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Due to the variations in weather conditions, photovoltaic systems adopt a technique based
on maximum power point tracking to extract the maximal power of the solar module. In the
literature, there are many different methods classical and intelligent of maximum power
point tracking (MPPT). But, due to the semiconductor effect, the current-voltage
characteristics of the solar module is nonlinear. This affects its efficiency and make its
control not easy. In this contribution, we present a new fuzzy PV MPPT based on custom
defuzzification. The obtained power using the proposed fuzzy PV MPPT based on custom
defuzzification is significant compared to Pertub & observe and fuzzy PV MPPT in term of
performances indices such as: Rise time and overshoot.

1. Introduction

Generally, energy is an important development factor in any
economy. Also, energy consumption is a progress indicator. The
energy crisis due to the drop of conventional energy sources and
the rise in CO; emission and environmental pollution has imposed
the search for other solutions which are renewables and cleans. As
renewable source, photovoltaic power is a very powerful and
promising energy potential. The solar energy is converted into
electrical energy by solar PV panel. Each type of PV panel has its
own specific characteristic according to local conditions such as
irradiation, and temperature and this makes the tracking of
maximum power point (MPP) a complicated problem. To remedy
this problem, many MPPTs algorithms have been presented [1-6].
Conventional MPPTs have proven to be less efficient because of
the functioning principle of photovoltaic system which depends on
weather.

This, made extracting the maximum power point a difficult
task. But, with the development of semiconductor switches which
work with high switching frequencies; new MPPT controllers have
been developed. Among the intelligent MPPTs, there is the logic-
based MPPT which has interested several researchers. In the
literature, there are several publications on this fuzzy MPPT
controller with more approaches [7-13]. In this context, we will
present an intelligent MPPT based on fuzzy logic but which is
different with a custom defuzzification function because most of
the papers dedicated to this field use default and predefined
defuzzification functions.
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2. Modeling of photovoltaic system

Photovoltaic system works on the photovoltaic effect to
convert solar radiation into direct current. When the sun attacks the
panel, the energy is absorbed by a semiconductor. This energy will
release the electron-hole pairs from their binding state to supply
the load of the photovoltaic system. The output power of the
photovoltaic panel depends on environmental variables such as
irradiation and temperature. Therefore, to operate the PV system
at its maximum power point; the MPPT mechanism is very
important and useful. Many MPPT mechanisms have been
introduced in the literature by many researchers since the year
1960. Some well-known conventional MPPT methods are
incremental conductance, perturbation and observation and
constant voltage.

However, this type of method presents classical and limited
algorithms. Their implementation requires a good, accurate sensor
to measure either voltage or current. Recently, the MPPT based on
artificial intelligence is widely used in PV system. These
intelligent MPPTs are dynamic with high efficiency and have
made the PV system interesting and competitive. Figure 1 shows
the block diagram of the proposed standalone PV system. The
system consists of a PV array, a MPPT controller combined to a
DC- DC converter and a load.

The irradiation (G) and temperature (7) are in charge of the
working point of PV system at the maximum power point (MPP)
[14]. The cell current, I, which represents the mathematical model
of the PV cell can be express as:
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where, I, is light-generated cell current (A), Iy is cell reverse
saturation current (A), g is electronic charge, 4 is ideality factor,
K. is Boltzmann’s constant, and T is cell temperature (K).
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Figure 1: Block diagram of the PV system
3. Perturb & Observe MPPT

Perturb & Observe algorithm is a conventional method. It is
used in photovoltaic systems because of its simple implementation.
Also, it needs a few measured parameters. It is based on the
measure of the PV current and voltage. From these values the
power is calculated at each time to find out the maximum power
point (MPP).

The principle of this algorithm is based on the operating
voltage of the PV module which is perturbed by a small increment
and the change of power is observed. If the change of power is
positive, then it is supposed that it has moved the operating point
closer to the MPP. So, the voltage disturbed in the same track
should move the operating point toward the MPP. If the change of
power is negative, the operating point has moved away from the
MPP. In this case, the direction of perturbation should be reversed.
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Figure 2: Flowchart of P&O method
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4. Fuzzy MPPT based custom defuzzification

The MPPT allows the PV system to work at the maximum
despite the variation of its parameters, irradiation, temperature and
load. Conventional MPPT methods are limited, however, MPPT
based on fuzzy logic fuzzy offers the advantage of being robust,
efficient and works to the PPM. The implement of the fuzzy MPPT
has three steps: the fuzzification, inference engine and
defuzzification (Figure 3).

Rule base
Output
Input utpu
gl Fuzzification Defuzzification [l
A 4
a] Inference &

Figure 3: Fuzzy MPPT block diagram
4.1 Fuzzification method

Fuzzification is a method by which sharp values are blurred.
To do this, the linguistic variables and the membership functions
that will be implemented to model the system must be defined. The
principle of fuzzification consists in the decomposition of the
universe of discourse of linguistic input and output variables into
a number of membership functions.

4.2 Inference engine

Inference is a method by which new information is deduced
from the information of premises. Inference in fuzzy logic control
systems is a method by which the result of each rule is deduced
from the results of each activated rule.

