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Abstract: The objective of this work is to study the 
performances of a photovoltaic (PV) system connected to 
the grid using a Voltage Source Inverter (VSI).  
To obtain the maximum power from a photovoltaic 
generator and to match the solar cell power to the 
environmental changes a DC-DC buck-boost inverter 
controlled by the fuzzy logic command is used. 
The effectiveness of grid-connected photovoltaic power 
generation systems depends on the efficiency of the DC-
into-AC conversion. For the grid connected inverter is 
desirable to provide the unity power factor. The 
performance of grid connected photovoltaic system using a 
two level inverter which can synchronise a sinusoidal 
current output with a voltage grid is shown by the numerical 
simulation. 
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1. Introduction 
 Nowadays photovoltaic energy is one of the 
important renewable sources, since it is clean energy 
source that allows for local energy independence, 
inexhaustible. Unlike fossil fuels, harnessing solar 
energy doesn't result in harmful CO2 emissions, it have 
a low cost and high efficiency during energy 
conversion [1][2]. Regarding to this, it is necessary to 
optimize the performance of PV systems through the 
operation of conversion systems to increase the output 
efficiency of the overall system [3]. 

The output characteristics of photovoltaic arrays 
change with the cell’s temperature and solar 
irradiance. For a given conditions there is a unique 
point in which the array produces maximum output 
power (MPPT) which varies depending of cell 
temperature and present irradiation level. To obtain the 
maximum power from a photovoltaic array, a DC-DC 
inverter with maximum power point tracking (MPPT) 
is used. In this paper we study fuzzy logic method of 
search for MPP.  
 In this paper, we study a power control of grid-
connected photovoltaic system. 
 
2. System description and simulation study  
 The block diagram of the complete chain: 

photovoltaic generator - converters - electrical network 
studied is given in Fig.1. A MPPT command is used to 
tracking the maximum power point. If the grid is 
disconnected the control circuits from the inverter 
open connection with the grid, the inverter is then 
supplied by the batteries to provide all the power 
necessary to the critical loads. 
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Fig. 1. Schematic diagram of the PV generation 

system. 
 
3. Photovoltaic cell model  
 This model is the most classical one found in the 
literature [2] [4] [5]. As shown in Fig.2, the equivalent 
circuit model of a solar cell consists of a current 
generator (Iph) and a diode plus series (Rs) and parallel 

resistances (Rsh). 
 

Fig. 2. Equivalent electrical circuit of a cell. 
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association of elementary cells [6]. The photovoltaic 
generator shown below is thereby obtained. 

Fig. 3. Equivalent electrical circuit of a panel group. 
 

The characteristic equation for photovoltaic panel 
group is deduced from the equivalent electrical 
diagram (Fig.3), can then be derived: 

shGdGphGG IIII −−=
 (1) 

The expression of the current generated by a 
photovoltaic cell is given by the following equation [3] 
[5]:
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Fig.4 and 5 give the current–voltage (I–V) and 
power–voltage (P–V) characteristics of a PV module 
for different values of solar radiation and temperature. 
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(a). Simulation case 

 

 
(b). Real case 

Fig. 4. Effect of the irradiation on PV generator. 
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(a). Simulation case 

 
 

 
(b). Real case 

Fig. 5. Effect of the Temperature on PV generator. 
 

It is seen that the short circuit current is clearly 
proportional to the solar radiation (Fig.4): more 
radiation, more current, and also more maximum 
output power. On the other hand the temperature 
dependence is inverse (Fig.5): an increase in 
temperature causes a reduction of the open-circuit 
voltage and hence also of the maximum output power. 
Hence these opposite effects of the variations of solar 
radiation and temperature on the maximum output 
power make it important to track the MPP efficiently. 
The non-linear nature of the photovoltaic array is 
apparent. Thus, in order to compensate for this feature 
exhibited by photovoltaic arrays, a MPPT algorithm 
must be incorporated to force the system to always 

operate at the MPP resulting in high efficiency gains. 
 
4. Buck- Boost Type DC–DC Converter 

The adaptation of impedance between a 
photovoltaic generator and a load is a technological 
problem to transfer the maximum of generated power 
[7] [8] [9], to cure this problem we use a block of 
adaptation made up of a Buck-Boost converter 
controlled by a control circuit [10] [11]. 

