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Abstract—This paper presents an implementation of MPPT
(maximum power point tracking) algorithm based on real-time
measurements and on model-based simulation. For the
supervision of a photovoltaic module, different cases of shading
are used. Attention was given on advanced control for the
supervision of a photovoltaic system according to the need to
maximize energy output. Experimental results verified the
performance and the feasibility of the proposed system.
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I.

INTRODUCTION

Fossil fuel energy causes a lot of concerns, from global
warming and air pollution, to the issue of their limited reserves
[1]. Solar energy is a green and renewable energy source. It has
been widely exploited in grid-connected systems, in PV pumps
and in stand-alone systems. In most systems PV modules are
required to be connected in series to form PV panels. PV
applications can be classified into two broad categories: the
stand-alone and the grid-connected systems. A stand-alone
system is widely used in remote places where access to
electricity is not viable. The stand-alone configuration can
provide well regulated load voltage but the reliability of power
supply cannot be guaranteed. This enables the overall PV panel
to obtain high input voltage producing high output power to
justify the use of MPPT control [2]. Increasing the efficiency of
solar cell is an open issue. Different kinds of solar cells have
been designed and introduced. The solar panel, the most
essential part of a photovoltaic system, converts solar to
electrical energy, having nonlinear I/V characteristic curves.
Modeling of photovoltaic system predicts the system’s
electrical behavior in various environmental and load
conditions. A PV generation system should operate at its
maximum power point (MPP) to increase system efficiency [3].
Therefore, MPP tracking is very crucial for PV power
generation systems, their optimum use is to operate at MPP as
much as possible. Since the earliest MPPT methods published
in 1960s, we can count over than fifteen MPPT methods [4, 5].
They can be classified according to the research process of
MPP into direct and indirect methods [6]. Indirect methods,
like short circuit and open circuit methods need a prior
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evaluation of the PV panel. They are based on mathematical
relationships which are not valid for all operating
meteorological conditions. So, they cannot obtain exactly the
maximum power of PV module at any irradiance and cell
temperature. Direct methods operate at every meteorological
condition. The most used methods are perturb and observe
(P&O), incremental conductance (INC) [7], and fuzzy logic
(FL) based MPPT. Some direct MPPT methods can be
classified according to the variable being tracked. MPPT
algorithms with fixed step and with variable step can be
differentiated. Classifications can be built based on
implementation simplicity, energy efficiency, convergence
speed, sensors required and cost effectiveness. These criteria
are often dependent to each other, and make the choice of
MPPT method more difficult [8-10].
II.

PROPOSED METHOD

The proposed scheme of the controller is shown in Figure 1.
It is composed of an array of photovoltaic modules (s×p)
composed of s cells in series connection and p cells in parallel
connection, depending on the power system. The buck-boost
DC/DC converters use MPPT for the PV array in order to
extract the maximum available power from them. Lead-acid
battery is used to store the energy, to regulate the DC-bus
voltage through a reversible current DC/DC converter and to
supply the motor pump at the low solar irradiance conditions.
III.

ANALYSIS OF THE PV SYSTEM

The solar cell is the basic unit of the PV modules which
converts photons directly into electrical energy. A solar cell is
generally represented by a circuit diagram [11] as shown in
Figure 2. The one diode model is commonly used for modeling
cells of crystalline silicon technology. The equivalent electric
circuit comprises a current source, two resistors, and a singlediode. The one-diode model contains five parameters which
describe the PV cell properties. The voltage current
relationship that can be deduced using the equivalent circuit
results in a transcendental equation [12]. The modeling of the
PV power supply system is the initial stage that must precede
all sizing simulation applications. PV system’s modeling is
quite complex. Several models are proposed for modeling the
different components of a stand-alone PV system [13]. These
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are based on analytical models or numerical simulations. Other
methods are based on software simulations using [14, 15].
Automatic data acquisition systems are currently used for both
monitoring the system performance and control of its
operation. The obtained information can be used to evaluate the
plant efficiency during long periods and to optimize future
systems in terms of performance and reliability. These systems
are based on the use of microcontroller and microprocessor for
PV applications [16].

Fig. 1.

Fig. 2.

