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Abstract—The purpose of this study is to give us a detailed
comparison between the two methods of maximum power point
tracking algorithm for photovoltaic systems: Perturb and Ob-
serve (PO) and fuzzy logic (FL). This occurred under different
conditions of irradiation. Simulation results has indicated that
the proposed fuzzy logic controller (FLC) could provides faster
and stable tracking maximum power and much better behavior
than (PO) methods.

Index Terms—Boost Converter, Photovoltaic (PV ) System,
MPPT Control, Perturb and Observe (PO), Fuzzy Logic (FL)

I. INTRODUCTION

Renewable energy technologies introduce a perfect solution
such as; photovoltaic systems have received a great attention
as to appear to be sustainable, limitless and environmentally
friendly energy. Since global fossil sources are a limiting and
polluting source and could generate the continuous growth in
energy demand.

Hence, numerous studies have shown that photovoltaic
(PV) modules provide nonlinear electrical characteristics
which dependent on the temperature and incident irradiance
[1],[3].

As a result, the I-V and P-V characteristics depend on the
variation of the climatic conditions, then, the maximum power
could change according to climate change. Then, it becomes
necessary to use an electrical tracking system which named
Maximum Power Point Tracking (MPPT). The objective of the
MPPT is to ensure the efficient operation of solar PV module.
In many scientific studies, there have been several MPPT
techniques, such as Perturb and Observe (PO), Fuzzy Logic
Control (FLC) and Sliding Mode Control (SMC). Added
to, the classifications of these algorithms according to their
complexity, their use and the precision of the monitoring
method. Thus, the scientists have concentrated their efforts
to analyze and compare the different MPPT techniques in the
variations of the climatic conditions [2],[5],[6]. In this article,
we have examined the performance of (PO) and (FLC) of a
PV system under different irradiation conditions.
In our study the PV system is composed of a PV module, a
boost converter, MPPT control and a load is shown in Fig.1.

Fig. 1. PV system and load

II. MODELING OF GENERATOR PHOTOVOLTAIC :

A. Modeling of photovoltaic cell:

The equivalent circuit model of a PV cell shown in the
following figure Fig.2, which is composed of a light generator
source, diode, a shunt resistor expressing a leakage current,
and a series resistor describing an internal resistance to the
current flow [1],[3],[7].

Fig. 2. Equivalent solar cells electric circuit

The equivalent model of a PV cell is using the mathematical
following expression. The output current of cell can be found
using kirchhoff’s law in following equation:

Iph = I + Id + IRp (1)



The diode current equation is described by:
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Where Is is the reverse saturation current of the diode is
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The equation of the photo-current in terms of temperature
and irradiation as follows:

Iph =
G
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The well known the output current of the cell is given by

I = Iph − Is(e
(
V +RsI)

nVt − 1) − (V +RsI)

Rp
(5)

Where:
The parameters of PVG system are described in the following
table I:

TABLE I
PARAMETER OF GPV

G: Solar radiation in (KW/m)
Ns : Number of series cells
Rs: Cell series resistance(Ω)
Np: Number of shunt cells

Rp : Cell parallel resistance( Ω)
A : Ideality factor

Is : Reverse diode saturation current (A)
Icc: Short circuit current (A)
V : Cell output voltage (V)
I : Cell output current (A)

Voc : Open circuit voltage (V)
q : Electric charge (1 .60210-19 C)

n : Diode idealist factor
K : Boltzmann’s constant (1.38110 -23 J/k)

Ki : Short circuit current temperature coefficient
T : Cell junction temperature (0C))

Tr : Reference temperature of the PV cell (0C))
Eg : Band gap of semi conductor used in the cell.

B. DC/DC boost converter::

The DC/DC boost converter circuit is illustrated in the
following figure Fig.3. The aim of DC/DC boost converter
is to increase the voltage for source (the output voltage is
greater than the input voltage) [6].

