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Selection of an Optimum Configuration of Solar PV
Array under Partial Shaded Condition Using Particle
Swarm Optimization
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Abstract—This paper presents an extraction of maximum energy
from Solar Photovoltaic Array (SPVA) under partial shaded
conditions by optimum selection of array size using Particle Swarm
Optimization (PSO) technique. In this paper a detailed study on the
output reduction of different SPVA configurations under partial
shaded conditions have been carried out. A generalized MATLAB
M-code based software model has been used for any required array
size, configuration, shading patterns and number of bypass diodes.
Comparative study has been carried out on different configurations
by testing several shading scenarios. While the number of shading
patterns and the rate of change are very low for stationary SPVA but
these may be quite large for SPVA mounted on a mobile platforms.
This paper presents the suitability of PSO technique to select
optimum configuration for mobile arrays by calculating the global
peak (GP) of different configurations and to transfer maximum power
to the load.

Keywords—Global peak, Mobile PV arrays, Partial shading,
optimization, PSO.

NOMENCLATURE

Ipy - Solar module output current (A)

Vpy - Solar module output voltage (V)

Lon - Photo current of the SPV module (A)

I _ Diode reverse saturation current in the equivalent
r circuit (LA)

Series resistance in the equivalent circuit of the

module(m€2)

Parallel resistance in the equivalent circuit of the

sh module(Q)

- Diode ideality factor

- Electron charge ( =1.602x107 C)

- Boltzman’s constant (= 1.381x107 J/K)

- Temperature (Kelvin)

- Thermal voltage (= nkT/q)

Trradiance level (at reference condition G=1000 W/m?)

- Short circuit current temperature co-efficient

- Open circuit voltage temperature co-efficient

- Short circuit current of the module

- open circuit voltage of the module respectively

- Maximum power point voltage

- Maximum power point current
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I. INTRODUCTION

OLAR Photovoltaic array is formed by connecting number

of solar photovoltaic (SPV) modules in different
configurations to get a desired voltage and current levels. The
major problem in a larger SPVA/ building integrated PV
(BIPV) arrays/ mobile SPV arrays is the reception of non-
uniform insolation/ partial shade. In these cases, the
occurrence of partial shading is frequent due to tree leaves
falling over it, birds or bird litters on the array, shade of a
neighboring construction etc. As each SPV module consists of
number of series connected cells, all the cells are forced to
carry the same current, even though a few cells under shade
produce less photon current. The shaded cells may get reverse
biased, acting as loads, draining power from fully illuminated
cells. If the system is not properly protected, hot-spot problem
[1] can arise and in several cases, the system can be
permanently damaged. In conventional SPV systems, this
problem reduces the overall power generation to a larger level.
Hence the SPVA installation cost is increased, because the
number of SPV modules must be increased, and as a result,
SPV power generation will be less attractive. This makes the
study of partial shading of SPV modules a key issue. The
Voltage-Power characteristics of SPV module vary with solar
insolation and temperature. Researchers have analog and
mathematical models of SPV cells for varying environmental
conditions [2], [3]. The difference between all models is the
number of necessary parameters used in the computational.
There are several equations presented in literature to simulate
the behavior of SPV cells. Typical SPV module consists of 36
solar cells connected in series. SPV modules are tied together
in different fashion to form an array with required voltage and
current levels. The output power of a SPVA decreases
considerably, when voltage-current curves of solar cells are
not identical due to soiling, temperature variations, cell
damaging and partial shading etc. [4]-[6]. In recent years, the
impact of partial shadowing on the energy yield of SPV
systems has been widely discussed [6]-[9]. Before trying to
eliminate or reduce mismatch effects, a detailed understanding
of their performance is required. Hence it is convenient to
carry out the simulation study with the help of a computer
model which properly allows the inclusion of mismatch
effects with high accuracy. In most of the studies [10]-[14],
the effect of partial shading in reducing the output power of
the SPVA has been discussed. But little attention has been
paid to the power dissipated by the shaded cells affecting the

