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Abstract - PV Module Maximum Power Point Tracker (MPPT) is a photovoltaic system that uses the photovoltaic array as a
source of electrical power supply. Every photovoltaic (PV) array has an optimum operating point, called the maximum power
point, which varies depending on cell temperature, the insulation level and array voltage. The function of MPPT is needed to
operate the PV array at its maximum power point. In the recent decades, photovoltaic power generation has become more im-
portant due its many benefits such as needs a few maintenance and environmental advantages and fuel free. However, there
are two major barriers for the use of PV systems, low energy conversion efficiency and high initial cost. To improve the energy
efficiency, it is important to work PV system always at its maximum power point. important role in photovoltaic (PV) power
systems because they maximize the power output from a PV system for a given set of conditions, and therefore maximize the
array efficiency. Thus, an MPPT can minimize the overall system cost. MPPTs find and maintain operation at the maximum
power point, using an MPPT algorithm. Many such algorithms have been proposed. The mostly used MPPT are P&O and In-
cremental Conductance Method and Constant voltage and current, Pilot cell etc. This paper proposes a comparison on P&O

method, incremental conductance method and direct voltage measurement

Index Terms- Maximum power point tracking (MPPT) algorithm, photovoltaic (PV) system, incremental conductance

1 INTRODUCTION

T he rapid increase in the demand for electricity and the

recent change in the environmental conditions such as
global warming led to a need for a new source of energy
that is cheaper and sustainable with less carbon emissions.
Solar energy has offered promising results in the quest of
finding the solution to the problem. The harnessing of solar
energy using PV modules comes with its own problems
that arise from the change in insulation conditions. These
changes in insulation conditions severely affect the efficien-
cy and output power of the PV modules. Solar energy has
the advantages of maximum reserve, inexhaustibleness,
and is free from geographical restrictions, thus making PV
technology a popular research topic. In this world 80 % of
the green houses gases are released due to the usage of fos-
sil fuel based. The world primary energy demand will have
increased almost 60% between 2002 and 2030. Among
available renewable energy sources, Photovoltaic panel due
to pollution free, little maintenance and it is noise free. PV
array are used in many applications such as water pump-
ing, battery charging, hybrid vehicles, and grid connected
PV systems. Power delivered from a PV panel depends on
present environment conditions (irradiation and tempera-
ture), therefore PV needs the operating point to be tracked
continuously in order to optimize the maximum available
power (MPP) from using a Maximum Power Point Tracker

(MPPT) algorithms. Actually MPPT is a process oftracking
the maximum power point under different solar irradiation
and temperature through regulating the voltage of the solar
array. The open-circuit voltage and short-circuit current of
the solar array depends on solar irradiation and tempera-
ture. Hence, its only through MPPT that we can extract as
much energy as possible form a solar panel as a source un-
der different conditions that exist. Many techniques have
been proposed to reach the MPP and track it over time.
MPPT techniques can be divided in two categories: indirect
and direct. The first one makes use of an offline analysis of
the PV system, while the second one carries out online
measurements of the voltage and current to determine the
position of the MPP. Other indirect methods employ a
fuzzy logic controller. This solution takes the advantage
that the implementation is robust and easy, since no exact
mathematical models are required. If solar panel is directly
connected to the battery load or Resistive load, the charac-
teristics of voltage and current curve resultant of PV panel
is determine by the actual load on it. That is, load imped-
ance forcefully moves the operating point of PV panel to
locate the junction I-V and load line curve. Hence, this op-
erating point generally is away from maximum power
point taken out. Because of PV power change due to envi-
ronmental changes, hence there is no such guarantee to
deliver maximum power. By use of MPPT controller leads
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to resolve the mismatching impedance between connected
load and PV panel. By observing the various algorithms, it
found that each has some limitations on extracting power
from Photovoltaic cells. In this paper, we proposed a Novel
algorithm for MPPT, it is able to both track the MPP of the
PV source at every time changes in environment and im-
proves speed, accuracy, and efficiency of PV array. In this
paper, a solution to implement the principle presented in
without the need of computing derivatives is proposed: the
technique is simple, robust to noise, and is oriented to get a
fully working MPP tracker. The method is suitable to con-
trol a specifically designed circuit, which can substitute the
dc/dc converter used as interface in the PV inverters. In
fact, the proposed circuit is able to both track theMPP of
the PV source and charge the dc link of the inverter. Less
number of sensors needed in the controller circuitry since
the MPPT controller is only utilizing the source voltage
information. By utilizing a variable step-size algorithm, it
improves the speed, accuracy, and efficiency of the PV sys-
tem for better MPP.

