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ABSTRACT:The PV cells are used to convert
incident solar energy into electrical energy.
However, due to change in environmental
conditions less power output is generated. The
operating point shifts from the maximum power
point (MPP) to some other point, which decreases
the efficiency of solar panels. Till now, the
maximum power is estimated or PV power output
is considered from the present value of voltage and
current or reference voltage is estimated by using
the given irradiance and temperature values. But in
the Modified algorithm of P&O MPPT presented in
this paper uses the theoretical power values which
is calculated by using the system model which can
be generated by the given irradiance and
temperature values. We compare the results of the
Conventional P&O to the Modified P&O. For the
comparison we have taken voltage ripple, current
ripple, power ripple, and tracking efficiency as the
parameters. The graphs and observations clearly
showed that Modified P&O boosts the efficiency of
the system.
KEYWORDS: PV cell, MPPT, P&O, Power
controller, Solar energy, MATLAB/simulink.

I. INTRODUCTION
The suitable environment for solar panels

is available in India because India receives good
sunshine for over 300 days in a year. India
launched its National Solar Mission in 2010 with a
target of 20 GW for solar energy which further
revises in 2015 to 100 GW by the end of 2022. In
India various schemes are launched by the

government to promote the use of solar panels like
solar rooftop programme, solar parks, for farmers
KUSUM scheme, etc.[1]

India is continuously increasing its solar
capacity. As in just last 5.5 years the capacity
increases from around 2.6 GW to more than 34
GW. India is now at the 5th position globally for
overall installed renewable energy capacity.[1]

As the efficiency of solar panels is not
much so to boost up it various MPPT algorithms
are used with mechanical trackers [2]. In this paper
P&O technique with modified algorithm is
discussed, with its finding that it increases the
efficiency of the PV tracking system by comparing
it with the conventional P&O results.

II. MATHEMATICAL MODELING OF A
PV CELL

A Photovoltaic (PV) cell transforms the
incident solar radiations (or insolation) into
electricity by a phenomenon called Photovoltaic
effect. Several PV cells are joined together to get
the desired power output. The semiconductor
material is used for the manufacturing of solar cells.
Solar cell’s equivalent circuit model is shown in
Figure 1. It consists of a current source, a diode
connected in shunt and two resistors, resistor
connected in series (Rs) and a resistor connected in
shunt (Rsh), as it is shown in Figure 1. [3-14]

By using the Kirchoff’s current law, that is
KCL in the PV cell equivalent circuit, the PV cell
generated current, that is Ip can be given as in
Equation (1), [15]

Where, IP is Photo-generated current (A) and Id is Diode saturation current (A)

The current Ip is sum of the diode current (Id), the
current through the shunt resistance Rsh and the
terminal current, I.[16-17]

As the voltage across Rsh is equal to V + IRS, the
current through Rsh can be given by the Equation (2)
[18].

Ip Id Ish I   (1)
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Figure 1: PV solar cell equivalent circuit
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From PN junction theory,
( )/( )0  1TV IRs nVId NpI e   (4)

So this is the current equation for the diode.

Where, I0 represents reverse saturation current of the diode, VT is the voltage equivalent of temperature and n
represents the diode ideality factor.

Equation (5) shows the characteristic curve of the PV module. [6], [9-10], [18-21]
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III. MPPT CONTROL TECHNIQUE
There are various MPPT algorithms

provided in literature. As they are an essential part
in the PV panel to get maximum power or
maximum efficiency at any time. Let’s discuss
some of the MPPT algorithms one by one.

Conventional P&O method [4], [14], [22-26]
In conventional method the PV voltage

output (V) and current output (I) are considered as
the control inputs in the MPPT controller. The
controller algorithm gives the control signal for the
converter accordingly.

Lets understand how this method works.
Let initially, the PV output voltage is increased by
using the control signal for the converter. Then
calculate the output power which is calculated by
using V and I, then compare it with the previous
power. At the start initial power is set at zero value.

If the power is increased then the
algorithm is designed such that it continuously
increasing the PV output voltage till the generated
power starts decreasing. If the power starts

decreasing then the voltage is reduced by the
control signal to reach the MPP again.

If due to reduction in the output voltage
value, the power is decreased from the previous
iteration then the voltage is further increased to
reach the MPP to generate maximum power.

The present power is matched up with the
previous power and according to the P&O principle
the algorithm works and reaches the maximum
power point
.
Modified Algorithm P&O MPPT Flow chart

The P&O MPPT with Modified Algorithm
is depicted as a flow chart in Figure 3. The present
values of output voltage and current output of the
PV system are measured and calculated the present
power output that get from the PV system. Then
the power difference is taken which is the
difference of maximum theoretical power for the
given conditions and the present power.

