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h i g h l i g h t s

" Artificial bee swarm optimization (ABSO) is proposed to identify the solar cell parameters.
" The performance of ABSO algorithm is quite promising.
" The results of ABSO outperform those of the other studied algorithms.
" ABSO is a helpful technique for solar cell parameters identification.
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a b s t r a c t

An accurate mathematical model is an extremely helpful tool for simulation, evaluation, control, and
optimization of solar cell systems. Due to the non-linearity of the solar cell models and the inability of
traditional optimization methods to accurately identify the unknown parameters, recently, metaheuristic
algorithms have attracted significant attention. Artificial bee swarm optimization (ABSO) is a recently
invented algorithm inspired by the intelligent behaviors of honey bees such as collection and processing
of nectar. In this paper, we propose an ABSO-based parameter identification technique based on the sin-
gle and double diode models for a 57 mm diameter commercial (R.T.C. France) silicon solar cell. The
results obtained by ABSO algorithm are quite promising and outperform those found by the other studied
methods.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Thanks to the growing price of fossil fuels and air pollution, the
tendency to use renewable energy sources has noticeably in-
creased over the past years. Among renewable energy sources, so-
lar cells are being used all over the world to produce electricity not
only for the high demand of electrical power, but also for their
promising features like easy installation, little maintenance, no
pollution, and noise-free.

Solar cell accurate modeling has received significant attention
in recent years [1–5]. Solar cell modeling primarily involves the
formulation of the non-linear current vs. voltage (I–V) curve. Sev-
eral models have been developed to represent the behavior of
the system under different operating conditions. They vary from
models with simple assumptions to advanced models accompany-
ing with many physical variables. Nevertheless, two solar cell mod-
els are widely used in practice: the single and double diode models.

The single diode model is much more common than its counter-
part. This model contains five unknown parameters while the dou-
ble diode model has seven unknown parameters. Accurate
determination of the parameters plays an important role in solar
cell simulation, performance evaluation, design, optimization,
and control. Therefore, parameters identification with the help of
a capable optimization technique is necessity.

Two main approaches have been used in the literature to solve
the parameter identification problem: traditional [6–9] and meta-
heuristic [10–12] search approaches. In [6] a modified non-linear
least error squares estimation approach based on Newton’s meth-
od has been developed to obtain solar cell parameters. Dependency
on the initial point used in the iterative method is a major defi-
ciency of this approach. Besides, this type of optimization method
is local in nature and may achieve a local optimum rather than a
global one if multiple solutions exist. Similar analytical methods
have been proposed in [7–9]. These traditional optimization tech-
niques needing continuity, convexity and differentiability condi-
tions for being applicable, involve heavy computations, are
sensitive to the initial solution, and most often lead to local optima.
Another reason for the inability of traditional methods to
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effectively solve the parameter identification problem is the non-
linearity of the solar cell characteristic. As a result, in solar cell
optimization problems, to increase the probability of obtaining
the global solution at a reasonable time, metaheuristic search ap-
proaches have been proposed [13–16]. In the literature, solving
the problem of solar cell parameter identification can be addressed
by genetic algorithm (GA) [10], particle swarm optimization (PSO)
[11], and simulated annealing (SA) [12]. Although these metaheu-
ristic algorithms yield better results than traditional ones, they
have their respective limits [17]. As the most popular metaheuris-
tic algorithm, GA frequently finds promising regions of search
space quickly, but it has some drawbacks: it has a trend to con-
verge towards local optima rather than the global optimum, unless
the objective function is defined well; suffers from the lack of good
local search ability; and simpler optimization algorithms may find
better solutions than GA at a same amount of computation time. In
comparison with GA, the advantages of PSO are that it is easy to
implement and there are few parameters to adjust. Nevertheless,
this algorithm has some drawbacks: PSO performance depends
strongly on its parameters; it might easily lose the diversity; and
may be influenced by premature convergence, especially when
the best solution is a local one. SA is another metaheuristic trying
to simulate the process of annealing in metallurgy. Due to the fact
that SA is a solo-searcher, its performance is sensitive to the start-
ing point of the search. Furthermore, there is no rigorous theoret-
ical foundation for determining SA parameters, particularly the
parameters of the cooling schedule. The selection of these param-
eters is extremely difficult and the designer needs to trial in order
to obtain values that can provide a proper optimization in a rea-
sonable amount of computational time.

The non-linearity of the solar cell characteristics expects a high-
performance optimization technique. The success of an optimiza-
tion algorithm depends strongly on the ability of providing a good
balance between exploration and exploitation. Exploration refers
to generation of new solutions in as yet unseen regions of the
search space and exploitation means the concentration of the algo-
rithm’s search at the vicinity of current good solutions. The inabil-
ity of the algorithm to make a good balance between exploration
and exploitation leads to premature convergence, getting trapped
in a local optima, and stagnation. Motivated by the swarm behav-
ior of honey bees, bee algorithms (BAs) are recently invented meta-
heuristic optimization techniques. BAs employ different kinds of
bees with different updating patterns to probe the search space.
Using distinct updating patterns increases the flexibility of the
algorithm to establish good balance between exploration and
exploitation. Hence, BAs are promising algorithms that have more
chance than the other algorithms to find the optimal parameters of
solar cells which are closer to the real ones. The effectiveness of
BAs has led to their application to optimization problems in differ-
ent areas [18–21]. Different approaches have been developed for
simulating the intelligent behavior of honey bees [20–23]. Here,
artificial bee swarm optimization algorithm, ABSO, proposed by
the authors [20] is used to solve the parameter identification prob-
lem. In ABSO, two kinds of bees are employed: onlooker and scout
bees. Scout bees are those bees that try to provide exploration
while the most focus of onlooker bees is to provide exploitation.

In this paper, ABSO is applied to identify the optimal parameters
of a 57 mm diameter commercial (R.T.C. France) silicon solar cell
[6]. In order to evaluate the ABSO performance, the obtained re-
sults are compared with those of genetic algorithm (GA), chaos
particle swarm optimization (CPSO), simulated annealing (SA), pat-
tern search (PS), and harmony search (HS) algorithm.

The rest of this paper is arranged as follows: Section 2 provides
a description of the solar cell models; In Section 3, ABSO algorithm
is explained in detail; Simulation results and discussions are re-
ported in Section 4, and finally, conclusion is stated is Section 5.

2. Problem formulation

2.1. Solar cell models

Several models have been developed to describe the I–V charac-
teristic of solar cells, but only two models are used in practice.
These models will be briefly discussed in the following subsections.

2.1.1. Double diode model
For modeling an ideal solar cell under illumination, a light-gen-

erated current source is shunted with a rectifying diode. Neverthe-
less, in practice to consider the space charge recombination current
the current source is also shunted with another diode and a shunt
leakage resistor to take into account the partial short circuit cur-
rent path near the cell’s edges related to the semiconductor impu-
rities and non-idealities. In addition, due to the solar cell metal
contacts and the semiconductor material bulk resistance, a series
resistor is connected with the cell shunt elements [24]. The equiv-
alent circuit of the double diode model is as Fig. 1.

The terminal current, It, can be written as follows:

It ¼ Iph � Id1 � Id2 � Ish ð1Þ

where Iph is the photo-generated current, Id1 denotes the first diode
current, Id2 is the second diode current, and Ish denotes the shunt
resistor current.

Considering Shockley equation for the diodes currents and
substituting the current of the shunt resistor, Eq. (1) is rewritten
as the following form:
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Fig. 1. The double diode model of solar cell.
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Fig. 2. The single diode model of solar cell.
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