2. MPPT CONTROL ALGORITHM

Large number of MPPT methods and different DC-DC
converter topologies have been proposed for extracting the
power from solar energy are presented and find the maxi-
mum operating power point (MPP). These various meth-
ods are available in terms of cost, speed, required sensors,
implementation, complexity, popularity, and some other
conditions. These methods are categorized in order to con-
ventional techniques and artificial intelligencetechniques.
The MPPT algorithm operates based on the truth that the
derivative of the instantaneous power is equal to zero at
the maximum power point. However, most widely used
MPPT algorithms are
1. Perturb and Observe (P&O)

2. Incremental Conductance

A satisfactory MPPT costs comparison can be carried out
by knowing the technique adopted in the control device,
the number of sensors, and the use of additional power
component, considering the other costs equal for all the
devices. To make all the cost comparable between them,
the computation cost comparison is formulated taking into
account the present spread of MPPT methods. The number
of sensors required to implement the MPPT technique also
affects the final costs. Most of the time, it is easier and more
reliable to measure voltage than current and the current
sensors are usually more expensive and bulky. The irradi-
ance or temperature sensors are very expensive and uneco-
nomic.
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2.1. Perturb and Observe Method

This algorithm uses simple feedback arrangement and
little measured parameters. In this approach, the module
voltage is periodically given a perturbation and the corre-
sponding output power is compared with that at the previ-
ous perturbing cycle. In this algorithm a slight perturbation
is introduce to the system.This perturbation causes the
power of the solar module various. If the power increases
due to the perturbation then the perturbation is continued
in the same direction. After the peak power is reached the
power at the MPP is zero and next instant decreases and
hence after that the perturbation reverses that is if the PV
array operating voltage changes and power increases, the
control system moves the PV array operating point in that
direction; otherwise the operating point is moved in the
opposite direction. The drawback of P&O is that it cannot
determine when it has actually reached the MPP. Instead, it
oscillates around the MPP, changing the sign of the pertur-
bation after each P measurement. This method requires
high sampling rates and fast calculations of the power
slope.
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Figurel. P&O Algorithm
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Figure2. Power and voltage under varying irradiance

2.2. Incremental Conductance Method

The disadvantage of the perturb and observe
method to track the peak power under fast varying atmos-
pheric condition is overcome by IC method The incremen-
tal conductance algorithm is based on the fact that the
slope of the curve power vs voltage (current) of the PV
module is zero at the MPP, positive (negative) on the left of
it and negative (positive) on the right In both P&O and In
Cond schemes, how fast the MPP is reached depends on
the size of the increment of the reference voltage the draw-
backs of these techniques are mainly two. The first and
main one is that they can easily lose track of the MPP if the
irradiation changes rapidly The MPP can be calculated by
using the relation between dI/dV and -1/V. If dP/dV is neg-
ative then MPPT is lies on the right side of recent position
and if the MPP is positive the MPPT is on left side Once the
MPP is reached, the operation of the PV array is main-
tained at this point unless a change in Al is noted, indicat-
ing a change in atmospheric conditions and the MPP. The
algorithm decrements or increments Vref to track the new
MPP. The increment size determines how fast the MPP is
tracked. Fast tracking can be achieved with bigger incre-
ments but the system might not operate exactly at the MPP
and oscillate about it. IC methods can be used for finding
the MPF, improve the PV efficiency, reduce power loss and
system cost Implementation IC on a microcontroller pro-
duced more stable performance when it compared to P&O.
The disadvantage of this algorithm is the increased com-
plexity.
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Figure3. Incremental conductance algorithm
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3. PROPOSED METHOD