97



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:8, No:1, 2014

array life and utilization of the array for the worst shaded case.
The harmful effects in basic configurations and their
comparison have been discussed by [14]. Common use of by-
pass diodes in antiparallel with the series-connected PV
modules can partially improve the power reduction due to
partial shadow. In such cases a more complicated Maximum
Power Point Tracking (MPPT) algorithms capable to disregard
local power maxima is required. Alternatively, the maximum
available DC power can be improved if the connection of the
SPV modules can be reconfigured such that panels with
similar operating conditions are connected in the same series
string. Furthermore the parallel configuration should be
dominant under partial shaded conditions [14], [15]. However,
high output current at low voltage in parallel configuration
will have to be properly conditioned to the required level by
using suitable DC-DC converter. For the configuration types,
the generalized MATLAB programs have been developed
which are capable of simulating any number of modules
connected in series or parallel and any type of shading
patterns. The comparison study is made among the
configurations with bypass diodes. For particular insolation
and temperature different configurations will be dominant. It
is customary to select a proper size of SPV array [16], [17].
Otherwise, a large change in SPV power because of insolation
variation caused by shading may lead to instability. Tracking
the maximum power point is required in order to extract the
largest amount of power from a SPVA, regardless of weather
or load conditions. Various MPPT methods have been
proposed and used to extract maximum power from SPVA
under varying atmospheric conditions and partial shaded
conditions [18]-[26].

This paper presents the reconfiguration of SPVA and
implementation of MPP tracking of a partially shaded SPVA
using PSO. The PSO [27]-[30] algorithm is one of the modern
evolutionary algorithms. This algorithm was first proposed by
[27]. PSO is a population-based search algorithm
characterized as conceptually simple, easy to implement and
computationally efficient. The authors aim to realize a power
tracking scheme that can find the GP to maximize the
generated power from the SPV source. It should be applicable
to large scale SPV system, resulting from different
combination of solar modules. The proposed PSO scheme is
also used to select the optimum configuration under partial
shaded conditions. Both functions that are reconfigurations as
well GP tracking can be possible using PSO by considering its
capability to handle parallel processing.

II. CHARACTERISTICS OF SPVA UNDER PARTIAL SHADED
CONDITIONS

The commonly used electrical equivalent circuit for SPV
module is shown in Fig. 1 [17], [31]. The relationship between
solar cell’s current and voltage has both the implicit and
nonlinear mathematical equations. Therefore, determination of
the equivalent circuit parameters requires more computational
effort for each operating condition when electrical
performance is analyzed [32]-[35]. In most studies, only the
photo-current and the diode saturation current are changed

with irradiation and temperature, respectively, and the other
parameters are determined by taking a reference operating
condition [1], [8], [31], [34]. However, all of the circuit
parameters depend on both irradiation and cell temperature
and the relationship between them is nonlinear and cannot be
easily expressed by an analytical equation [3], [35]-[39]. In
addition, some differences can be seen in the equations that
describe the relationship between the parameters and
operational conditions [3], [37]. Consequently, every
assumption forces the model to fall into error. For this reason
an assumption should be done carefully, especially in
simulation studies of SPV arrays under mismatch conditions
and low irradiated PV modules [40]. Sharma et al. [39]
showed that consideration of identical series and parallel
resistances for illuminated and dark region of a PV module is
not a valid assumption and enhancement of the resistances
must be considered in the analysis of partially shaded PV
array. Dyk and Meyer [5] also showed that the effects of
parallel and series resistances on the PV module performance
are significant. In this study, the dependence of all circuit
parameters on module temperature and irradiance is included
by improved model equations [17], [25], [41]. The effect of
varying shunt resistance has been included by fitting a curve
obtained from experimental results [26]. The model equations
presented in [17] by authors are used for modeling the SPV
system. As the importance of bypass diodes is well known, a
bypass diode has been included as a part of every module in
the M-file code. This section considers that each module is
connected with a bypass diode. To include the effect of bypass
diode, negative voltages caused by shading is taken as diode
forward drop (~0.7V) in m-file coding. The equations are for
single SPV module.
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Fig. 1 Equivalent circuit model of a SPVA with bypass diode

