel 
field connected to the continuous bus of a three-phase 
voltage inverter to inject the generated power to the 
grid. The MPPT controller detects the maximum 
power from the solar generator and produces the 
optimal voltage and current that will be used as 
reference quantities for the direct components of the 
inverter. The inverter transforms a DC input into an 
AC sinusoidal output. In order to connect the voltage 
inverter to the electrical network and make it work as 
a current source, it is required to use an inductive filter 

consisting of a resistive load  in series with an 

inductance . This type of filter reduces the 

harmonics around the switching frequency.  

The proposed configuration of the PV generator 
connected to the network is illustrated in Fig. 1. 

A. Electric characteristic of PV generator 

The photovoltaic solar energy is produced by the 
direct conversion of a part of the solar radiation into 
electrical energy through a photovoltaic (PV) cell. This 
cell is made up of an ideal current source, producing a 

photovoltaic current  proportional to solar 

irradiations, associated in parallel with a diode , 

parallel resistance  and a series resistance  

which must be as small as possible to limit its 
influence 

on the current of the cell. while the parallel 

resistance  should be as high as possible.  

The association of a few PV cells in series/parallel 
creates a photovoltaic generator (PVG) whose output 
components current-voltage are designed respectively 

by  and . 

The PVG used, includes  parallel branches and 

 solar cells connected in series in each branch 

[5,12,14,20,21]. According to the weather conditions, 
a photovoltaic current can be expressed as: 
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Fig. 1 Studied system structure. 
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where s cI and r rI  are respectively the reverse 

saturation and the short-circuit cell currents at the 
radiation-temperature reference values 

2( 1000 / ,rG W m 25 )rT C  . IK  is the short-circuit 

current temperature coefficient,  is the solar radiation 

 2/W m , 191,6.10q C  is the electron charge,  is 

the semiconductor band-gap energy used in the cell, 

 is the diode ideality factor, 23 11,38.10k JK   is the 

Boltzmann constant. 

The PV cells temperature T (°C) varies according 
to the global solar radiation and the ambient 

temperature  (30°C), using the following 

relationship: 

 20
.

800
a

NOCT
T T G


      (5) 

where NOCT is a Normal Operating Cell 
Temperature [4]. 

Given the photovoltaic module non-linear current-
voltage characteristics and their sensitivity to external 

conditions, such as illumination and temperature, the 
PVG can’t operate at its maximum power point (MPP) 
and also generates energy losses. So, to maximize 
the PV produced power exploitation at any time, and 
to achieve a perfect coupling between the PVG and 
the inverter, the use of an adaptation stage is highly 
recommended. 

Many maximum powers point tracking (MPPT) 
methods have been established allowing the PVG to 
operate at its maximum power. In section III, we 
developed the MPPT based on the fuzzy model of 
Mamdani. 

B.  Inverter modeling 

The electronics power converters are an enabling 
technology needed to convert the PV generator's 
continuous power supply into AC power for the grid 
[18]. 

The two levels three-phase inverter used consists 
of three arms made up of two electronic transistors to 
form the switching cells. Each arm has two 
bidirectional complementary power components with 
diodes mounted in parallel. The freewheeling diodes 
ensure the current continuity in the network once the 
switches are open. 

If we consider the direct and quadratic components 
of the current ( , ) and also of the LMI laws 

( , ) calculated with the PARK transform to 

control the inverter, we can state the inverter current 

 as in the following form: 

3 3
( ) ( ) ( ) ( ) ( )

4 4
ond od od oq oqi t t i t t i t     (6) 

Using the PARK transform enables us to express 
the inverter direct and quadratic voltage components 
as follows: 
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that can be also expressed in the next form: 
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where  and  design the filter’s resistance and 

inductance. designates the angular electric speed. 

 and  are the network direct and quadratic 

voltage values. 

