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Abstract. Nowadays, there is an increasing trend in the use of solar energy by
using photovoltaic system (PVS). The power generated by a PVS highly relies
on solar intensity. Therefore, a Maximum Power Point Tracker (MPPT) is one
of the key components of solar electricity generation. It is used to extract the
maximum power point (MPP) produced by a PVS. In this paper, we present a
bio inspired Bat Swarm Optimization (BSO) algorithm to track the MPP thereby
increasing the performance of the PVS. The proposed BSO algorithm is
developed in Matlab/Simulink environment. Furthermore, the results obtained
from the BSO algorithm are compared with the well-known conventional Per-
turb and Observe (P&O) algorithm.

Keywords: Maximum power point tracking � Photovoltaic system � Bio
inspired algorithm � Bat algorithm � Perturb and Observe

1 Introduction

Since the output characteristics of a photovoltaic panel (PV) depends on the solar
radiation, the temperature and the load, the maximum power point (MPPT) is not
constant. Therefore, tracking the MPPT of a photovoltaic panel is usually an essential
part of photovoltaic system (PVS) since it maximizes the power output of the PVS, and
therefore maximizes the PV panel efficiency. Thus, to improve the conversion efficiency
of the electric power generation, an MPPT controller is integrated with the PVS so that
the PV panel will be able to deliver the maximum power under all variable atmospheric
conditions. Therefore, a significant number of MPPT controller have been proposed in
the literature and industry [1, 2], starting with conventional method (CM) to soft
computing (SC) [3, 4]. The main goal of these MPPT controllers is to extract maximum
output power from the PV panel under different temperature and sunlight radiation.
Despite the fact that these methods are designed for the same objectives, they differ in
terms of complexity, flexibility, convergence speed, cost, hardware implementation and
effectiveness [5]. Thus, MPPT based conventional methods are simple, easy to
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implement and capable of tracking the MPP efficiently in normal conditions. However,
they have a drawback related to the continuous oscillations that occurs around the MPP
resulting in considerable loss of power during steady state. In addition, none of these
methods are capable of handling the problem of partial shading conditions.

In recent years, MPPT based SC are attracting huge interest from research com-
munities. These MPPT are developed and used both to improve the energy conversion
efficiency under uniform and non-uniform irradiation and to track the MPP accurately.
A large number of MPPT based on these methods has been proposed. These methods
can be categorized as Artificial Intelligent Methods (AIM) and Bio inspired Methods
(BIM) [6]. The MPPT based AIM [7–9], such as Artificial Neural Networks
(ANN) requires huge computation time and months of training to ensure the tracking of
the MPP. Regarding the BIM, they ensure optimal searching ability without involving
excessive mathematical computations [10, 11]. In addition, their implementation
simplicity makes them very attractive for solving the MPPT problem.

In this study, an MPPT based BIM is developed, this MPPT is based on a swarm
intelligent algorithm namely Bat Swarm Optimization [12, 13] used for maximum
power point tracking which is analyzed and compared with the well-known conven-
tional Perturb and Observe (P&O) [14] MPPT controller. The paper is organized as
follows, in Sect. 2, we present the system overview of a PVS. Section 3 deals with the
techniques of MPPT, where the proposed BSO algorithm is presented, followed in
Sect. 4 by the simulation results and Finally, a conclusion is given.

2 System Overview

Figure 1 illustrates the whole architecture of a PV system which contains a solar panel
for energy extraction from the sun, a DC/DC converter, a resistive load and an MPPT
controller.

The equivalent circuit of a solar panel, which is composed of several photovoltaic
cells employing parallel, series or series/parallel is depicted in Fig. 2. The model
consists of a current source ipv, a diode d and a couple of resistances rs and rp.
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Fig. 1. Photovoltaic system architecture
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Equation (1) show the current produced by the solar cell.

I ¼ Ipv� I0 e
ðV þ I:RsÞ

aVt � 1
h i

� V þ IRs

RP
ð1Þ

The PV module operation depends strongly on the load characteristics to which it is
connected, under constant uniform irradiance the current–voltage (I–V) characteristic
has a unique point on the curve, called the maximum power point (MPP), at which the
array operates with maximum efficiency and produces maximum output power. Fur-
thermore the characteristics of a PV system vary with temperature (Tc) and insolation
(S). Thus, MPPT controller is required to track the new modified MPP in its corre-
sponding curve whenever temperature and/or insolation variation occurs.

3 Bat Swarm Optimization Algorithm

3.1 Bat Swarm Optimization Basic Concepts

The standard BAT search algorithm is a Bio Inspired algorithm developed by Yang
[13] in 2010, and used for solving various optimization problems. As depicted in
Fig. 3, the algorithm is inspired by the echolocation behavior of natural bats in locating
their foods and avoids obstacles.

