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Abstract: The output power in PV module depends upon the solar irradiance and atmospheric conditions. Maximum power does not fluctuate under
uniform environmental conditions. However, during the varying atmospheric conditions all the modules are not able to produce stable voltage. So, the
PV characteristics become highly non-linear. To solve this non-linear problem the concept of PSO with inertia and without inertia is being used, which
will be capable for tracing the global maximum power point. Since PV characteristics under varying atmosphere conditions consist of many peaks called
as local maxima and global maxima. This paper presents the MPP technique using PSO with inertia under dynamic environmental conditions. So, with
inertia optimizes the conditions under partial conditions and identify global maximum power point. This technique requires very less time to converge
maximum power to the global maximum power point than the meta-heuristic techniques and as well as the conventional PSO.
Keywords: Solar PV, MPPT, Global Maximum Power Point, Local Maximum Power Point, Particle Swarm Optimization (PSO).
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1 INTRODUCTION
Due to the increasing demand of electrical power and crisis of
petroleum products, the solar energy is considered to be one
of the most abundant, green and clean sources of energy.
India launched a solar mission in January 2010. The mission
had set up the target of 20 GW of grid connected solar PV
system by the year 2022. It is then revised by the government
of India in 2015 and this target is set up for 100 GW SPV. This
solar mission had an aim to make India a global leader in the
generation of solar energy. Getting maximum power output
from the solar module is a challenge to make the SPV
economical and efficient. The power output of the PV array
depends on many factors but most prominent is solar
insolation because when the solar insolation changes, the
maximum power point also changes. It fluctuates with the
change in solar irradiation. There are two possibilities, one
clear sky days and other cloudy days. Solar panel output
depends on such weather conditions. Solar module provides
ideal output under clear sky day at ambient temperature but
under shading or partially shading conditions that may be due
to cloud or any other reason; the output of the module is
affected and sometime drastically reduced even to zero. All
the modules of an array are not able to produce equal voltage
under shaded or partial shaded conditions which make the PV
characteristics highly non-linear. In un-shaded conditions the
PV characteristics are linear, consists only one peak. So, the
conventional MPP techniques like P&O, INC are able to track
the maximum power with one peak only. But in case of partial
shading conditions, the PV characteristics consist of multiple
peaks. The conventional techniques of MPPT in partial
shading condition are able to track the first maxima
irrespective of the fact whether that is a local maximum or a
global maximum. Therefore, such techniques are not accurate
under partial shaded conditions. The optimization techniques
are used which will be capable of comparing all the peaks and
find the maximum power point. MPP techniques based on the
fuzzy logic and neural network require huge data for the
convergence of maximum power point to the global maximum
power point under partial shading conditions.
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The convergence speed is also very slow. The PSO is one of
the techniques which is also used to find the best maximum
point under partial shaded conditions. PSO principle is based
on learning and communication. Each particle of the group has
a personal best and it communicates its personal best and
then compares all the personal best of all the particles and
finds the global best. An advanced technique of PSO, PSO
with inertia optimizes the conditions under partial conditions
and identifies global maximum power point. This technique
requires very less time to converge maximum power to the
global maximum power point than the meta-heuristic
techniques and as well as the conventional PSO. Here in this
paper, an MMP technique using PSO with inertia under
dynamic environmental conditions is described. Introduction of
the paper is discussed in Section-I. Section-II explains the
requirement of MPPT. An overview of the PSO algorithm is
shown in Section-III. Section-IV illustrates the modelling of PV
array. In Section-V simulation, results and discussion are
given. Conclusion of the paper is presented in Section-IV.

2 REQUIREMENTS OF MPPT
Different algorithms can be implemented in order to extract
the maximum power from solar PV array. The power
electronic converters are being placed between solar PV
array and the load. The DC-DC converter has the duty cycle
which is being controlled in such a way that maximum power
should be available at the output even in varying environment
conditions. Since different topology converters are used for
the purpose of MPPT like Buck, Boost and CUK. Generally,
after the DC-DC converter an inverter is used, but with the
advancement in research there is now only one stage by
which AC supply can be obtained which is fed from PV panel
DC.