After improving the accuracy of equivalent circuit of SPV
module model for all operating conditions, the performance of
different interconnected SPV arrays are investigated by
including bypass diode under different mismatch conditions.
The model is developed using MATLAB M-file. The detailed
explanation of the effect of bypass diodes in the characteristics
is given in [14], [42]. Fig. 2 shows the electrical characteristics
of SPVA with bypass diodes under different partial shaded
conditions [43].Number of peaks in the V-P characteristics is
less than or equal to the number of zones receiving different
insolation.
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Fig. 2 Characteristics of four series connected SPV modules under
partial shaded conditions

From Fig. 2, it is observed that the V-P characteristics have
multiple peaks due to partial shading. Among the multiple
peaks one is global peak (GP) and others are local peak power
points. In this situation the conventional MPPT algorithm
could fail to determine the actual GP or even traps into one of
the local peaks. Therefore, considerable amount of possible
SPV power is not utilized.

III. OVERVIEW OF PARTICLE SWARM OPTIMIZATION

Recently, a number of heuristic optimization techniques
such as genetic algorithms (GA), ant colony algorithm (ACO),
PSO and recently biogeography-based optimization (BBO),
are developed to solve a variety of complex engineering
problems that are difficult to be solved using conventional
optimization methods. PSO is developed by Kennedy and
Eberhart [27]. It was found to be reliable in solving non-linear
problems with multiple optima. In PSO, a number of particles
form a ‘‘swarm” that evolve or fly throughout the feasible
hyperspace to search for fruitful regions in which optimal
solution may exist. Each particle has two vectors associated
with it, the position (X;) and velocity (V;) vectors. In N-
dimensional search space, X; = [X;1, Xp, . . ..Xin] and V; = [vy,
Vi, - - ., Vin] are the two vectors associated with each particle i.
During their search, members of the swarm interact with each
others in a certain way to optimize their search experience.
There are different variants of particle swarm paradigms but
the most commonly used one is the gbest model where the
whole population is considered as a single neighborhood
throughout the flying experience [27], [28]. In each iteration,
particle with the best solution shares its position coordinates
(gbest) information with the rest of the swarm. Each particle
updates its coordinates based on its own best search
experience (pbest) and gbest according to the following
equations:

v = wvF 4 ¢jrand, (pbest%‘ —xk )+ c,rand, (gbest%‘ —x¥ )(1)

xiH=xf+ vk )

i i

where ¢, and ¢, are two positive acceleration constants, they
keep balance between the particle’s individual and social

behavior when they are set equal; rand; and rand, are two
randomly generated numbers with a range of [0, 1] added in
the model to introduce stochastic nature in particle’s
movement; and w is the inertia weight and it keeps a balance
between exploration and exploitation. In our case, it is a
linearly decreasing function of the iteration index:

w W )
W(K) =W oy — (%J x iter 3)
max

where iter,,, is the maximum number of iteration, iter is the
current iteration number, wy,, is the initial weight and wy, is
the final weight. In conclusion, an initial value of w around 1,
with a gradual decline toward 0 is considered as a proper
choice. The most important factor that governs the PSO
performance in its search for optimal solution is to maintain a
balance between exploration and exploitation. Recently, PSO
developments and applications have been widely explored in
engineering and science mainly due to its distinct favorable
characteristics [30].Just like in the case of other evolutionary
algorithms, PSO has many key features that attracted many
researchers to employ it in different applications in which
conventional optimization algorithms might fail [43].