Fig. 2. Equivalent circuit of a PV cell
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Fig. 3. Echolocation of bat.
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When searching for prey, these bats emit a loud and short pulse of sound (wave),
wait a fraction of time for the echo to return back to their ears. With this echo, a bat can
decide an object’s dimensions, shape, direction, and movement. The loudness increases
and decreases when approaching towards prey. Accordingly, bats can determine how
far they are from the surrounding objects. In order to transform these behaviors of bats
to algorithm, Yang introduced the following rules [13]:

1 All bats use echolocation to sense distance, and also can differentiate between food,
prey and barriers;

2 All bats fly randomly with velocity vi at position xi with a fixed frequency fmin,
varying wavelength k and loudness A0 to search for prey. They can automatically
adjust the wavelength (frequency) of their emitted pulses and adjust the rate of pulse
emission r in range of [0,1], depending on the proximity of their target;

3 The loudness A can varies from a large (positive) A0 to a minimum constant value
Amin.

For each bat (i), the position xi and velocity vi should be defined and update during
the iterations. The mathematical equations for updating the locations xi and velocities vi
can be written as:

xti ¼ xt�1
i þ vti ð2Þ

vti ¼ vt�1
i þ xti � x�

� �
fi ð3Þ

fi ¼ fmin þ fmax � fminð Þa ð4Þ

where a in the range of [0,1] is a random vector drawn from a uniform distribution, x*

is the current global best location, which is achieved after comparing all the locations
among all the n bats.

3.2 The Proposed Bat Swarm Optimization MPPT Implementation

This section describes the implementation of the BSO algorithm for solving the
problem involved to MPPT controller in PV system. The flow chart of the proposed
BSO based MPPT method is depicted in Fig. 4.

The PV power serves as the target function. The function to optimize is PPV =
f (VPV). The algorithm starts by having no previous information about the position of
the best value (bat).

In the beginning, bats are generated randomly in the interval [0, Vco]. For each
solution there is a corresponding fitness function. Based on these solutions, the archive
is constructed.

Depending on the region strength, the transition probability of bats is calculated. By
successive iteration bats move towards the optimized point i.e. MPP. Figure 5 a–b and
c, depicts the different steps according to the fitness function, the restrict search space
and bats movement towards the optimized point, i.e. the MPP.
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Fig. 4. Flow chart of the BSO MPPT controller.

Fig. 5. (a) Distribution of the bat population; (b) Echolocation of bat; (c) Bats move towards the
optimized point, i.e. the MPP.
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4 Simulation Results

For the simulation, we used the Matlab/Simulink environment tools [15]. These
facilitate the change of the atmospheric conditions (T°, S) to assess the MPP tracking
trajectory, thus several scenarios are developed in order to evaluate the MPPT respond
under dynamic operating conditions (Fig. 6).

The MPPT based BSO algorithm was tested and compared to the well-known
Perturb and Observe algorithm P&O.

Firstly, the BSO MPPT controller is simulated at standard conditions STCD
(1000 W/m2, 25 °C), then at rapidly changing atmospheric conditions.

The temperature is constant at 25 °C and the irradiance is varying from 500 to
1000 W/m2. The performance of each MPPT controller was evaluated at steady state
condition.

Figures 7 and 8 depicts respectively the progression of the output power delivered
to the load for the P&O and BSO algorithms under standard conditions (1000 W/m2,
25 °C).

As depicted in Fig. 9, the BSO MPPT controller converges rapidly to the
MPP. This latter is reached after only 0.7 s with a zero oscillations around the MPP.

Regarding to the MPPT based P&O, results show that the P&O MPPT controller
converge slowly, the MPP is reached after 9.8 s with a continuous oscillations around
the MPP which cause energy losses.

In the case of rapidly changing atmospheric conditions regarding to irradiance, the
condition of changing solar insolation was modeled as depicted in Fig. 9. The tem-
perature is constant at 25 °C and the irradiance is varying from 500 to 1000 W/m2.
From these results, it is shown that the BSO controller gives better results compared to
P&O controller in terms of power value, time response and oscillations around the
MPP. In Fig. 10, it is clearly shown that at 20 s, in the transition of the irradiance from
500 to 1000 W/m2, the BSO MPPT controller follow the variation of the irradiance and
track the MPP rapidly, it take negligible time to stabilize with no oscillation around the
MPP, whereas for the P&O controller, as illustrate in Fig. 11, its take more time (5 s) to
track the MPP and adjust the value of the power, where the oscillations around the
MPP are still not eliminated.

Fig. 6. BSO Power curve under STDC. Fig. 7. P&O Power curve under STDC.
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5 Conclusion

In this study, a new bio inspired algorithm namely bat swarm optimization algorithm
(BSO) used for maximum power point tracking is developed, analyzed and compared to
the well-known conventional method with the Perturb and Observe (P&O) MPPT
controller. The results show that the BSO gives better performances in term of con-
vergence speed, accuracy, stability and robustness; where the BSO controller reached
the MPP speedily with a good accuracy and no oscillation around the point at steady
state even for standard condition or when a rapid variation of irradiance occurs compared
to the P&OMPPT controller. Regarding to the P&O controllers, the biggest drawback of
the controller is due to the multiple oscillations around the MPP, especially under rapid
variation of the atmospheric condition. Thus, the BSO can be considered as one of the
main competitive algorithms for tracking the maximum power point of a Photovoltaic
system under rapid variation of weather (Solar irradiance and Temperature) where it is
able to readjust rapidly to the new conditions compared to P&O where it take more time.
As future work we aim to test the proposed algorithm to solve the problem of partial
shading then propose a hardware implementation for the proposed method.

Fig. 8. Power curves of the P&O and BSO
under STDC.

Fig. 9. Variation of the irradiance level from 500
to 1000 W/m2

Fig. 10. BSO Power curve under rapid vari-
ation of irradiance.

Fig. 11. P&O Power curve under rapid vari-
ation of irradiance
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