This allows us to write the dynamics of the inverter 
currents in the following form: 

( ) ( ) 1
( ) ( ) ( ) ( )
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( ) ( ) 1
( ) ( ) ( ) ( )
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od f c
od oq od rd

f f f
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f f f

di t R u t
i t wi t t V t

dt L L L

di t R u t
wi t i t t V t

dt L L L






    





    



 (9) 

In order to command the conduction times of each 
transistor forming the voltage inverter, we use the 
PWM command whose purpose is to reduce the 
harmonics generated by the inverter in the currents 
[18,20]. 

The advantage of this method is to obtain an 
inverter output voltage proportional to the used 
modulator value, during a switching period. However, 
it does not completely solve the current harmonics 
problem. 

In order to attenuate the high order harmonics and 
thus reduce the voltage distortion at the connection 
point, a passive filter is then connected in series with 
the supply network [20].  

This filter consists of a resistor ( ) in 

series with an inductance . 

III. MPPT FUZZY MODEL OF MAMDANI 

In this section, we used Mamdani’s fuzzy algorithm 
to determine the optimal current (I_Opt) and the 
optimal voltage (V_Opt) values extracted from the PV 
array. 

This controller has three main phases described as 
follows: 

As an input, we chose the temperature and 

sunshine  applied to the photovoltaic generator, and 

as an output, we opted for the optimal current and the 
optimal voltage delivered by the panel.  

A.  Fuzzification 

This first step consists in transforming the input 
and output variables into fuzzy variables (also called 
linguistic variables) and defining the universe of the 
discourse for each. Thus, for each linguistic variable, 
the corresponding accessible area is divided into 
linguistic values. 

Then, we introduce the notion of membership 
function that characterizes fuzzy sets. In general, it is 
a relation that links a number to each element of the 

discourse universe, denoted by . A membership 

function can take many forms such as triangular, 
trapezoidal, sigmoid or Gaussian. In our case, we 
chose a Gaussian membership function as shown in 
Fig. 3.  

 

 

Fig. 2 MPPT fuzzy controller structure 

 

Fig. 3 Gaussian membership functions of input-output 

variables 

The universes of discourse of the inputs ( , ) are 

divided into three membership functions named: S 
(Small), M (Medium) and B (Big). As for the output, we 
use five classes to represent the speech universe 
given by: VS (Very Small), S (Small), M (Medium), B 
(Big) and VB (Very Big). 

B. Fuzzy Inference System 

The most basic operations on the fuzzy sets are 
achieved at this level by connecting the input and the 
output variables using fuzzy rules. In fact, this block 
groups all the fuzzy rules were developed to decide 
about the output value that would be taken. For the 
rule’s implementation, we use the if-then syntax as 
described in the table I.  

A linguistic description is constructed from the 
various rules as shown when developing rule R2: 
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If G is S and T is M then is S and  is VS. 

Thus, there are nine rules for each output. It can 
be noted that the optimal current grows with 
increasing inputs values; whereas the optimal voltage 
lessens with the temperature rise and varies slightly 
with G.  

C. Defuzzification 

Unlike the first block, this block allows associating 
each fuzzy value corresponding with the desired 
output, a real and concrete value. This step can be 
carried out through several ways, depending on the 
chosen mathematical concept. In our case, the gravity 
center method was used to calculate the numerical 
value of the output from the membership functions. 
This technique calculates the average of the weighted 
values . 

TABLE 1 Fuzzy Inference table 

 Input variables Output variables 

Rules G T   
R1 S S VS S 

R2 S M S VS 

R3 S B S VS 

R4 M S M M 

R5 M M M M 

R6 M B M M 

R7 B S B VB 

R8 B M B B 

R9 B B VB B 

 

Now, the solar power generation system is 
represented by the Mamdani fuzzy model using IF–
THEN fuzzy rules. The MPPT block gives the optimal 
continuous characteristics  and , provided by 

the PVG, and injected them to the inverter as a 
reference input. 

In this step, it is required to use a control method to 
improve the PV inverter performance in order to 
increase its insertion rate in the distribution network.  

