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Abstract
By changing the temperature and irradiation, the shape of the current-voltage characteristic of the
photovoltaic system changes, and therefore the position of the maximum power point (MPP). Because
of that, within the converter, on the side of the photovoltaic system (PVSC), there should be an
implemented algorithm for maximum power point tracking (MPPT). This work presents and explains the
“Perturb and Observe” MPPT algorithm and the possibility of its application in real PV system. Also, a
simulation of this algorithm is presented in the MATLAB software package.
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Introduction
•

Charge control devices controls the energy coming from solar panels. It adjusts the current and the
voltage and then send it to batteries. Charge control device prevents over charge and over
discharge of the batteries. Therefore, it protects the system. Each solar energy systems requires a
charge control device.

•

MPPT stands for Maximum Power Point Tracking. MPPT is a technique to observe and regulates
the energy going from solar panel to the batteries. Solar panels show changeable outputs according
to weather conditions. MPPT charge control devices can match the solar panel voltage with battery
voltage to maximize the charge efficiency.
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•

An MPPT is an electronic DC to DC converter that optimizes
the match between the solar array (PV panels), and the
battery bank or utility grid. To put it simply, they convert a
higher/lower voltage DC output from solar panels down/up to
the lower/higher voltage needed to charge batteries or other
devices on the grid.

•

Maximum Power Point Tracking is electronic tracking usually digital. The charge controller looks at the output of
the panels and compares it to the battery voltage. It then
figures out what is the best power that the panel can put out
to charge the battery. It takes this and converts it to best
voltage to get maximum AMPS into the battery. Most modern
MPPT's are around 93-97% efficient in the conversion. It’s
typically a 20 to 45% power gain in winter and 10-15% in
summer. Actual gain can vary widely depending weather,
temperature, battery state of charge, and other factors.
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I-U characteristic of PV panel and
Maximum Power Point (MPP)

MPPT algorithm in MATLAB
•

Microcontoller periodically increases or decreases
duty cycle and follows the output power with the goal
of achieving the maximum of output power.

•

In this case, we are using Perturb and Observer
MPPT algorithm. It’s more complicated than some
algorithms, but has better efficiency. It’s based on
incremental change of duty cycle D by following the

Perturb and observe MPPT algorithm

power and voltage. For example, if the increase of
voltage led to increase of power, then it continues
with the increase of a voltage until the power is
increasing. Similarly, if the increase of voltage leads
to decrease of power, then it decreases the voltage
in order to increase the power, and so on.
Logic of perturb and observe algorithm and
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oscillation around MPP

•

Model input is PV module output power (PPV [W]) and
the model output is referent value of voltage at PV
link (Vref [V]).

•

Block Z-1 remembers the value of the last signal that
was on his input. Part of the model marked in red line
compares old and new value of PPV, and gives 1 at
the output if operating point goes in direction of
power increase, or -1 in reverse case. Part of the
model marked in blue line allows multiplication of
current ΔV value with the switch output value. At the
end, new ΔV is added at the last value of referent
voltage (marked in yellow line).

•

Accuracy of this algorithm actually depends the most
on ΔV.
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MATLAB Simulink model of MPPT
algorithm

Real PV system
•

PV system analyzed in this work is placed on the rooftop of
the Faculty of Electrical Engineering in Belgrade, Serbia.
This system is hybrid, which means that it can be connected
on distribution grid or work off grid with batteries. It contains
8 PV panels with Pmax=275W of which there are 4 parallel
connections of 2 panels in a series connection. Also, there
are converter/charger with PWM (Pulse Width Modulation)
and 8 batteries with 200Ah capacity of which 4 batteries are

Hybrid PV system

series connected and then parallel connected with other 4
batteries in a series alongside with the battery balancer that
is used for equalizing the state of charge of batteries, so they
are even charged/discharged. The power obtained from this
system is used for power supply of different devices at
faculty of Architecture. Also, this system can work for few
days without grid power.
PV panels on the rooftop
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PV system simulation in MATLAB
•

In order to see the benefits of MPPT over PWM,
MATLAB Simulink model with MPPT algorithm is
made.

PV system electrical scheme

PV system in MATLAB
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Results
•Under cloudy conditions, with irradiation on solar
panels of 800 W/m2 and ambient temperature of 25ᵒC
alongside with other input values given by manufacturer,
the simulation is started.
•The output maximum power is around 1550 W under
given conditions and operating point is going around
MPP and that’s why there are little cogs around

PVSC output power

maximum power, or in other words there isn’t a straight
line on a graph of output power. That’s the reason why
Duty cycle is increasing and decreasing, in order to
maintain around MPP.

Change of duty cycle
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Conclusion
•

Under the similar weather conditions that are used in simulation, in real system with PWM,
output power is measured around 1250W. That means that MPPT efficiency, in this case, is
around 20% better than with PWM.

•

Generally, MPPT is 20-30% more efficient than PWM, which means that more power is used
from PV modules. Should we use MPPT or PWM mainly depends on the PV system size.

•

If system is smaller and efficiency isn’t critical, tendency is to use PWM controllers, because
they are cheaper than MPPT ones. In other hand, if system is bigger and producer is giving
power into the EES which means that distribution is paying him for the power, then it is
recommended to use MPPT instead of PWM controllers.
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