IV. APPLICATION OF PSO TO GP TRACKING OF SPVA

Nonlinear optimization problem can be stated in
mathematical terms as follows:

Find X = (X ,Xs,...,X;, ) such that F(X) is minimum or
maximum

Subject to gij (X) > O,_] = 1, 2... mand X <X < Xu,"i = 1,
2.1,
where F is the objective function to be minimized or
maximized, x;; are variables, gj is constraint function, x; and
X,; are the lower and upper bounds on the variables.

In this work the objective function considered is

F(X) =Maximization of SPVA power, Ppy

The variable x,= SPVA current, Ipy

The constraint is Ipypac IPV>Tpymin.

Here, Ipymax=ls, short circuit current of SPVA and
IPVmin=0.

In this work, the PSO is used to find SPVA current which
ensure that the function F(X) has a maximum value. The
procedure to get the optimum power of SPVA under partial
shaded condition is given below:

1. Read number of modules connected, insolation pattern
and temperature for each module

2. [Initialize PSO parameters such as Wy, Win, €1, C; and
Iterax

3. Generate initial population of N particles (design
variables) with random positions and velocities;

4. Compute objective value, current and power

Measure the fitness of each particle

6. Update personal best: Compare the fitness value of each
particle with its pbests. If the current value is better than
pbest, then set pbest value to the current value;

b
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7. Update global best: Compare the fitness value of each
particle with gbest. If the current value is better than
gbest, set gbest to the current particle’s value;

8. Update velocities: Calculate velocities VX' using (1)

. Update positions: Calculate positions X+ using (2)

10. Return to step 4 till the current iteration reaches the
maximum iteration number;

11. Output the optimal value of SPVA current and
corresponding SPVA power in the last iteration.

The code for PSO has been written in MATLAB and the
simulation results are presented for five set of different
shading patterns for SPVA (Fig. 3). The performance of the
PSO is validated graphically by comparing its output (marked
in green color) with that of the binary search method (marked
in red color). In all the cases, PSO gives the optimum power
(global peak) which is matched with the result of binary
search.

Power (pu)

I} 0.2 0.4 0.6 0.8 1
Current (pu)

Fig. 3 Validation of PSO for GP tracking of partial shaded SPVA

V. SIMULATION OF DIFFERENT SPVA CONFIGURATIONS AND
THEIR PERFORMANCE COMPARISON

Practically partial shade has great impact on larger arrays.
For understanding the practical cases, it is required to go for
larger arrays with different configurations. Several SPVA
configurations have been proposed in the literature as shown
in Fig. 4. [1], [8], [15]-[17]. They are series, parallel, series-
parallel (SP) total cross tied (TCT) and bridge linked (BL)
configurations. Series and parallel configurations are the basic
configurations and the performance of these configurations
has been discussed in detail by [14]. The major drawbacks of
using the series or parallel configuration are that the current
and voltage is less respectively. The other derived
configurations are shown from Figs. 4 ¢ to f [17]. The
importance of selecting the proper size of the PV array and
batteries in partially shade SPV systems has been discussed by
[44]. 1t is required for the stable operation of SPV system with
a sudden and large change in SPV power because of insolation
variation, caused by shading etc. Shading caused due to
passing clouds also has a financial claim on the utility. Jewell
and Unruh [45] have carried out an economic analysis to
estimate the cost of the fluctuations in power generation from
a PV source. Based on the literature it is understood that not
only the size of the SPVA but also its configuration that
significantly affects its power output, and therefore, the
performance of the system under partially shaded conditions.

E %wmmww

a. Series Array

b. Parallel Array

¢ SP Arnay d.TCT Array
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] ]
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Fig. 4 Schematic diagram of SPVA configurations

From the above discussion, it may be concluded that, while
it is very important to model, study, and understand the effects
of shading on SPV arrays, a simple tool is not available for the
purpose. Therefore, it is felt that there is a need for a flexible,
interactive, and comprehensive simulation model capable to
predict the PV characteristics (including multiple peaks) and
output power under partially shaded conditions. The improved
model [17] developed by authors have been taken for the
analysis. Modeling of a large array with shading patterns is
very complex. In this work, a generalized code has been
developed for all the configurations with and without
considering the effect of changing Ry,. This program gives the
output power, voltage and current values for any irradiance
and temperature patterns. The architecture of the developed
software [17] is shown in Fig. 5.