Photovoltaic system
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between the module and the load without controller. In this
case the PV module was connected to the generic impedance.
Under these conditions, the output power is always less than
800W, as can be seen in Figure 4. In the latter test the same
conditions were maintained, but the MPPT control was
properly inserted. In this case the output power is always
greater than 850W as can be seen in Figure 5.

Fig. 3.

Simulink model for perturbation and observation MPPT

Equivalent electrical circuit of photovoltaic cell

IV. MPPT CONTROL
PV modules are known to be nonlinear, and there is one
operation point where the PV string generates maximum
power. One of the problems in the PV systems is that the
amount of electric power by the PV arrays is always changing
along with the weather conditions. An MPPT control strategy,
which has quickly response characteristics and is able to make
good use of the electric power generated in any weather, is
needed to solve this problem. The most commonly used MPPT
algorithm is the P&O, due to its ease of implementation in its
basic form [17]: We assume that the PV module operates at a
given point, which is outside the MPP, it is perturbed by
∆V=V(n)-V(n-1), and the change in the power ∆P=P(n)-P(n-1)
is measured. If ∆P>0, the operation point has approached
MPP, and the next perturbation must take place in the same
direction as the previous one. If ∆P<0, the system has moved
away from the MPP and, consequently, the next perturbation
must be performed in the opposite direction.
V.
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VALIDATION OF THE ALGORITHM

The proposed algorithm was validated by Simulink in two
different situations (Figure 3), assuming the presence of the
proposed control system and its absence. In both cases the
module output power was evaluated in order to perform a
subsequent comparison. During the tests, the PV module was
submitted to constant temperature and solar irradiance
conditions. During the test, a DC/DC converter was connected
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Fig. 4.

Output power without MPPT

Fig. 5.

VI.

Output power with MPPT

IMPLEMENTATION OF THE MPPT ALGORITHM

Figure 6 describes the electrical circuit implemented in
Proteus software. The PV array was simulated with two solar
energy cases A and B (details in Table I).
TABLE I.
Cases
A
B

Solar irradiance
(mW/cm2)
65.357
24.982

SIMULATION DATASHEET

MPP
Power (W)
102.648
42.610

MPP
Voltage (V)
27.315
32.280

MPP
Current (A)
7.750
2.640
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Fig. 6.

Electrical scheme in Proteus

Figures 7 and 8 represent respectively I/V and P/V curves
under two different cases at 65°C. The PV array gives 150W
maximum power, 43.5V open-circuit voltage and 4.75A closecircuit current at 1kW/m2 solar energy under 25°C. Solar
energy is changed from A to B. However, this part is needed to
run only when the environmental conditions are changing. It
can be executed with low sampling rate.

(b) With one
cell partially
shadowed

(c) Two cells
with the
same area
shadowed
Fig. 7.

The I/V curve under the cases A and B at 65°C

(d) With two
cells entirely
shadowed

Fig. 8.

The P/V curve under the cases A and B at 65°C
Fig. 9.

Measured and simulated I/V characteristics of the PV module

VII. SUPERVISION OF PV MODULE SHADING
The model of the complex system is reduced without
requiring much computational resources and is suitable for
operating in real-time, in order to verify the effectiveness of the
system developed under various partial shadow conditions
(Figure 9).
www.etasr.com

VIII. CONCLUSIONS
Due to the age of the module used, its behavior is not
identical to the datasheet. The environmental conditions for the
simulation have been adjusted in order to create the same shortcircuit current and open-circuit voltage to the measurement.
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The PV module gives 150W maximum power, 43.5V opencircuit voltage and 4.75A short-circuit current at 1kW/m2 solar
energy under 25°C.
An advanced control of the photovoltaic system, in normal
or in shadow weather conditions has been realized.
Experimental and simulation results were compared in order to
confirm the established MPPT control. Experimental
measurements of voltage and PV power of MPPT method were
conducted under step changing irradiance. The obtained
experimental curves are identical to the simulation ones. All
results have been achieved while modeling all systems in
Simulink and writing all models in Matlab code. The studied
schemes include the PV plant model, the estimator parameters,
the reference model block and the supervision system control.
The block MPPT is necessary to track the maximum power
point and to establish the reference voltage in input. It is based
on the P&O algorithm, which step by step researches the point
where the first order derivative is zero. The experimental
results are quite satisfactory, showing the effectiveness of the
proposed control in improving the power quality and the
reliability of the power supply.
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