To obtain the mathematical model of the DC/DC boost
converter, we may apply kirchoffs laws in each one of the
circuit topologies arising as a consequence of the two switch
positions:
When the switch Sw is ON, the dynamics of the circuit are:

ic1(t) = c1
dVpv(t)

dt = ipv(t) − iL(t)

ic2(t) = c2
dVout(t)

dt = iL(t) − iout(t)
VL(t) = L di

dt = Vpv(t) − Vout(t)

(6)

Fig. 3. DC/DC boost converter circuit

When the switch Sw is OFF, the dynamics of the circuit are:


ic1(t) = c1

dVpv(t)
dt = ipv(t) − iL(t)

ic2(t) = c2
dVout(t)

dt = −iout(t)
VL(t) = LdiL

dt = Vpv(t)

(7)

The dynamic model final of booster converter is given by
the following equation:


iout(t) = (1 − u)iL(t) − c2

dVpv(t)
dt

iL(t) = ipv(t) − c1
dVpv(t)

dt

Vpv(t) = LdiL
dt + (1 − u)Vout(t)

(8)

So u is the duty cycle, c1 ,c2 are the capacity, L is the
inductance and R is the resistive load.

C. Techniques of maximum power point tracking:

1) Mppt based on the PO algorithm: Due to its simplicity,
the PO algorithm is the most utilized. The objective of this
controller is to provoke perturbation by acting on (decrease
or increase) the PWM duty cycle command and observing the
output photo-voltaic generator (PVG) power reaction. If the
present power P (k) is greater than the last power P (k − 1),
then the same perturbation direction. Otherwise, it is reversed
[4],[8]. The PO algorithm can be explicated as follows.

Fig. 4. Flowchart of PO algorithm



2) Mppt based on the FLC algorithm: The fuzzy logic
control is one of the most powerful control techniques. Indeed
it has the advantage of working with imprecise entries, no
need to have a precise mathematical model [2],[3],[7]. The
logic controller MPPT algorithm which based on four stages:
fuzzification, rule bases, fuzzy inference and defuzzification,
as shown in the following figure:

Fig. 5. Structure of FLC algorithm

* Fuzzification:
The proposed fuzzy MPPT approach has two inputs and one
output. The two inputs variables of the FLC are the current
variation ∆Ipv and the power variation ∆Ppv and the output
variable ∆u represents the variation of duty cyclic. In this
work, the domain of existence is divided into seven intervals
for each of the three variables ∆Ipv, ∆Ppv and the output
∆u to allow good follow-up of the MPP bridge during rapid
changes in lighting solar [5],[7].

* Fuzzy inference:
The following table contains the inference matrix for the con-
troller. Input variables numerics are converted into linguistic
variables to take the following seven values:
NB: Big Negative, NM : Medium Negative, NS: Small
Negative, Z: Zero, PS: Small Positive, PM : Medium Pos-
itive, PB: Big Positive. The inference method chosen is
MAMDANI, with an operation (Max-Min). this is to use the
operator Min for the (AND), the operator Max for the (OR)
[2],[7].
* Rule bases:
Table II showing fuzzy logic rules for entire system. It contains
49 fuzzy control rules. These rules are used to the control of
the booster converter such as the maximum power of the solar
panel. That we have reached. For example, box (7, 4) in the
table represents the control rule. If dPpv is PB and dIpv is
Z then du is PB. This implies that. If the operating point is
away from the maximum power point (MPP) on the left side
and the change in slope of the P-I curve is almost zero, then
there is a large increase in the duty cycle ∆u [6],[7].