IV. T-S FUZZY CONTROLLER 

We consider the state vector noted 

by: ( ) ( ) ( ) ( )
T

od oq cx t i t i t u t        (10) 

and the control signal described by: 

( ) ( ) ( )
T

od oqu t t t        (11) 

According to the nodes law applied in Fig. 1 and 
using (6), we can write the following relation: 

3 3 1 1

4 4

c
od od oq oq c pv

du
i i u i

dt C C RC C
       (12) 

To reduce the fuzzy rules number, we must limit 
the premises variables. So, we note that 

1pv pvm pvi i i  where  is a perturbation and (12) 

becomes as: 

 1

3 3 1 1

4 4

c
od od oq oq c pvm pv

du
i i u i i

dt C C RC C
       

(13) 

Hence, the global system model can be written in 
the following form: 

1

( ) ( ) 1
( ) ( ) ( ) ( )

2

( ) ( ) 1
( ) ( ) ( ) ( )

2

3 3 1 1

4 4

od f c
od oq od rd

f f f

oq f c
od oq oq rq

f f f

pvmc
od od oq oq c pv

c

di t R u t
i t wi t t V t

dt L L L

di t R u t
wi t i t t V t

dt L L L

idu
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dt C C RC Cu C





 


    





    



       
 

  

(14) 

Which can be noted in the matrix form represented 
by: 

( ) ( ). ( ) ( ). ( ) . ( )x t A x x t B x u t Dh t      (15) 

where:

0

0

3 3 1
( ) ( )

4 4

f
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R
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0 0
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0 0

1
0 0

f

f

L

D
L

C

 
 
 
 

  
 
 
 
  

 

with 1
2

pvm

pv

i
i   and 

1( ) ( ) ( ) ( )
T

r d r q pvh t V t V t i t    is a disturbance vector. 

The premises variables are selected as follows: 

1( ) ( )odq t t , 2( ) ( )oqq t t , and 3( ) ( )cq t u t .  

So, the premises variables vector can be 
expressed by: 

1 2 3( ) ( ) ( ) ( )q t q t q t q t       (16) 

Thus, the nonlinear global system can be defined 
by a set of 2

3
 fuzzy T-S rules expressed as follows: 

If  is ,  is  and  is  then 

( ) . ( ) . ( ) . ( )i ix t A x t B u t Dh t       (17) 
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with ,  is the fuzzy rules number and 

 are the fuzzy sets. 

The weighted sum of the T-S fuzzy system is so in 
the next form: 

   
1

( ) . ( ) . ( ) . ( )
r

i i i

i

x t q t A x t B u t D h t


     (18) 

where matrices  and  are given by the 

following expressions: 

1 2

0

0

3 3 1

4 4

f

f

f

i
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i i pvm
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R
w

L

R
A w

L

q q i
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3

0
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0
2

0 0
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f

q

L

q
B

L

 
 
 
 

  
 
 
 
 

. 

The activation degree for each rule i, is given by 

the normalizing form:   
  

  
1

i

i r

i

i

w q t
q t

w q t









 (19) 

which implies that:   
1

1
r

i

i

q t


  for all . 

with      
3

1

i ji

j

w q t F q t


     (20) 

The membership functions are given in the 

following general form:
( )j j

aj
j j

q t qm
f

qM qm





 and 

1b j a jf f  .  

where  and  are the maximum and the 

minimum values of the variable  for j=1, .,3. 

Table II represents the Fuzzy rules form. 

V. AUGMENTED SYSTEM 

By defining the state reference vector by:  

( ) ( ) ( ) ( )
T

r od r oqr crx t i t i t u t       (21) 

and the augmented vector by: 
T

T T
Ix x e 

 
 thus  

T
T Tx x e 

 
     (22) 

and the error vector by: 

 ( ) ( ) ( ) ( ) ( ) ( )r re t y t y t C x t C x t x t       (23) 

Which allow us to describe the augmented vector 
by the following expression: 

   
1

( ) . ( ) . ( ) . ( )
r

i i i

i

x t q t A x t B u t D h t


     (24) 

where: 
0

0

i
i

A
A

C

 
  
 

, 
0

i
i

B
B

 
  
 

, 
0

0

D
D

C

 
  

 
,  

and, ( )
T

T T
rh t h x 

 
. 