‘ Base Program ‘

Input parameters and initial calculations

Analysis of
Parallel
array

e

Fig. 5 Architecture of the developed software

Analysis of
BL and MB
array

Analysis of
Series array

Analysis of
TCT array

Analysis of
SP array
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VI. RMSDOF DIFFERENT SPVA CONFIGURATIONS UNDER
DIFFERENT SHADING SCENARIOS

In this section a comparison is made amongst the SPVA
configurations of different array sizes in terms of Root mean
square deviation (RMSD) and mean value of both voltage and
power. The RMSD has been calculated using (1):

n 2

z (Pmax( unshaded ) — pmax( shaded ))

RMSD = |42 - 4)

Here the case where one bypass diode across group of 36
cells (one module) has been considered. The array sizes are:
2x6, 6x2, 2x4, 4x2, 3x4, 4x3, 4X6, 6x4, 3x3and 4x4. Fifteen
different random shading profiles are generated for each of the
ten different array sizes. The power, voltage and current value
of each configuration is obtained for each of these shading
patterns. The mean value of power and voltage is calculated
for each configuration for each size. The mean value denotes
the mean power and voltage which can be obtained from any
configuration. Similarly RMSD is calculated for each
configuration by primarily subtracting the uniform irradiance
value from the partial shaded value. These values are squared
and then the square root of its average is obtained. This gives
the RMSD value for a configuration of a particular size. Table
I gives the mean value and RMSD value for all the
configurations with different sizes. From Table I it can be
inferred that depending on the size of array and type of
shading scenario different configurations are dominant. But in
most of the cases TCT seems to be dominant closely followed
by MB. It is also note that wherever the modules with same
shade are grouped in a string, MB is dominant in which ties
are less compared to TCT.

25 different random shading profiles are generated for each
array size. The power, voltage and current value of each
configuration is obtained for each of these shading patterns.
The mean value of power and voltage is calculated for each
configuration for each size. The mean value denotes the mean
power and voltage which can be obtained from any
configuration. Similarly RMSD is calculated for each
configuration by primarily subtracting the uniform insolation
value from the partial shaded value. These values are squared
and then the square root of its average is obtained. This gives
the RMSD value for a configuration of a particular size. Table
I gives the mean value and RMSD value for all the
configurations with different sizes. For different array sizes
the comparison of mean and RMSD values of all the
configurations are given from Table I.

From Table I it can be inferred that depending on the size of
array different configurations are dominant. But in most of the
cases TCT seems to be dominant closely followed by MB.