If the power difference is zero then the
step size is no longer to change and operating point
reach the maximum power point (MPP). If the error
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is not zero then by using the variable step sizes it
performs the MPPT operation to fast reach the

MPP and also reduce the steady state oscillation
which is not desirable.

Figure 2: Modified P&O MPPT Algorithm Flow chart

IV. PV SIDE RESULTS
The input Solar irradiance profile,

Ambient cell temperature profile, PV voltage

output, PV current output and PV power output all
are incorporated in the PV side results.

Figure 3 shows the Irradiance and
temperature profile of the input data given to the
PV array block in the MATLAB.
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Figure 3.a: Profile for the Irradiance value in a step changed manner [16]

Figure 3.b: Constant Temperature profile (25 ºC)

Output voltage graph of the PV panel in
case of Modified and Conventional MPPT with
P&O technique is shown in Figure 5. We can easily
see that the voltage ripple in steady state condition
is highly reduced in Modified P&O algorithm.

Figure 6 shows the graph between the
output current of the PV panel in case of Modified
and Conventional P&O MPPT technique. We can
easily see that in Modified P&O algorithm the
current ripple in steady state condition is highly
reduced.
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Figure 4: Graph of PV Output Voltage vs Time

Figure 5: Graph of PV Output Current vs Time

The output power graph generated by the
PV panel in case of Modified and Conventional
technique is shown in Figure 6. It also incorporates
the theoretical power calculated by using the system
model.It is seen that the tracking of power is rapid
following a change in the value of insolation and the
steady state response is smooth in Modified
algorithm as compared to the Conventional algorithm.

MPPT tracking efficiency defines the
effectiveness of the Modified algorithm. How close
the tracking power to the maximum power at any
instant of time denotes the tracking efficiency. The
following formula is used to compute the
instantaneous MPPT tracking efficiency [2]:
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Figure 6: Graph of PV Output Power (W) vs Time
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The average tracking efficiency is given by [2],[16], [20], [27]
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(7)

In Equations (6) and (7), PMPP* is the panel
theoretical maximum power, which is try to reach
by the MPPT algorithm. PMPP* is calculated by
using the PV system model. The PMPP is actually
the power which gets by utilising the MPPT. PMPP

is calculated by using the present values of V and I.
The graph between the tracking efficiency

of PV panel in case of Modified and Conventional
P&O MPPT technique by using the Equation (6) is
given in Figure 7.

V. OBESERVATIONS FROM THE
GRAPHS

From Table 1 we can observe that in Modified
P&O algorithm the voltage ripple, current ripple
and the power ripples are reduced as compared to
the Conventional P&O MPPT algorithm.

Table 2 shows the average tracking
efficiency which is calculated by using the
Equation (7) in case of Modified and Conventional
MPPT algorithm.

VI. CONCLUSION
In this paper, the variable change in

voltage, that is ΔV MPPT algorithm is presented
and simulated for isolated PV system. The various
values of step sizes used are based on the error
between the present extracted power to the
theoretical maximum power the PV array can
generate at the given input conditions. The
modified algorithm is simple and provide higher
efficiency, which is verified by comparing to the
conventional method by using MATLAB/simulink
R2016a software. The modified P&O algorithm
boosts the tracking response.

The Modified P&O MPPT algorithm
reduces the voltage ripples(peak-to-peak) from 3V
to 0.5V, current ripples(peak-to-peak) from 2.5A to
0.5A, power ripples(peak-to-peak) from 15W to
1.5W and boosts the average tracking efficiency of
the PV system from 97.51% to 98.73%, which
increases the system overall efficiency.

Future scope
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The following points states the future
scope of the research report:
1) The Modified MPPT technique with mechanical
tracking can give additional overall efficiency,
project may be extended in this direction.

2) By adding local area network module to the PV
panel, we are able to record the input data, i.e. the
irradiance and the temperature values within the
system and optimize the information for better use.

Figure 7: Graph of System tracking efficiency

Table 1: Conventional and Modified P&O MPPT algorithm comparison chart
MPPT Algorithm Voltage Ripple (V) (Peak-

to-peak)
Current Ripple (A) (Peak-

to-peak)
Power Ripple (W) (Peak-

to-peak)
Conventional P&O 3 V 2.5 A 15 W

Modified P&O 0.5 V 0.5 A 1.5 W

Table 2: Summary of MPPT Efficiency in Conventional and Modified MPPT Algorithms
MPPT Algorithm Average Tracking Efficiency (%)
Conventional P&O 97.51%

Modified P&O 98.73%
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