A. Command strategy 

The control purpose is to force the active and 
reactive powers, generated by the PV panel and 
controlled by a T-S fuzzy controller, to follow the 
reference values which are chosen as: the reference 
active power is equal to the optimal power calculated  

TABLE II Fuzzy rules from 1 to 8 

Fuzzy sets of rules Parameters of then-part 

      

      

      

      

      

      

      

      

      

with the FLC controller, while the reference 
reactive value is imposed equal to zero. 

The principle of this control is also to maintain a 
stable voltage at the DC bus terminals while acting on 

the inverter control signals ( , ).  

The active P and reactive Q powers produced and 
injected to the network are respectively expressed by: 

 
3

2
rd od rq oqP V i V i      (25) 

 
3

2
rd oq rq odQ V i V i      (26) 

We impose that the quadratic components voltage 
and current of the network are equal to zero ( , 

), and we act on the PARK transform angle 

to control . So, we get the following expressions: 

3
0

2
rd oqQ V i   and 

3

2
rd odP V i    (27) 

Thus, the currents components  and  allow to 

respectively control the active and reactive powers. 
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Considering the power losses in the filter 
resistances and in the inverter transistors resistances, 
the supplied active power to the network is so: 

 2 23 3

2 2
rd od Opt Opt T od oqP V i v i R i i      (28) 

with: Opt Optv i : is the maximum power provided by 

the photovoltaic generator, and  2 23

2
T od oqR i i  is the 

lost power in the filter resistors and those of the 
inverter transistors. 

Using both active power expressions, we can 
express the direct current reference component as 
follows: 

2

Re

2 4

3 3

Opt

Opt Opt T
od

od f
rd

i
v i R

i
V



 
  

 
    (29) 

where ( )ondi t  is approximated by:  

3
( ) ( ) ( ) ( )

4
ond Opt od odi t i t t i t  .  (30) 

B. T-S fuzzy model  

The system control law is given by the following 
equation: 

8

1

( ) ( )j j

j

u t k x t


       (31) 

where  is the controller gain of each sub-model. 

So, the system dynamics get the following form: 

        
1 1

( ) ( ) . ( )
r r

i j i i j

i j

x t q t q t A B k x t D h t 
 

  

       (32) 

The  criterion, expressed by (33), and the 

Lyapunov quadratic function, noted by (34), are 
considered in order to ensure a good control while 
rejecting the disturbances effect and to calculate the 
fuzzy controller gains. 

2

0 0

TT
I Ie e dt h hdt

 
   with 0     (35) 

( )
T

V x x P x  with 0TP P    

and ( ) 0V x       (36) 

So, the deduced stability condition is denoted in 
the form: 

2( ) 0
TT

I IV x e e h h       (37) 

which can be noted in the following matrix form: 

   
2

0

T TT T
i i i ij j e e

T

A k B P P A B k C C PD

D P I

    
 


 
  

 

(38) 

with I e e
I

x
e C x C

e

 
   

 
    (39) 

where 

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

eC

 
 


 
  

   (40) 

On both sides of equation (41), we multiply by 
1 0

0

P

I

 
 
 

 and we put 
1X P   and 1

j jM k P  , we 

then obtain: 

2

0

T TT T
i i i ij j e e

T

X A A X M B B M XC C X D

D I

    
  
 

 

 (42) 

Finally, the Schur complement lemma use, allows 
us to get the following inequality: 

2

0 0

0

T TT T
i i i ij j e

e

T

X A A X M B B M XC D

C X I

D I

   
 
  
 
  

 

(43) 

The controller gains, denoted by 1
j jk M X  , will 

be calculated using the matrix inequality resolution 
(44) 

VI. SIMULATION RESULTS 

The proposed PV power generation inverter has 
two loops: the FLC MPPT loop allowing to deduce the 
optimal output power according to the optimal values 
of voltage and current extracted from the PV array, 
whereas the T-S fuzzy controller loop is used to 

deduce the regulated control laws of the inverter (  

and ).  