3 PSO WITH INERTIA ALGORITHM
PSO is an optimization technique which was found by
Eberhat and Kennedy in 1995. The PSO technique was
inspired by the behavior of birds. The PSO has two parts first
the learning and other the communication. The particles find
the best value and then compare in each iteration and the
best value or maximum value is called as global maxima [1].
In this algorithm, agents are used which would exchange
information with each other. The agent is referred to as
particle. Each particle learns it’s best and then compares it to
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each other to find the global maximum. The standard PSO
method can be defined using the following equation.
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The position of the particle is Xi(K), the velocity of the
particle is given by Vi(K) and the iteration number is denoted
by the value k. The inertia weight is represented by W(K),r1,r2
are variables that are distributed randomly [0,1]. The C1 and
C2 are represented the cognitive and the social coefficient.
ThePbest represent the personal best position and is found by
the particles so far and thegbest is used to get the global best
position.

Fig. 1 Block Diagram of MPPT
Application of PSO with inertia to MPPT
Step-1. In this step for MPPT the position is being defined by
the converter’s duty cycle. The main parameter is the duty
cycle and the evaluation function then become the solar PV
module power which is being generated at the partial shading
condition. Large numbers of agents are required in order to
get the exact point of convergence, but at the same time it
would require huge computational time. Therefore, tracking
speed and efficiency should be kept high while determining
the highest point in PV Characteristics.

Fig 2 Flowchart of Inertia Based PSO MPPT
Step-2. The particles should be placed randomly if there is no
specific information regarding MPP. The particles can also be
placed at fixed position if some prior information, regarding
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MPP available. The successive peaks usually occur at 80
percent of open circuit voltage.
Step-3. The pulse width modulation (PWM) is used which
would command the boost converter as it would receive
voltage and current from the solar PV array. The command
from the PWM would change as the value of voltage and
current vary with the atmospheric conditions.
Step-4. In this step the personal best of all the particles is
being calculated from all the iterations. The Global Maximum
Power Point (GMPP) is being traced and personal best as
well as the global best should be updated to get the GMPP.
Step-5. The velocity of the particles should be updated as the
personal best and the global best values are updated. So that
the peak power is being traced in a very short duration of
time. The speed will also depend on the inertia W value, the
cognitive and social coefficients C1 and C2. If the particles
are not updated then it would take long time to track the
GMPP. The conventional PSO in which W, C1, and C2 are
cognitive and social coefficients. In this proposed new
algorithm W, C1 and C2 are made variable. Therefore, the
equation given below.
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The inertia term is the first term which is used to keep the
particle moving in the same direction as it was originally
moving. It is capable of controlling the convergence of PSO.
To accelerate the process of achieving the MPPT the inertia
weight should be selected in such a way that the inertia
weight decreases so to obtain the refined solution. The
equation of inertia term is given below.
( )
(
)
(4)
Where wmax and wmin are the lower and upper bonds of
inertia.kmaxis the allowed maximum no. of iterations. The
parameters are being defined by the following equations.
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C1> C2 would allow Pbest and while C1 < C2 would allow
towards the gbest.
Step-6. Two convergence criteria are being used if the
velocity is become smaller than threshold or the iterations
become maximum. This technique will result in fast
convergence to the global maximum power point.
Step-7. The particle swarm optimization is being used to solve
the problem which is time invariant. The fitness function gets
often change with the environmental conditions as well as
when the load changes. In such a case the particle must be
reinitialized to track the global maximum power point. This
new algorithm will reinitialize when the given below function is
being satisfied.
(

)
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no local maxima and global maxima, it would be having only
one maxima. It is seen from the figure –3that all the modules
are having uniform solar irradiation and they are generating
uniform voltage as the solar insolation is same for all the
modules. So, the PV characteristics consist of only one peak.
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Fig. 3 Pattern of Unshaded Solar PV Array
B. Partial Shading Conditions
In partial shading condition the voltage generated by each
module is not same, as the different cells receive different
solar insolation so the voltage generated would be different.
The PV characteristics would consist of many peaks called as
local maxima and the global maxima. The highest point is
called as the global maximum power point. So, under partial
shading condition the PV characteristics become highly
nonlinear [20]. It consists of many peaks. The multiple peaks
are created as the solar insolation is different, because of this
reason it becomes a highly nonlinear problem.
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Fig. 4 Pattern of Partially Shaded Solar PV Array
It is seen from the figure - 4 the cells are producing different
amount of voltage as the irradiation is different on the different
cells. This makes the PV characteristics highly nonlinear
which consist of many peaks so the different algorithms are
used in order to track the global maxima from the local
maxima points. The conventional techniques like P&O, INC
are able to track the first maxima irrespective of the fact that
is local maxima or global maxima. That is why the
optimization technique PSO is used, which would compare
the local maxima and find the global maximum power point.