MPPT techniques can be divided in two catego-
ries: indirect and direct. The first one makes use of an of-
fline analysis of the PV system, while the second one car-
ries out online measurements of the voltage and current to
determine the position of the MPP. The fractional open-
circuit voltage (Voc) and fractional short-circuit current
(Isc) methods exploit the quite linear relationship between
the Voc or Isc and the value of, respectively, the voltage or
current at the MPP condition. In some works, to have better
results, the previous techniques are used together. Most of
the these methods require to measure both voltage and
current to identify the MPP, since the power needs to be
calculated. The voltage can be easily measured, for in-
stance, through a resistive divider, while the current meas-
urement is more complicated. To overcome the problems
related to current measurement, some authors have pro-
posed solutions that estimate the MPP position making use
of a voltage sensor only and complementing it with other
information available from the system. In this paper, an
approach was proposed that is successful in actually meas-
uring the position of the MPP requiring only the PV gener-
ator voltage measurement: the idea is to connect the PV
source to a suitable capacitive load and to measure the
voltage across it as the source is charging and a solution to
implement the principle pr sented in without the need of
computing derivatives is proposed: the technique is simple,
robust to noise, and is oriented to get a fully working MPP
tracker. The method is suitable to control a specifically de-
signed circuit, which can substitute the dc/dc converter
used as interface in the PV inverters. In fact, the proposed
circuit is able to both track theMPP of the PV source and
charge the dc link of the inverter. The interface perfomance
and a comparison with other method has been carried out.
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3.1 Detection Method Of MPP
The basic idea of the proposed method is presented
referring to Fig.5, where the evolution over time of some
quantities related to a capacitor being charged by the PV
source is shown. In this case, the instantaneous power, p(1),
can be calculated as
dv(t) C dv(t)

p(t) = C.v(t). % 7 dr
where v(t) is the capacitor voltage, C is its capacitance, and
v2(t) the square of the voltage value. The position of the
MPP was identified by considering the derivative of p(t).
The MPP is Icated where the derivative of the instantane-
ous power p(t) is equal to zero. As is possible to observe

from (5), this point corresponds to the inflection point of
the square of the voltage, v2(t), which is where the slope of
v2(t) has the maximum value.
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Figure5.Voltage across the capacitor,its squared value and
instantaneous power verses time.

To find out when the slope of v2(t) stops increasing, the
control logic (programmed in a microcontroller) subdivides
the charge of the capacitor into a number of time intervals
Ti . During each Ti , a given number 7 of voltage samples
are acquired by a microcontroller, which computes the
slope of v2(t). The slope of v2(t) is the angular coefficient m
obtained by a linear regression on the points. When the
MPP has passed and a discharge has occurred, the angular
coefficient m and the voltage V reached at the end of the
first charging interval are compared to the two values
stored in memory, referred to the estimated MPP. If mi is
the last iteration and mi-1 is the previous iteration stored
in the memory. If mi > mi-1 , the MPP has not been
reached, Otherwise, if mi < mi-1, the MPP has just been
passed. Thus the algorithm iterates a double discharge, a
retuning and two sampling intervals until a new steady
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condition is reached. As soon as the transient finishes, the
search for the MPP restarts.
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Figure6. Flow chart of the algorithm.

Fig. 6, shows the flowchart of the algorithm to find out
when the slope of v2(t) stops increasing. The algorithm as
described so far can correctly detect and track the MPP in
presence of a varying irradiance. So that v2(t) can be con-
sidered linear with good approximation.

3.2 . Schematics Of Inverter Interface
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Figure?7. Circuit of Inverter

The circuit of inverter interface of proposed method is
called double capacitor interface (DCI). The DCI is com-
posed of two identical subcircuits: one made of S1-C1-S3-
L1, the other one made of 52-C2-54-L2 as shown in fig7.
The purpose of having two subcircuits is that when the first
has reached the MPP, the second is connected to the PV
source while the first transfers energy to the dc link. Initial-
ly, only S1 is closed and C1 is connected to the PV source:
the capacitor is charged and every Ti the microcontroller
monitors the voltage across it. The switch remains closed
until the MPP condition is reached. As soon as the MPP on
C1 is detected, S1 is opened and S3 and S2 are closed. S2 is
kept closed until theMPP on C2 has been reached; at that
point, S2 is opened, S4 and S1 are closed and the cycle
starts again.