In order to evaluate and verify the performance of 
this algorithm, we expose the simulation results 
obtained in a Matlab/Simulink environment.  

The used three-phase inverter has the following 
specifications: 

Input DC voltage  which is divided in 

two parts through two capacitors . We 

used a three-phase low voltage network (  

and ) per phase. 

The obtained simulation results were with a step 
variation of the solar radiation and the temperature 
represented in the table III. 
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Figs. 5-7 represent the optimal output voltage, 
current and power generated from the PV system and 
deduced by the FLC algorithm. 

Fig. 5 shows the system efficiency in producing a 
constant PV panel voltage, which then allows the 
continuous bus voltage value to be maintained. 

Figs. 6-7 show that, with each change in solar  

variables (T, G), the proposed method allows the 
PV system to adapt quickly with these variations.  

TABLE III Climatic Variations 

Time (s) 0 2.2 3 4 5 6 7 8 9 

G*100 
(w/m

2
) 

6 7 8 9 10 9 8 7 6 

T (°C) 24 25 26 27 28 27 26 25 24 

Consequently, it can be deduced that the proposed 
method is not affected by the climatic variations.  

Therefore, the different electrical quantities 
(voltage, current, power) at the output of the 
photovoltaic generator converge to a new optimum 
operating point, which depends on the irradiation and 
the temperature as can be seen in the Figs. 8-9. 

The simulation results show the proper functioning 
of the MPPT adaptation system based on the 
Mamdani fuzzy method. This algorithm can track the 
MPP progressively with a good robustness despite 
sudden variations of irradiation and temperature Figs. 
10-11 show that the quadratic current  as well as 

the direct current  follow well the respective 

reference currents  and  calculated 

with the MPPT.  

 

From the grid voltage evolution in Figs. 12-13, it 
can be observed that  is almost equal the 

reference value imposed to zero while  is 

constant and tend to its phase reference which is -
127V. 

According to the power curves for the panel and 
the network (Fig. 14), it is clear that these powers are 
varied following the climatic variations. However, the 
active power generated by the PVG will not be totally 
injected into the network because part of it will be 
dissipated in the filter  resistances and in those of 

the inverter transistors. 

Furthermore, the injected power varies with the d-q 
currents variations. Since, the inverter current is 
generated with a low harmonic, which produces slight 
oscillations in the inverter power and so in the network 
power. These oscillations will be reduced by the T-S 
fuzzy controller. 

Figs. 15-16 represent the sinewave forms of the 
PVG-grid voltages and the abc currents. A strong 
current  is observed in the beginning in Fig. 16 

which will be reduced when the voltage delivered by 
the inverter reaches the grid voltage 

 

For different values of G and T, it is observed that 
the control laws ( ) varies (Fig. 17) making the 

generator to operate at its maximum power and to 
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control the energy transfer towards the electrical 
network. 

VII. CONCLUSION 

In this paper, a smart control strategy based on the 
Mamdani fuzzy logic system was proposed to 
calculate the MPPT of a PV energy generation 
system. The PV system was described by nine local 
models to extract the optimal current and voltage. 
Centroid type membership functions were used to 
calculate the weight of each local model. 

However, the implementation of this type of 
algorithm is more complex than conventional 
algorithms. In addition, the effectiveness of this 
algorithm greatly depends on the inference table. 

An efficient control strategy based on a blurred T-S 
controller was developed to control the active and 
reactive power delivered by the PV modules via an 
inverter to the utility grid. 

The task of the inverter consists in transforming the 
continuous signal supplied by the photovoltaic 
generator into an alternating signal having the same 
characteristics as the network. Then, the maximum 
power produced by the PVG is injected into the 
network. To reduce the harmonics and improve the 
quality of the inverter output signals, an RL filter was 
applied. 