* Defuzzification:
It consists in converting this time the linguistic variables into
numerical variables. The process of defuzzification calculates
the crisp output duty cycle ∆u of the FLC. We deduce the
duty cycle u by the following equation:

u = ∆u(k − 1) + ∆u (9)

TABLE II
INFERENCE MATRIX

dIpv
dPpv NB NM NS Z PS PM PB
NB PB PB PM NB NB NB NB
NM PB PM PM NM NM NM NM
NS PM PS PS NS NS NS NS
Z NM NM NS Z PS PS PS

PS NM NS NS PS PS PS PM
PM NM NM NM PM PM PM PM
PB NB NB NB PB PM PB PB

k1 and k2 are the inputs scaling factors, and k3 is the
defuzzification gain.
While ∆u denotes the output of the fuzzy process [5],[7].

Fig. 6. Fuzzy logic control membership function for input ∆Ppv

Fig. 7. Fuzzy logic control membership function for input ∆Ipv

Fig. 8. Fuzzy logic control membership function for output ∆u



III. SIMULATION RESULTS AND DISCUSSION:

The characteristic of PVG has a nonlinear. It is given by
the Fig. 9.

Fig. 9. P-V characteristic

The parameters of PV is given by table III.

TABLE III
PARAMETER OF GPV

G=1000(W/m) Ns=36
Rs=0.1(Ω) Np=1

K=1.38110 -23 J/k A =1.5
Eg= 1.1 Icc=2.5 (A)

Voc =21.6(V) q =1 .60210-19 c

We notice that the open circuit voltage Voc and the
photovoltaic power increase with the high solar irradiation
(G = 1, 2, 3kwm

−2

) and under a constant temperature
T=250C.

A. Influence of the solar radiation for constant temperature
(T = 250C):

In the objective to determine the effect of realistic param-
eters on MPPT algorithms. The variation of irradiance levels
(G = 1, 2, 5kwm

−2

) to the PV array is shown in the Fig. 10
and implanted in MATLAB /Simulink environment.

Fig. 10. Variation of irradiation as function of time

The comparison results between PO and FL algorithms
are presented below Fig. 11, Fig.12, Fig. 13, Fig. 14 and
Fig. 15. The Figure 11, Figure 12, Figure 13, Figure 14 and
Figure 15 show respectively the variation of duty cycle”µ”,

the PV power ”Ppv”, output current of load ”Ich”, output
power of load ”Pch” and output voltage of load ”V ch” in
tow controls: PO and Fuzzy logic

We have found that the FL controller gives good
performance (reaches maximum power, faster response and
absence of oscillations) than PandO which shows some
oscillations at MPP level. So, from this study we could say
that the MPPT controller is based on FLC theory is more
performant that the classical PandO controller.

Fig. 11. The variation of duty cycle µ in tow controls: PO and Fuzzy logic

Fig. 12. The variation of PV power Ppv in tow controls: PO and Fuzzy logic

Fig. 13. The variation of output current of load Ich in tow controls: PO and
Fuzzy logic

The results obtained in Fig. 16, Fig. 17, Fig. 18 and Fig. 19
have shown that the boost DC-DC converter and the MPPT
command that perform FLC and PO their roles correctly.



Fig. 14. The variation of output power of load Pch in tow controls: PO and
Fuzzy logic

Fig. 15. The variation of output voltage of load V ch in tow controls: PO
and Fuzzy logic

The converter provides in optimum conditions a voltage at
its output greater than that supplied by the PV generator
and the current at its output lower than that supplied by the
PV generator. The MPPT command which is adaptable the
PV generator to the load: transfer of the maximum power
supplied by the PV generator.

Fig. 16. The variation of output voltage of load and PV voltage for PO
controller

B. Conclusion:

The two MPPT techniques which are based on respectively
on the fuzzy logic and Perturb and Observe (PO) are well
detailed in this work. they are modeled and evaluated ac-
cording to simulations in MATLAB/ Simulink r environment
under different irradiations conditions. Mathematical models

Fig. 17. The variation of output voltage of load and PV voltage for FL
controller

Fig. 18. The variation of output current of load and PV current for PO
controller

Fig. 19. The variation of output current of load and PV current for FL
controller

for different components such as (mathematical PV model and
boost converter model) that have described in order to optimize
the maximum power PV system MPP point.
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