 
 
 
 

 
Fig. 6. Buck-Boost converter. 

 
The approximated dynamic model of the Buck-

Boost converter is given by the following system [7] 
[12]: 
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The expression of the conversion ratio is given as 
follows: 
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5. Fuzzy Logic MPP Tracking controller  

The maximum power that can be delivered by a 
photovoltaic panel depends greatly on the insulation 
level and the operating temperature. Therefore, it is 
necessary to track the maximum power point all the 
time [13]. 

Fuzzy logic controllers have the advantages of 
working with imprecise inputs, not needing an 
accurate mathematical model, and handling 
nonlinearity [14]. 
The inputs of the fuzzy logic controllers are an error E 
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and an error variation CE, the output is a duty cycle or 
its variation (Fig.7). The two fuzzy logic controllers 
(FLC) input variables are the error E and change of 
error CE at sampled times k defined by [13] [15] [16]: 

( ) ( ) ( )
( ) ( )

( ) ( ) ( )⎪
⎪
⎩

⎪⎪
⎨

⎧

−−=

−−

−−
=

1

1
1

kEkEkCE

kVkV
kPkPkE

 (7) 

Where P(k) is the instantaneous power of the 
photovoltaic generator. 

The input E(k) shows if the load operation point at 
the instant k is located on the left or on the right of the 
maximum power point on the PV characteristic. 

 
Fig. 7. Nonlinear characteristic of the optimal fuzzy 

controller. 
During fuzzification, numerical input variables are 

converted into linguistic variables based on a 
membership function. The fuzzy inference is carried 
out by using Madani’s method, and the defuzzification 
uses the centre of gravity to compute the output of this 
controller. 
 
6. Modeling and control of the DC/AC inverter 

The inverter control is based on a decoupled control 
of the active and reactive power. The DC voltage is set 
by a PI controller that compares the actual DC bus 
voltage and the reference generated by the MPPT, and 
provides a Id active current reference in a synchronous 
reference frame attached at grid voltage vector [17]. 
The reactive current Iq can be fixed at the desired level 
for power factor or voltage control. By applying the 
inverse Park transformation to d-q current vector 
components, the desired phase current references are 
obtained [18] [19]. 

The model of the used inverter is shown in Fig. 8. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 8. Two-level inverter. 
 

The simple output voltages at the boundaries of the 
load VA, VB and VC are defined as follows: 
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The figure below represents the simple tension of a 
phase of the two-level and its spectrum of harmonics 
for m=15, r=0.8 and f =50Hz. 
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Fig. 9. Simple tension and its spectrum of the two-

level.  
 

The output voltages present symmetry relatively to 
the quarter of the period. The harmonics gather by 
families centered on frequencies multiple of mf. The 
first family centered around frequency mf. 
 
7. Control the powers and the currents of the grid  
 
7.1. Modeling and control of the grid powers 

The electrical model of a phase of the electrical grid 
is shown in Fig.10.  
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Fig. 10. Electrical model of a phase of the electrical 

grid. 
 

The grid is represented by a voltage source in series 
with an inductance, and resistance Rnet to attenuate the 
undulation of the current. Voltages grid can be given 
with Park components as follow [20]:  
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Active and reactive powers can be expressed with 
Park components of the grid voltages and currents: 
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By inversion of these relations, it is possible to 
regulate the active and reactive power supply to the 
grid by setting the filter current references according 
to: 
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Current references are gathered in a vector: 

[ ]Tref_qref_dref_dq sss i,iI =  (12) 

 
7.1. Control of current in the axis dq 

To have good precision, we use two regulators 
Proportional Integral PI [21]. Their transfer function is 
given by: 
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Where K is gain of regulator, Ti: is the integral action 
and Te represents the time constant required for the 
current regulator. 

net

net
e R
LT =  (15) 

The coupling which exists between the two currents id 
and iq makes that the established model is very 
complex with the regulation. To cure this problem, we 
proceed to a decoupling of the two parameters by 
compensation, which consists in adding the terms 
Lnetωiqref and Lnetωidref to the loop of internal regulation 
[22]. The control loops of the currents id and iq are 
given by Fig.11. 
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Fig. 11. Grid current control by PI regulators. 
 