We can conclude that the introduction of an 
intelligent MPPT in PV systems is actually a promising 
technique. Needless to remind that the MPPT based 
on a fuzzy model does not require an expert 
knowledge on the exact PV model. The used fuzzy 
logic algorithm is robust and efficient and allowed the 
generator to operate at its maximum power with very 
small oscillations around the optimal values.  

From the simulation results, it can be clearly 
noticed that the responses are fast, the overshoots 
are negligible and there are fewer fluctuations for 
rapid irradiance changes. So, very good performances 
were achieved.  

REFERENCES 

 [1] M. A. S. Masoum, H. Dehbonei, and E. F. 
Fuchs, (2002) “Theoretical and experimental analyses 
of photovoltaic systems with voltage and current 
based maximum power point tracking”, IEEE 
Transactions Energy Conversion, vol. 17, no. 4, pp. 
514–522, DOI: 10.1109/TEC.2002.805205. 

[2] J.A. Jiang, T.L. Huang, Y.T. Hsiao, and C.H. 
Chen, (2005) “Maximum power tracking for 
photovoltaic power systems”, Tamkang J. Sci. Eng., 
vol. 8, no. 2, pp. 147–153. 

[3] I. S. Kim (2007), “Robust maximum power point 
tracker using sliding mode controller for the three-
phase grid-connected photovoltaic system”, Solar 
Energy, vol. 81, pp. 405–414, 

doi.org/10.1016/j.solener.2006.04.005. 

[4]T. T. N. Khatib, A. Mohamed, N. Amin, and K. 
Sopian (2010), “An efficient maximum power point 
tracking controller for photovoltaic systems using new 
boost converter design and improved control 
algorithm”, WSEAS Trans. Power Syst., vol. 5, no. 2, 
pp. 53–63. 

[5] Chian-Song Chiu (2010), “T-S Fuzzy Maximum 
Power Point Tracking Control of Solar Power 
Generation Systems”, IEEE transactions on energy 
conversion, vol. 25, no. 4, pp.1123-1132, 
DOI:10.1109/TEC.2010.2041551. 

[6] Chian-Song Chiuand Ya-Lun Ouyang (2011), 
“Robust Maximum Power Tracking Control of 
Uncertain Photovoltaic Systems: A Unified T-S Fuzzy 
Model-Based Approach”, IEEE transactions on control 
systems technology, VOL. 19, NO. 6, pp. 1516-1526, 
DOI: 10.1109/TCST.2010.2093900. 

[7] T. Esram and P. L. Chapman, (2007) 
“Comparison of photovoltaic array maximum power 
point tracking techniques”, IEEE Trans. Energy Conv., 
vol. 22, no. 2, pp. 439–449.  

[8] Umashankar S., Punna Srikanth, D. Vijay 
Kumar and D.P. Kothari, (2011) “Comparative Study 
of Maximum Power Point Tracking Algorithms with 
DC-DC Converters for Solar PV System”, International 
Journal of Electrical and Computer Engineering, VOL. 
3, NO 1, pp. 11-20, ISSN 0974-2190. 

[9] J. S. Kumari, Ch. Sai Babu (2011), 
“Comparison of Maximum Power Point Tracking 
Algorithms for Photovoltaic System”, International 
Journal of Advances in Engineering & Technology, 
IJAET, Vol. 1, Issue 5, pp. 133-148, ISSN: 2231-1963. 

[10] B. Subudhi and R. Pradhan (2013), “A 
Comparative Study on Maximum Power Point 
Tracking Techniques for Photovoltaic Power 
Systems”, IEEE Transactions on Sustainable Energy, 
VOL. 4, NO. 1, pp. 89-98, DOI: 
10.1109/TSTE.2012.2202294. 