3.3 . Simulation Results

Fig. 8, shows the simulation results of voltage
and time under varying irradiance. Fig 8(a) shows simula-
tion results under decreasing irradiance and Fig 8(b) shows
simulation results under increasing irradiance. The voltage
across the PV array after a rapid change of irradiance is
shown. The mean value of the TF for a series of simulations
ranging from 50 to 1000 W/m2 was found to be about
99.4%.Since an irradiance variation has occurred, the MPP
research cannot be accurate and the algorithm parameters
have to be retuned. For this reason, a double discharge on
the capacitor is triggered. This simulation can be useful to
evaluate the behavior of the proposed method with differ-
ent values of irradiance, as normally happens during a day.
The algorithm has proved to be able to properly adjust the
sampling frequency in accordance to the power delivered
by the source.
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Figure8. Voltage and time under decreasing and increasing
irradiance

4. CONCLUSION

A direct MPPT algorithm for PV applications has
been presented: it exploits only the voltage measurements
across a capacitor to actively follow the MPP; this allows to
eliminate the current transducer. It works in a satisfactory
way under varying irradiance. The proposed algorithm
satisfies extracting maximum power with high efficiency
due to rapid change of weather, minimizing the oscillations
around MPP, giving quick and high response, and finally
increasing stability of PV system.The tracking efficiency
was evaluated to be 99.4%, while the DCI efficiency was
estimated to be 97.8%. This paper provided a clear, accu-
rate, and practical powerful tool for MPP field applications.

510

REFERENCES

[1] B. Subudhi and R. Pradhan, “A comparative study on max-
imum power point tracking techniques for photovoltaic power
systems,” IEEE Trans. Sustainable Energy, vol. 4, no. 1, pp. 89—
98, Jan. 2013.

[2] T. Esram and P. L.Chapman, “Comparison of photovoltaic
arraymaximum power point tracking techniques,” IEEE Trans.
Energy Conwvers., vol. 22, no. 2, pp. 439-449, Jun. 2007.

[3] V. Salas, E. Olias, A. Barrado, and A. Lazaro, “Review of
the maximum power point tracking algorithms for stand-alone
photovoltaic systems,” Sol. Energy Mater. Sol. Cells, vol. 90, pp.
1555-1578, 2006.

[4] R. S.Lewis, "Antartic Research and Relevant of Science," in
Bulletin of the Atomic Scientists, vol. 26, 1970, pp. 2.

[5] Y.-H. Chang and C.-Y. Chang, "A Maximum Power Point
Tracking of PV System by Scaling Fuzzy Control," presented
at International Multi Conference of Engineers and Computer
Scientists, Hong Kong, 2010.

[6] S.Mekhilef, "Performance of grid connected inverter with
maximumpower point tracker and power factor con-
trol,"International Journal of Power Electronics, vol. 1, pp. 49-62,
2008.

[7] Y. Jiang, J. A. A. Qahouq, and T. A. Haskew, “Adaptive
step size with adaptive-perturbation-frequency digital MPPT
controller for a single sensor photovoltaic solar system,” IEEE
Trans. Power Electron., vol. 28, no. 7, pp. 3195-3205, Jul. 2013.

[8] N. Fermia, G. Petrone, G. Spagnuolo, and M. Vitelli, “Op-
timization of perturb and observe maximum power point
tracking method,” IEEE Trans. Power Electron., vol. 20, no. 4,
pp- 963-973, Jul. 2005.

[9] M. Azab, "A New Maximum Power Point Tracking for
Photovoltaic Systems," in WASET.ORG, vol. 34, 2008, pp. 571-
574.

[10] B. S, Thansoe, N. A, R. G, K. AS,, and L. C. J., "The Study
and Evaluation of Maximum Power Point Tracking Systems,"
International Conference on Energy and Environment 2006 (ICEE
2006), pp. 17-22, 2006.

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

	1 Introduction
	2. MPPT CONTROL ALGORITHM
	2.1. Perturb and Observe Method
	2.2. Incremental Conductance Method

	3. PROPOSED METHOD
	3.1 Detection Method Of MPP
	3.2 . Schematics Of Inverter Interface
	3.3 . Simulation Results

	4. CONCLUSION
	References