In the literature, dedicated to fuzzy logic, different methods
that can be applied to establish an inference engine. The most
popular are Mamdani and Takagi-Sugeno-Kang. The Mamdani
inference was developed by Ebrahim H. Mamdani in 1975. It was
used to modify the behavior of a steam engine. Mamdani's
inference was inspired from Lofti Zadeh's paper describing fuzzy
sets for systems. For Mamdani max-min inference, the minimal
operation is used at implication stage, while the max-min operator
is employed to the premises.

4.3 Defuzzification
[i(z)zdz

N PN )
Jui(z)dz

Zcoa =

where, zcoa is the control output.
The fuzzy MPPT has two inputs: error (err) and the variation
of the error (derr) which are defined by the equations (3) and (4).
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where, P,.(k) and V,.(k) are respectively the output power and
instantaneous voltage of the photovoltaic source.

3)

The inference rules are used to evaluate the linguistic values of
the activated rules according to their membership degrees. For
Mamdani inference, the inference of each activated rule gives a
surface. The aggregation of these surfaces gives a final surface
which by the defuzzification generates the value of the modulator.
The defuzzification allows the conversion of membership degree
in crisp value.

Each linguistic variables of the input and the output of the
proposed fuzzy MPPT based on custom defuzzification has five
membership functions. The used linguistic values are: NB
(Negative Big), NS (Negative Small), ZE (Zero), PS (Positive
Small) and PB (Positive Big).

The majority of researchs uses Matlab's predefined
defuzzification functions for fuzzy MPPT controller. Through this
contribution, we will propose a custom function of defuzzification
which will boost the action of the fuzzy MPPT controller.

S k ymf, x,
_ kot x @
Custom n >
> ymf;
where, k is a gain that regulates the rise time.
5. Simulation and discussion
The proposed fuzzy PV MPPT based on custom

defuzzification is compared to P&O MPPT. The simulation system
is presented below.
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Figure 4: Simulation system under Matlab Simulink
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Figure 5: Fuzzy MPPT controller design
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Figure 5 shows the design of fuzzy PV MPPT controller which
has two inputs: Error and change of error according to “(2)” and
“(3)”. Table 1 presents the electrical characteristic values of the PV
module.

Table 1: Electrical characteristics of the PV module

Electrical characteristics values
Maximum power (W) 85.383
Cells per module (Ncell) 36
Open circuit voltage Voc (V) 22
Short circuit current Isc (A) 5.2
Voltage at maximum power point Vmp (V) 17.9
Current at maximum power point Imp (A) 4.77

Figures 6-9 show simulation steps of fuzzy controller for PV
MPPT with custom defuzzification function. The inputs to the
fuzzy controller are error and error variation of the PV system. The
error is the ratio between the variation of the power on the variation
of the PV voltage. The output of the fuzzy controller represents the
modulator which will modulate the carrier of the PWM generator
to produce the PWM signal which will drive the switch of the boost
converter according to the inferences of fuzzy controller for PV
MPPT.
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Figure 7: Error membership functions
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Figure 9: Output membership functions
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Figure 10: Load voltages

Figures 10-15 present the results obtained from the simulated
system which are the voltage, the current and the power of the load.
Each figure presents the comparison of the three PV MPPTs which
are P&O, fuzzy with Mamdani inference and centroid
defuzzification and the response of the proposed fuzzy PV MPPT
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with Mamdani inference and custom defuzzification. The
contribution of fuzzy PV MPPT is interesting. The response of the
proposed fuzzy PV MPPT with Mamdani inference and custom
defuzzification is better than the other MPPTs. Table 2 shows the
load power performance of the three MPPTs, and the response of
the proposed fuzzy MPPT for PV system with Mamdani inference
and custom defuzzification presents less rise time and overshoot
than other MPPTs.
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Figure 11: Zoom of load voltages
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Figure 13: Zoom of load currents
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Figure 15: Zoom of load powers
Table 2: Performance of load power responses
Performance | P&O Fuzzy Fuzzy
o MPPT with | MPPT with
indices Centroid Custom
defuzz. defuzz.
RiseTime 0.0470 0.0262 0.0209
SettlingTime | 0.0902 0.0422 0.0393
SettlingMin | 149.7038 | 156.5957 156.5957
SettlingMax | 186.4765 | 174.4732 174.4730
Overshoot 7.1669 0.2762 0.2760
Peak 186.4765 | 174.4732 174.4730
PeakTime 0.0712 0.0545 0.0516

6. Conclusion

Conventional MPPTs have proven to be less efficient because
of the functioning principle of photovoltaic system which depends
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on weather conditions. The principle of fuzzy logic based on the
degree of membership has made it possible to implement a more
efficient and more robust MPPT controller than conventional ones.

In order to make the MPPT controller faster and at the same
time enrich the literature in this domain, we have proposed a new
fuzzy PV MPPT controller based on custom defuzzification
function. The results obtained show the action of defuzzification is
important in the system response.

The proposed fuzzy PV MPPT controller based on custom
defuzzification has confirmed this action and has given better
results than both MPPT controllers P&O and Fuzzy MPPT for PV
system according to of the performance indices of the responses.
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