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ABSTRACT

Solar photovoltaic system performance depends on environmental
conditions. Solar photovoltaic panel is a power source having
nonlinear internal resistance. As the intensity of light falling on
the panel varies, its voltage as well as its internal resistance both
varies. To extract maximum power from the panel, the load
resistance should be equal to the internal resistance of the panel.
This paper analyses the improved modelling of solar PV module
and proposes a genetic algorithm (GA) based maximum power
point tracking. The GA optimized values are used to train the
artificial neural network (ANN). The MPPT is simulated and
studied using MATLAB software.
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Nomenclature
Ipy, Vpy - Solar cell current and voltage
Ip, Vp - Diode current and voltage
Lon - Light generated current
G - Irradiance
T - Temperature
n - Diode ideality factor
k - Boltzman’s constant
q - Electron charge
I - Reverse saturation current
Ry, Ree - Shunt and series resistance
\2 - Thermal voltage(= nkT/q)
Second suffix represents all parameters at
ref - reference condition (G=1000W/m> and
T=25°C)
Vo L&P. - Maximum power point voltage, current &
Power
Number of cells in series & parallel
Ng & Np -

1. INTRODUCTION

The solar photovoltaic (SPV) system technologies have increasing
roles in electric power technologies, providing more secure power
sources and pollution-free electric supplies. A great deal of
research has been conducted in this field over the last few
decades. SPV panel is a power source having non linear internal
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resistance. The panel output power varies with temperature and
insolation. It is desired to operate SPV panel at its maximum
power point for economic reasons. To extract maximum power
from the panel, its internal resistance should be equal to the load
resistance. Chopper circuit is interposed between SPV and the
load resistance to adjust the load resistance seen by SPV equal to
its internal resistance by varying the duty cycle of the chopper.
Many number of algorithms available for the MPPT including
perturb and observe, incremental conductance, parasitic
capacitance, constant voltage and fuzzy logic algorithms [1]-
[4].These methods have disadvantages like costly, difficult to
implement and non-stable. For this purpose ANN comes with a
solution. ANN is suitable to handle non-linearity, uncertainties
and parameter variations in a controlled environment. Hence
many number of ANN algorithms have been developed for this
purpose [5]-[9].

The purpose of this paper is to develop ANN based MPP tracking
scheme for SPV system with varying environmental conditions. In
section 3 improved modelling of SPV is described. In the
subsequent sections the proposed MPPT scheme is explained. The
complete system is simulated using MATLAB-SIMULINK and
the results are presented.

2. SOLAR PV ARRAY MODELLING

The standard five parameter model of SPV module is shown in
Figure 1. Improved model equations (1) to (8) are used to model
SPV cell in I quadrant [10]-[13].
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Figure 1 . Electrical equivalent circuit model of a SPV module
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Practical SPV cell is represented by (1). Here the five parameters
are I, I, Vi, R, and Ry, It can be shown that the array
parameters for series array consist of Ng cells in series:

Iph,array:Ipha Ir,array:Ir9Vt,array:NSVta Rsc,array:NSRsc and
Ry array=NsRgh. For parallel array consists of Np cells in parallel:
Iph,array:I\IPIpha Ir:NPIra Vt,array:Vu Rsc,array:Rsc/N P and

Rph,array:Rph/N S-
The simulation results are shown in Figure 2. The comparison of

the model parameters with manufacturer’s datasheet (SOLKAR
module) is given in Table 1.

To validate the model, at five important points the values have
been checked [14]. From Figure 3 and Figure 4, it is clear that the
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proposed model equations very well reproduce the practical
characteristics.
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Figure 2. SOLKAR SPV module adjusted characteristics

Table 1. Comparison of Parameters of the Adjusted Model and
SOLKAR Datasheet Values at Reference Conditions

S.
Parameters Model Datasheet
No.
1 Maximum Power  (P,,) 37.08 W | 37.08 W
2 | Voltage at Maximum power( V) | 16.56 V 16.56 V
3 | Current at Maximum power ( I,,) 225A 225A
4 | Open circuit voltage ( V) 21.24V 21.24V
5 | Short circuit current ( I ) 2.55 A 2.55 A
6 | No. of Series Cells (Ny) 36 36
7 Series resistance, Ry, 047 Q
8 Shunt resistance, R, 145.62 Q
9 | Ideality Factor, n 1.5
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Figure 3. Model Characteristics of SOLKAR solar module at
different insolations (T=25°C)
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Figure 4. Model Characteristics of SOLKAR solar module at
different Temperatures (G=1000 W/m?)