TABLEI
COMPARISON OF RMSD AND MEAN VALUE FOR DIFFERENT
CONFIGURATIONS WITH DIFFERENT SIZES

Array Maximum Power (W) Voltage at MPP (V)
Size Configuration Mean RMSD Mean RMSD
Value Value Value Value
2X4 SP 92.76 172.40 20.29 10.75
2X4 TCT 94.67 170.96 22.92 9.01
2X4 BL 105.58 161.79 24.23 7.94
2X4 MB 121.98 146.44 27.28 4.80
4X2 SP 103.96 162.45 44.35 17.79
4X2 TCT 117.7 149.56 41.59 20.96
4X2 BL 104.00 162.41 44.33 19.40
4X2 MB 114.02 153.46 42.44 19.39
2X6 SP 145.51 252.85 20.38 10.69
2X6 TCT 149.78 249 22.25 9.57
2X6 BL 175.42 223.74 27.39 4.89
2X6 MB 187.23 213.27 27.39 4.87
6X2 SP 143.13 254.32 56.59 31.86
6X2 TCT 160.09 23743 57.01 325
6X2 BL 143.11 254.35 56.58 31.86
6X2 MB 165.34 233.52 65.97 25.05
3X4 SP 128.14 269.75 27.69 30.11
3X4 TCT 142.58 255.72 29.88 28.47
3X4 BL 146.70 251.35 3343 24.78
3X4 MB 144.93 253.70 35.57 22.87
4X3 SP 125.79 272.99 34.25 11.51
4X3 TCT 132.37 263.53 34.11 23.36
4X3 BL 132.89 263.01 36.41 21.06
4X3 MB 137.95 257.95 40.40 17.07
3X3 SP 85.72 212.85 27.89 16.05
3X3 TCT 92.79 206.06 26.70 17.76
3X3 BL 84.5 214.41 29.21 15.33
3X3 MB 83.22 215.21 28.83 15.46
4X4 SP 145.31 384.64 33.30 26.61
4X4 TCT 164.62 366.41 34.05 25.71
4X4 BL 145.03 384.56 36.51 24.46
4X4 MB 144.14 385.53 40.93 19.65
4X6 SP 186.66 606.83 22.25 35.43
4X6 TCT 211.54 583.56 26.51 30.46
4X6 BL 186.06 606.71 28.69 29.52
4X6 MB 227.06 572.72 39.42 234
6X4 SP 197.86 596.88 46.31 42.47
6X4 TCT 234.57 561.86 45.18 42.41
6X4 BL 184.48 607.33 48.79 40.98
6X4 MB 219.1 579.74 54.58 37.99

VII. PRACTICAL VERIFICATION

To verify the outputs obtained from software simulation,
practical verification are performed. 3X3 SPVA (SOLKAR
solar module) setup is used. The specifications are given in
appendix. The terminals from this setup are drawn to the panel
board. This is shown in Fig. 6 along with the electronic load to
trace the characteristics. The electronic load [14] is used to
verify the characteristics. A sample snap shot of the CRO
screen shows V-1 characteristics of the different SPVA
configurations for a particular shading pattern (Fig. 10).
GWINSTEK GDS-1022 Digital Storage Oscilloscope (DSO)
is used to trace the practical characteristics. It is calibrated

101



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:8, No:1, 2014

using Fluke5500A Multi-Product Calibrator. For different
insolation and temperature the practical characteristics are
easily traced out using electronic load method and the relevant
data traced by DSO are stored in Excel spreadsheet to
calculate V-P characteristics and for comparison of model
parameters.

Fig. 6 Practical setup of a 3X3 array with Panel board and Electronic
load

Outputs were verified for uniform as well as partial shaded
conditions. Artificial shadings were created. Multiple peaks
were observed on introduction of bypass diodes. Also value of
power obtained increased considerably by inclusion of bypass
diodes. The practical verification was done for several input
shading patterns. The outputs obtained were closer to the
outputs obtained from simulation which took into
consideration the effect of varying R,.

VIII. OPTIMUM SELECTION OF SPVA UNDER PARTIAL
SHADED CONDITIONS USING PSO

This section deals with a dynamical electrical array
reconfiguration of SPVA under partial shaded conditions to
improve its energy production. The reconfiguration strategy is
carried out by inserting a controllable switch between the SPV
modules in an array which allows electrical reconnection of
SPV modules [46] depending on the input insolation and
temperature conditions. As a result, the SPV system exhibits a
self-capacity for real time adaptation to the SPV generator
external operating conditions in order to improve the energy
extraction of the system. SP configuration is the most
commonly existing/used SPVA configuration due to its
simplicity and low cost per kWpek. As discussed in the
previous section, series connection of SPV modules in SP
configuration can adversely affect the maximum available
power when they are operating at different conditions/partially
shaded. Fig. 7 shows a set-up for improving the extraction of
energy from SPVA under partial shaded conditions using PSO
based array reconfigurable system.

