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The determination of solar cell parameters is very important for the evaluation of the cell performance as
well as to extract maximum possible output power from the cell. In this paper, we propose a computational
based binary-coded genetic algorithm (GA) to extract the parameters (I0, Iph and n) for a single diode model
of solar cell from its current-voltage (I-V) characteristic. The algorithm was implemented using LabVIEW as a
programming tool and validated by applying it to the I-V curve synthesized from the literature using reported
values. The values of parameters obtained by GA are in good agreement with those of the reported values for
silicon and plastic solar cells. change to “After the validation of the program, it was used to extract parame-
ters for an experimental I-V characteristic of 4 X 4 cm?2 polycrystalline silicon solar cell measured under
900 W/m. The I-V characteristic obtained using GA shows excellent match with the experimental one.
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1. INTRODUCTION

The world is running after alternative energy sources
to cater today’s high energy demand, where the solar
photovoltaics (SPV) energy conversion plays an im-
portant role. To operate SPV plant at its maximum pos-
sible capacity, it is essential to know about the exact pa-
rameters of a solar cell/module. However, the overall per-
formance and conversion efficiency of solar cell is directly
affected by various physical parameters such as photo-
current (Ipn), series resistance (Rs), shunt resistance (Rsn),
saturation current (lo) and diode ideality factor (n).
Therefore, an accurate estimation of such parameters is
always required not only to carry out the evaluation of
cell performance but also to improve the design, fabricate
process and quality control of the cell [1].

Various methods such as, polynomial curve fitting
[2], Lambert W function [3], particle swarm optimiza-
tion [4], and pattern search optimization [5] are report-
ed in the literature for the extraction of cell parame-
ters. In this paper, a computational based binary-coded
GA is employed for the extraction of cell parameters
from an experimentally measured I-V characteristic.
The program for GA to obtain cell parameters is devel-
oped using LabVIEW (laboratory virtual instrument
engineering workbench, version-10) as a programming
tool. The parameters of silicon and plastic solar cells
obtained using proposed GA are found to be in good
agreement with that of reported in the literatures [3,
8]. I-V characteristic of a commercial polycrystalline
silicon solar cell obtained using GA is also in good
agreement with its experimental I-V characteristic.

2. THEORY

The I-V relation of solar cell for a single diode model
is given by

PACS numbers: 88.40 H, 87.55 kd

Where, I is the output current, Iy is the photocurrent, Io
is the saturation current, Rs is the series resistance, Rsn
is the shunt resistance, n is the ideality factor, kg is the
Boltzmann constant and 7' is the temperature. Direct
parameters extraction from eq. (1) is limited by the non-
linear I-V relation and transcendental nature of current
equation for a solar cell. To find the parameters, alter-
nate techniques such as Newton-Raphson method [6]
and Least Square method [7] have been used previously.

In this work, the I-V characteristics of silicon and
plastic solar cells were synthesized from the data re-
ported in the literature [3, 8]. Using the GA extracted
values of Ipn, Io and n from the synthesized I-V charac-
teristic, the value of I was calculated for the set of dif-
ferent values of V using Newton-Raphson method. This
I-V characteristic was then used to check the validity
and robustness of the present approach.

To obtain Ips, Io and n from the experimental I-V char-
acteristic of a commercial poly crystalline silicon solar cell,
the values of Rs and Rs» were obtained using linear re-
gression of selected points on I-V characteristic near the
open circuit and short circuit condition, respectively.

From the eq. (1),the value of dV/dI at short circuit
condition (i.e. I = I,c and V= 0) gives the value of Rsx

dv
ﬁ = Rsh + Rs ~ Rsh (2)

And at open circuit condition (i.e. =0 and V= Vi

av _ nkpTq ! .
dl  I,+I-V/R, +nk;T/(gR,)+I+I, )R /R,

-1
+R Rl ®)
I .+I-V/R,

Thus, the value of Rs is derived from the plot of

V+IR V+IR
I=1,-1, [Q( nk, T ) —1:|— 7 £ 1) dVldI as a function of ¢'(I,+I-V/R,) 'kzT by tak-
o ing the intercept on y-axis.
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3. SOLAR CELL PARAMTERS EXTRACTION

Genetic Algorithm is essentially inspired by Darwin’s
theory of natural selection and natural evolution. In GA,
the fitness of a population is improved by the processes
of selection, crossover and mutation. In this work, the
set of unknown parameters (i.e. solar cell parameters)
are defined as X= (lo, Irn and n) for a cell. These un-
known parameters are the members (i.e. individuals) of
population and were extracted using continuous evolu-
tion through GA. Initially, a large population (Npop) of
sets of solar cell parameters (i.e. X=1Io, I,n» and n) are
created randomly. Then, the program calculates current
based on Newton-Raphson method for each randomly
generated set of solar cell parameters for each experi-
mental voltage using eq.(1).Then, calculated currents
are compared with experimental values at every genetic
iteration in order to evaluate the fitness of the solution.
The set of parameters corresponds to better fitness were
selected by selection operator and followed by crossover
and mutation operator in order to improve the fitness.