5 SIMULATION, RESULTS AND DISCUSSION
To study the effect of partial shading phenomena, a number
of PV modules are used. This is done by connecting a
number of these arrays in parallel (with blocking diodes) and /
or series (with bypass diodes).

(7)

4 MODELING OF PV ARRAY
A. Unshaded Condition
In the un-shaded PV array, all the modules get same solar
insolation and all the modules generate equal voltage as they
have same solar insolation The PV characteristics in unshaded condition consist of only one peak. So, there would be
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Fig. 8 MPPT using PSO without Inertia
Fig. 5 Simulink Model of Partially Shaded SPV System
It is cleared from the above model that all the arrays are
receiving different insolation; the partial shading may be due
to cloud passing, accumulation of dust particles, overlapping
of solar PV arrays. Due to this the PV characteristics consist
of many peaks called as local maxima and the highest peak is
called as global maximum power point (GMPP) as shown in
figure 6. The PV characteristics become highly nonlinear. I-V
characteristics under partial shaded conditions are shown in
figure 7. The optimization technique PSO (particle swarm
optimization) is used in order to track the GMPP. The PSO
with inertia is capable of tracking the global maximum power
point fast as compared to the other techniques.

The following two equations are used to track the GMPP in a
partially shaded solar PV System [9].
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The velocity term determines the speed or the convergence
time to reach the GMPP. The position determines first its
personal best and then compares to give the global best.
Hence the maximum power is being extracted from solar PV
array under varying atmospheric/environmental conditions.

Fig. 9 MPPT using PSO with Inertia
Fig. 6 PV Characteristics under Dynamic Environmental
Condition
It can be seen from the figure-8 that GMPP of 120 watt is
being tracked by using PSO, but it takes 0.4 seconds to reach
to that steady state. The maximum power can be extracted in
a less time when the inertia term is being considered.

It is cleared from the characteristics that the maximum power
is being tracked within 0.15 seconds the steady state power is
being achieved in a very less time as compare to the result
obtained with the PSO without inertia term which takes 0.4
second to track the MPP. The equations used in PSO with an
inertia term are given below.
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This inertia term is used in the velocity term in order to track
the GMPP. Calculation of which are given below respectively.
=
(
(12)
)
=
(
(13)
)
Kmax is the maximum number of iterations, the first term
represents cognitive term and the second term represent the
social term.
TABLE – I Parameters of PSO with Inertia

Fig. 7 I-V Characteristics under Partial Shading Condition

Number of particles
Minimum duty cycle
Maximum duty cycle
Sampling time
Maximum iteration
Switching frequency

5
0.1
0.9
0.2 s
30

wmax
W min
C1max
C1min
C2max
fs = 50 kHz

1.0
0.1
2
1
2

1857
IJSTR©2019
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 11, NOVEMBER 2019

ISSN 2277-861

Where (D) is called as duty cycle, which is used to maximize
the power, it searches the duty cycle in such a way so that
maximum power is being extracted from the input. In this case
the PSO algorithm is used which searches the duty cycle in
order to get MPP. The search operation starts from 0 and
then gets stand at 0.5. The duty cycle 0.5 is searched which
maximize the power and is used to boost the voltage.
(15)
(16)

Fig. 12 Output Voltage of Boost Converter
TABLE – II
The Comparison of tracking time is shown in the following
table.
Method (GMPPT)

Time to find the GMPPT

PSO without inertia

0.4 sec

PSO with inertia

0.15 sec

5 CONCLUSION

Fig. 10 Input Voltage to Boost Converter
The voltage at the input of boost converter is 37.29V. This is
the voltage generated from the solar PV array which is having
non-uniform solar insolation. The variation in voltage is due to
the partial shading. The voltage generated is different
because of accumulation of dust particles, shadow of tree, or
overlapping which is the main reason for generating the
different voltage. Now in order to increase the voltage the DCDC converters are used.

Under uniformly shaded conditions the modules are
producing uniform votlage, so the PV characteristics of
uniformly shaded consist of only one peak but in case of
dynamic environmental conditions the modules are not able to
produce stable voltage. The PV with charactertistics under
varying conditions consist of many peaks. The PSO without
inertia takes very long time to converge to the global
maximum power point. However, PSO with inertia is capable
of tracking the global maximum in a very short interval of time
and track exactly the GMPP efficiently than the conventional
PSO.
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