[11] H. Abbes, H. Abid, K. Loukil, A. Toumi et M. 
Abid (2014), “Etude comparative de cinq algorithmes 
de commande MPPT pour un système 
photovoltaïque”, Revue of Renewable Energies, Vol. 
17 N°3 435 – 445. 

[12]B. N. Alajmi, K. H. Ahmed, S. J. Finney, and B. 
W. Williams, (2011), “Fuzzy-Logic-Control Approach 
of a Modified Hill-Climbing Method for Maximum 
Power Point in Microgrid Standalone Photovoltaic 
System”, IEEE Transactions on Power Electronics, 
Vol. 26, No. 4, pp. 1022 -1030, DOI: 10.1109/ 
TPEL.2010.2090903. 

[13] P. Singh, D.K. Palwalia, A. Gupta and P. 
Kumar (2015), “Comparison of Photovoltaic Array 
Maximum Power Point Tracking Techniques”, 
International Advanced Research Journal in Science, 
Engineering and Technology (IARJSET) National 
Conference on Renewable Energy and Environment 

http://www.jmess.org/
https://doi.org/10.1109/TEC.2002.805205
https://doi.org/10.1016/j.solener.2006.04.005
https://doi.org/10.1109/TCST.2010.2093900
https://doi.org/10.1109/TPEL.2010.2090903
https://doi.org/10.1109/TPEL.2010.2090903


Journal of Multidisciplinary Engineering Science Studies (JMESS) 

ISSN: 2458-925X 

Vol. 5 Issue 9, September - 2019 

www.jmess.org 

JMESSP13420571 2804 

(NCREE-2015) IMS Engineering College, Ghaziabad 
Vol. 2, Issue 1, pp. 401-404, DOI: 10.17148/IARJSET. 

[14] M. Venkatesan, R. Rajeswari, N. Deverajan 
(2015), “A Fuzzy Logic Based Three Phase Inverter 
with Single DC Source for Grid Connected PV System 
Employing Three Phase Transformer”, International 
Journal of Renewable Energy Research, Vol.5, No.3, 
pp. 739-745.  

[15] A. K. Gupta and A. M. Khambadkone, (2006), 
“A space vector PWM scheme for multilevel inverters 
based on two-level space vector PWM”, IEEE 
Transactions on Industrial Electronics, Vol. 53, No. 5, 
pp. 1631-1639,.DOI: 10.1109/TIE.2006.881989. 

[16] A. K. Gupta and A. M. Khambadkone, (2007), 
“A general space vector PWM algorithm for multilevel 
inverters, including operation in over modulation 
range”, IEEE Transactions on Power Electronics, 
Vol.22, No. 2, pp. 517-526, 

DOI: 10.1109/TPEL .2006.889937. 

[17] J. Kumar, B. Das and P. Agarwal, (2008), 
“Selective Harmonic Elimination Technique for a 
Multilevel Inverter”, Fifteenth National Power Systems 
Conference (NPSC), IIT Bombay, pp. 608-613. 

[18] C. Gombert, (2005), “Simulation temps-réel 
des dispositifs d’Electronique de Puissance dédiés 
aux Réseaux d’Energie Electrique”, Thesis, 29 
September. 

[19] L.K. Letting, J.L. Munda, Y. Hamam, (2012) 
“Optimization of a fuzzy logic controller for PV grid 
inverter control using S-function based PSO”, Solar 
Energy 86, pp. 1689–1700,  

doi.org/10.1016/ j.solener.2012.03.018. 

[20] A. Chaoui, (2010), “Filtrage actif triphasé pour 
charges non linéaires”, Doctoral Thesis de Ferhat 
Abbas–Sétif University 

http://www.sudoc.fr/1515 23495. 

[21] P. Tyagi And R. Agrawal, (2015), 
“Comprehensive Analysis and Simulation of Multilevel 
Power Converters to Curtail Total Harmonic 
Distortion”, Electrical & Computer Engineering: An 
International Journal (ECIJ) Volume 4, Number 3. 