The control signals for the switches to make proper array
reconfiguration is based on the output from PSO algorithm.
The insolation and temperature data has been fed to the PC
using corresponding sensors and data acquisition system.
(Dynalab weather tech data logger with sensors) PSO
algorithm is used to find out the maximum power in each
configuration as well as global best from the output of
different array configurations. All the computations have been
done using MATLAB software. The corresponding signals
have been given to the switch to reconfigure the array. For
practical case, LTC201A (quad switch) switcher IC [47] can
be used.

+

SPVElL SW1 SPY-21 SWi6 SPV-31 sSWi1 SPV.41

T — T 1 |

| | | |
SPV-12 W2 SPY-22 w7 SPV.32 SWI2 SPV-42

T 1 1 1|

| I | 1
SPV-13 sWa SPV-23 ] SPV.33 SWI3 SPV.43

T T T T

| I | |
SPV-14 W SPY-24 s SPV34 W4 SPV-44

T T T T

| | | ]
SPV-15 WS SPY-25 SWI10 SPV.35 SWIS SPV-45

I 1 1 1

| ] | 1
SPV-16 SPY-26 SPV-36 SPV-46

Fig. 7 Schematic of Electrical Reconfiguration of SPVA

Fig. 8 plots the convergence of total power computed by
PSO over the number of iterations for different shading
patterns [48]. Initially, the particles are randomly initialized.
Therefore, the initial power is always high. This initial power
corresponds to the 0" iteration. As the algorithm progresses,
the convergence is drastic and it finds a global maxima very
quickly. The number of iterations needed for the convergence
is seen to be 5-10, for this application environment.

A0 Shading Pattern 2 1

Global best values
(Maximawm Power in watts)

-60 ¢ Shading Pattern-3
30+ Shading Pattern-4
[ Shading Pattern-5
-100 . : +
0 s 10 15 20

Number of Generations

Fig. 8 The trend of convergence of PSO with the number of iterations
for different shading patterns

After finding the global peak produced by optimum
configuration, corresponding pulses will be given to the
analog switch. Fig. 9 shows the pulse pattern produced for
different configuration based on the result computed by PSO.
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Fig. 9 Pulse pattern given to switches for reconfiguration

After reconfiguring the PSO give the gbest value of the
selected configuration which will be the reference GP power
value. This reference value is compared with the actual power
of SPVA and error signal is processed with PI controller. The
output of the controller is then compared with high frequency
triangular carrier to produce PWM pulses to chopper to
transfer maximum power to the load. The block diagram of the
proposed system is shown in Fig. 10

Insolation

. ]
o SPVA | W | oo
? Chopper H
A A 'y
T . oy
Control signals 1 1 1
o switches for | | 1 -
recenfiguratian | | 1 LI PWM pulse
1 1
' 1
Data logger PC with MATLAB
aystom PSO algorithm

HF carder
wave

Fig. 10 Block diagram of proposed PSO based system

IX. CONCLUSION

In this paper, PSO technique is used to track the global
maximum power point of SPVA that are exposed to unequal
solar irradiation which occurs in the real solar power systems.
The algorithm is tested for different set of input insolation and
temperature patterns. The obtained results prove that the
proposed system is able to track efficiently the GP with high
accuracy and reliability. Moreover, analysis of various SPVA
configurations with respect to environmental parameters by

developing a more realistic model using MATLAB M-file has
been presented. From the comparison of different
configurations under different random shading patterns, it is
found that different configurations are dominant under
different shading patterns. To get more energy output from
SPVA reconfiguration of SPVA has been implemented using
PSO. This reconfiguration method offers a greater output
power than the PV systems with static configuration.

APPENDIX

The Parameters of the SOLKAR solar Module used for
practical verification at STC (1000 W/m? and T=25°C) is
given below:

Rated Power( P ) 37.08W
Voltage at Maximum power( Vy, ) 16.56 V
Current at Maximum power ( I, ) : 225A
Open circuit voltage ( Vi) 2124V
Short circuit current ( I ) : 2.55A
No. of Series Cells (N;) : 36
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