In this work, an elimination method, random-point
crossover and single bit-flipping were used as a selection,
crossover and mutation operator respectively. The fit-
ness function in our cases is defined as,

P 2
F(X)= {2[19’“’(%) —1(V) ] } /p @

i=1

Where, I=P(V;) and Ic<l(V;) are the experimental and cal-
culated values of current at Vi, p is the total number of
voltage steps in the I-V characteristics. From the eq. (4),
lower value of the fitness function represents better
agreement of fitted I-V characteristic with the synthetic
I-V characteristic with that of the experimental.

4. RESULTS AND DISCUSSIONS

Fig. 1 and Fig. 2 show the synthetic and fitted I-V
characteristics for a silicon solar cell and plastic solar
cell, respectively using GA. Table 1 and Table 2 show
the reference parameters and GA-extracted parameters
for silicon solar cell and plastic solar cell, respectively.
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Fig. 1 - Synthetic and fitted I-V characteristic of silicon solar cell

From the Fig. 1 and Fig. 2, it is observed that syn-
thetic I-V characteristics exactly overlap on the fitted I-
V characteristics obtained using GA. It is also concluded
that the parameters extracted by GA are very close to
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those reported results in references [3, 8] as listed in
Table 1 and Table 2 for the silicon solar cell and plastics
solar cell respectively.

Table 1 - Parameters from Ref. [8] and extracted using GA
with Rs = 0.0364 Q and R, = 53.76 Q

Silicon solar cell (33 °C)
Parameters | Ref.[8] GA extracted values
n 1.4837 1.484
Io (UA) 0.3223 0.329
I (A) 0.7608 0.761
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Fig. 2 - Synthetic and fitted I-V characteristic of Plastic solar
cell

Table 2 — Parameters from Ref. [3] and extracted using GA
with Rs = 8.59 Q and R, = 197.24 Q

Plastic solar cell (27.3 °C)
Parameters | Ref.[3] GAextracted values
n 2.31 2.302
Io (UA) 0.0136 0.014
Ln(A) 0.00794 0.008
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Fig. 3 — Experimental and fitted I-V characteristics of a com-
mercial polycrystalline silicon solar cell

As an additional test, GA is used to extract parame-
ters from measured I-V characteristic for a commercial
poly crystalline silicon solar cell as shown in Fig. 3. The
area of cell is 16 cm? and the illuminated I-V character-
ristic was measured at the light intensity 900 W/m?2 at
temperature 35 °C. Table 3 shows the GA-extracted
parameters for a poly crystalline silicon solar cell. It is
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Table 3 — GA-extracted parameters for polycrystalline silicon solar
cell with fixed parameters Rs = 0.3214 Ohm and R, = 61.51 Ohm

Poly crystalline silicon solar cell (35 °C)
Parameters GA extracted values
n 0.894

Io (pA) 8.8338

Lon (A) 0.164

concluded that the measured I-V characteristic gives a
good match with fitted I-V. However, It is also observed
that the fitted I-V characteristic is slightly mismatched
from the measured characteristic near the short-circuit
current. This can be attributed to the fact that the val-
ues of Rs and Rsn were estimated by linear regression
approach which could be slightly deviated from the ac-
tual values of Rs and Rsh.

REFERENCES

1. M. Chegaar, G. Azzouzi, P. Mialhe, Solid-State Electron.
50, 1234 (2006).

2. M. Murayama, T. Mori, Jpn. J. Appl. Phys. 45, 542 (2006).

3. A. Ortiz-Conde, F.J.G. Sanchez, J. Muci, Sol. Energ. Mat.
Sol. C 90, 352 (2006).

4. Ye Meiying, W. Xiaodong, Xu. Yousheng, J. Appl. Phys.
105, 094502 (2009).

J. NANO- ELECTRON. PHYS. 5, 02008 (2013)

5. CONCLUSION

GA based approach is successfully used for the ex-
traction of the cell parameters for synthetic and meas-
ured I-V characteristics. The obtained results using GA
are in good agreement with the reported results and
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