[22] C. Cecati, F. Ciancetta and P. Siano, (2010), 
“A Multilevel Inverter for Photovoltaic Systems with 
Fuzzy Logic Control”, IEEE Transactions on Industrial 
Electronics, Vol. 57, No. 12, pp. 4115 - 4125, 
DOI: 10.1109/TIE.2010.2044119. 

[23] M. Louzazni and E. Aroudam, (2014), 
“Intelligent PID-Fuzzy Logic Control for Three-Phase 
Grid-Connected Photovoltaic Inverter”, 9th 
International Conference on Intelligent Systems: 
Theories and Applications (SITA). 
DOI:10.1109/SITA.2014. 6847306.  

[24] N.-T. Nguyen, H.-Hee Lee, (2011), “Fuzzy PI 
Controller for Grid-Connected Inverters”, Advanced 
intelligent computing theories and applications. With 

aspects of artificial intelligence. 7th international 
conference, ICIC (pp.300-308),. 

https://doi.org/10.1007/978-3-642-25944-9_39. 

[25] V. S. C. Raviraj and P. C. Sen, (1997), 
“Comparative Study of Proportional–Integral, Sliding 
Mode and Fuzzy Logic Controllers for Power 
Converters”, IEEE Transactions on Industry 
Applications, Vol. 33, No. 2, pp.518-524, 
DOI: 10.1109/28.568018. 

[26] C. N. Bhende, S. Mishra and S. K. Jain, 
(2006), “TS-Fuzzy-Controlled Active Power Filter for 
Load Compensation”, IEEE Transactions on Power 
Delivery, Vol. 21, No. 3, pp. 1459-1465, 
DOI:10.1109/TPWRD.2005.860263. 

[27] H. Abid, F. Tadeo, M. Souissi, (2012), 
“Maximum Power Point Tracking for Photovoltaic 
Panel based on T-S Fuzzy Systems”, International 
Journal of Computer Applications (0975 – 8887) 
Volume 44–No.22.  

[28] K. Eugineraj Dr. G. Uma, (2013), “T-S Fuzzy 
Maximum Power Point Tracking Modelling and 
Control of Solar Power Generation”, IJERA Vol. 3, 
Issue 1, pp.1887-1892, ISSN : 2248-9622. 

[29] H. Khabou, M. Souissi, A. Aitouche, (2018), 
“Control of energy transfer between a storage battery 
and the electricity grid”, 7th International Conference 
on Systems and Control (ICSC), . 
DOI: 10.1109/ICoSC.2018.8587831. 

[30] H. Khabou, M. Souissi, A. Aitouche, (2018), 
“MPPT implementation on boost converter by using T-
S fuzzy method”, Mathematics and Computers in 
Simulation, 
https://doi.org/10.1016/j.matcom.2018.05010. 

 

http://www.jmess.org/
https://doi.org/10.1109/TPEL.2006.889937
https://doi.org/10.1016/j.solener.2012.03.018
http://www.sudoc.fr/
http://www.sudoc.fr/
https://doi.org/10.1109/TIE.2010.2044119
https://www.researchgate.net/publication/264959905_Advanced_intelligent_computing_theories_and_applications_With_aspects_of_artificial_intelligence_7th_international_conference_ICIC_2011_Zhengzhou_China_August_11-14_2011_Revised_selected_papers
https://doi.org/10.1109/28.568018
https://doi.org/10.1109/TPWRD.2005.860263
https://ieeexplore.ieee.org/document/8587831/
https://ieeexplore.ieee.org/document/8587831/
https://ieeexplore.ieee.org/document/8587831/
https://ieeexplore.ieee.org/document/8587831/
http://linkinghub.elsevier.com/retrieve/pii/S0378475418301228
http://linkinghub.elsevier.com/retrieve/pii/S0378475418301228
http://linkinghub.elsevier.com/retrieve/pii/S0378475418301228
http://linkinghub.elsevier.com/retrieve/pii/S0378475418301228
https://doi.org/10.1016/j.matcom.2018.05010