8. Simulation results  

In the first section, we present the performances of 
photovoltaic systems connected to grid under standard 
test condition (E=1000W/m2, T=25°C). The DC input 
voltage was set to be at 300V. The inverter is supplied 
by 16 series module delivering a total power 
P=1500W with Q = 0VAR. 

 

0 0.1 0.2 0.3 0.4 0.5

500

1 000

1 500

2 000

P 
[ W

 ] 

t [ s ]

 

 

P
Ppv



 
  

0 0.5 1 1.5 2 2.5 3
-600

-400

-200

0

200

400

600

800

1000

1200

t ( s )

Q 
( V

AR
 )

 

 

Qmes
Qref

 
Fig. 12. Powers (active, reactive) and their 

references. 
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Fig. 13. Direct and quadratic current. 
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Fig. 15. Output voltage of the inverter VA. 

 
It is noticed that the current id follows the pattern of 

the active power P and the current iq follows the 
pattern of the reactive power Q (Fig.12 and Fig.13). 
The photovoltaic systems have practically a unity 
power factor due to the fact that the grid voltage is in 
phase with the grid current (Fig.14). The output 
current of the inverter is practically sinusoidal 
(Fig.15). 

In the second section, we study the effect of 
irradiance on the PV system. In the constant 
temperature (T=25°C), we increase the irradiance 
between 600W/m2 and 1000W/m2 during 20seconds; 
and after a stabilization of 10s we decrease the 
irradiance with the same value during also 20s. 
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Fig. 16. Effect of irradiance variation on the active 

and reactive powers. 
 



 

0 20 40 60

-600

-400

-200

0

200

t [ s ]

 

 

Vd
 [ 

V 
] 

0 10 20 30 40 50 60 70
-8

-6

-4

-2

0

Id
 [ A

 ] 

t [ s ]

 

 

 
Fig. 17. Effect of irradiance variation on the direct 

voltage and current. 

0 20 40 60

-400

-200

0

200

400

t [ s ]

 

 

Vq
 [ V

 ] 

 

0 10 20 30 40 50 60 70
-2

-1

0

1

2

Iq 
[ A

 ] 

t [ s ]

 

 

 
Fig. 18. Effect of irradiance variation on the 

quadratic voltage and current. 
 

At the beginning, it can be seen that the 
photovoltaic power increase with the active power 
while the irradiance increases until these powers reach 
these maximum values which are achieved after 20 
seconds of disturbance (Fig.16). The direct current id 
follows the inverse pattern of irradiance (Fig.17). The 
quadratic current iq has a mean value practically equal 
to zero (Fig.18). 

In the last section, we study the effect of 
temperature variation on the evolution of PV system. 
For a standard irradiance (E=1000W/m2), we increase 

the temperature between 25°C and 75°C during 30 
seconds, and after a stabilization of 20s we decrease 
the temperature with the same value during also 30s. 
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Fig. 19. Effect of temperature variation on the active 

and reactive powers. 

0 20 40 60 80

-600

-400

-200

0

t [ s ]

Vd
 [ 

V 
]

 

0 10 20 30 40 50 60 70 80
-8

-6

-4

-2

0

t [ s ]

Id 
[ A

 ]

 
Fig. 20. Effect of temperature variation on the direct 

voltage and current. 
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Fig. 21. Effect of temperature variation on the 

quadratic voltage and current. 
 

It can be observed that the system power is 
inversely proportional to the temperature. 
 
9. Conclusion 

In this paper, we have studied the performances of 
the three phase grid connected photovoltaic system 
with a two levels inverter in the DC-AC stage. 
Fuzzy logic MPP tracking controller is used to control 
the buck-boost converter in order to extract the 
maximum power from the photovoltaic array 
generator. The use of fuzzy logic controller can 
improve the efficiency of the overall system by 
minimizing the energy losses when the change of 
irradiation is frequent.  

The entire photovoltaic generation system has been 
numerically simulated. Simulation results in both steady 
state and dynamic conditions have been presented. The 
results show good performance of the control system and 
confirm the effectiveness of the proposed photovoltaic 
generation system for any operating condition. 
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