3. FEED
NETWORKS

Artificial neural networks are best suited for the approximation of
non-linear systems.Non-linear systems can be exactly emulated by
multilevel neural networks.They give best results than other
algorithms.Neural networks contain three layers namely input
layer,hidden layer,output layer.Feed-forward is the simple type of
neural networks.In this type the information moves in only
forward direction,input nodes to hidden nodes and to output
nodes.There are no cycles or loops in this network. The block
diagram of the ANN for producing maximum voltage and power
for given G and T is shown in Figure 5.The neural network used
here has two input layers,hidden layers and two output layers and
back propagation trainig method is used.

FORWARD NEURAL

Mazimum Power
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Figure 5. Block diagram of ANN Block

4. THE PROPOSED MPPT SCHEME

The block diagram of the proposed MPPT scheme is shown in the
Figure 6. In this scheme ANN is used to find out the maximum
voltage. The ANN is trained by a set of input and output data
which are optimized using genetic algorithm (GA) . GA is based
on natural genetics [15]. They draw their search power from the
natural ‘law’ of survival of the fittest. The GA repeatedly modifies
a population of individual solutions. At each step, the GA selects
individuals randomly from the current population to be parents
and uses them to produce the children for the next generation.
Over successive generations, the population evolves toward an
optimal solution. The GA uses three main types of rules at each
step to create the next generation from the current population:

= Selection rules that select the individuals, called parents
and contribute to the population at the next generation.

= Crossover rules that combine two parents to form
children for the next generation.
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= Mutation rules that apply random changes to individual
parents to form children.

The steps involved in creating and implementing a GA are as
follows:

=  Qenerate an initial, random population of individuals
for a fixed size.

=  Evaluate their fitness to minimize integral square error.

=  Select the fittest members of the population.

=  Reproduce using a probabilistic method (e.g., roulette
wheel).

=  Implement crossover operation on the reproduced
chromosomes.

=  Execute mutation operation with low probability.

= Repeat Step 2 until a predefined convergence criterion
is met.

The structure of the proposed neural network is shown in Figure
7.The training results of ANN is shown in Figure 8. The voltage is
compared with the SPV Array voltage and the error is given to the
PI controller. PI controller is used with ANN block to reduce the
steady state error. This PI controller is tuned using Ziegler-
Nichols tuning method. The output of the PI controller is
compared with high frequency triangular wave.And this pulse is
given to the boost converter circuit to change the output of the
system. The simulink model of the proposed MPPT scheme is
shown in Figure 9.
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Figure 6. Proposed MPPT Scheme
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Figure 7. Feed Forward Neural Network for MPPT
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Figure 9. Simulink Block Diagram

The simulated output waveforms for two different insolation

levels and temperatures are shown in Figure 10 and Figure 11.
The result is obtained by training the ANN with 250 data points.
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Table 2 shows the comparison between trained and expected

values.
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Figure 10. Simulation output for G=1000 W/m’, T=25"C
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Figure 11. Simulation output for G=200 W/m’, T=31.9°C
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TABLE 2. Comparison between Trained and Simulated
Values of Output Power

Insol P ooy
i | T | B
G ature Trained Expected £¢
(W/md) T(°C) Value (A) | Value (B) | (A-BI/B)*100
1000 25 37.06 37.08 0.05
800 38.0 24.50 24.48 0.08
600 359 13.87 13.80 0.51
400 339 5.01 4.95 1.21
200 31.9 1.98 1.91 3.66
100 31.04 1.87 1.79 4.46

5. CONCLUSION

In this paper improved modelling of SPV array has been
presented. To extract the maximum power from the SPV source
GA is used. The optimized values of power and the corresponding
voltage values for different insolation and temperature have been
used for training the ANN. The GA based offline trained ANN is
then used as the means for providing reference voltage
corresponding to maximum power for any environmental changes.
For different conditions the proposed algorithm has been verified
and it is found that the error percentage lies between 0.05% to
4.46%.This error can be reduced by increasing the number of the
training data for ANN. Moreover PI controller also can be
optimized to improve the results.
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