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Abstract: The Artificial Bee Colony based algorithm (ABC) studied in this paper is assigned as an intelligent control of
photovoltaic system. The output power of a photovoltaic panel depends on solar irradiation and temperature. Therefore, it is
important to operate the photovoltaic (PV) panel in its maximum power point. In this aim, the ABC consists to track the
optimal duty cycle of the electronic converter, in order to lead to the Maximum Power Point (MPP) of the PV system.
Moreover, the classical method Perturb and Observe (P&O) [1-2] is studied in the sake of comparison with the ABC method in
Matlab/Simulink, by taking into consideration the efficiency, the speed and the robustness performance when the
meteorological conditions change.
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This paper is organized as follows: In section II,
description of the photovoltaic system. Maximum power
point tracking control is described in section III. The
simulation and results are presented in section I'V. Conclusion
is given in the last section.

1. Introduction

Photovoltaic (PV) systems have generated immense
market and research interests recently due to the abundance
of raw materials and their noiseless and environment friendly
power-generating process [3-4]. The electrical energy
produced by a photovoltaic system stored or used directly by
static converters is not maximized. The maximum power
point (MPP) is achieved by adjusting the operating point of
the PV array using a DC-DC converter. In this context, an
increasing interest has been given to the methods of tracking Vpv J

duty

SUN

DC-DC DC
CONVERTER LOAD

Jof

the maximum power of the PV system named Maximum Lp]
Power Point Tracker (MPPT) [5]. ipvl_y| MPPT [=eycle
Different techniques to track the MPP have been presented
in literatures. These techniques are dedicated to find the
optimal duty cycle of the boost, we can distinguish the .. .
conventional P&O which known by oscillation in the steady 2. DeSCI’lpthIl of the Photovoltaic SyStem
state and the inability to provide the appropriate MPP when
the meteorological condition change. In this work an

Figure 1. General diagram of the photovoltaic system.

2.1. Characteristics of PV Module

intelligent approach wusing Artificial Bee Colony has A PV array is formed of several PV modules connected in
introduced to track the maximum power point of the  series and/or parallel and the total power is a combination of
photovoltaic panel. the power derived from each PV module. [6]. The

We studied the methods of P&O and ABC in order to  fundamental equation for PV panel is given by:
compare the performances. The results are obtained using

Simulink environment. The system is presented in Fig. 1. IPV = npIPh - npls [exp (M) —1]- VpotRslpy (1)
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Table 1. Parameters of a PV.
Ipv Output current
Vpy Output voltage
T Cell temperature (K).
G Solar irradiance (W/m2).
Ipn Light-generated current.
Is PV cell saturation current.
Ir saturation current at Tr.
Isc Short-circuit current at reference condition.
Tr Reference temperature.
KI Short-circuit temperature coefficient.
q Charge of an electron.
K Boltzmann's constant.
Eg Band-gap energy of the material.
A Ideality factor.
The behavior of the PV module is shown in two

characteristics Ipy(VPV) and PPV(VPV) for different
irradiation and temperature values can be plotted.

The following curves give an example of these
characteristics for two different irradiance (G) and

temperature:
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Figure 2. PV Characteristics of the photovoltaic Panel Ipy(Vpy).
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Figure 3. P(Vpy) Characteristic.
The specification of the photovoltaic module used are:

Table 2. The specification of the photovoltaic module used.

Pmax (W) 20.0W.
Voc (V) 20.8V.
Isc (A) 1.27A.
Vmp(V) 17.1V.
Imp(A) 1.17A.
2.2. Boost DC-DC

A boost chopper is one of power converters used in

photovoltaic systems. In this aim we will insert this converter
'boost' between the photovoltaic system and the load in order
to bring this load to function optimally. The control of the
converter is managed by the duty cycle which itself needed to
be adjusted to its optimal value. This adjustment is actually
directed by MPPT methods. The boost converter is composed
of inductor, capacitor, and a power switch often is a mosfet
transistor. The boost circuit is depicted in Fig. 4 [7].
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Figure 4. Boost Converter circuit.

2.3. Maximum Power Point Tracking

Maximum power point tracking (MPPT) technique is used
to extract the maximum power delivered by the solar panel.
Indeed there are several algorithms to extract the maximum
power. The most famous is Perturb & Observe (P & O).In
this section we offer a new controller based on ABC.

1) Perturb and Observe:

Perturb and observe approach is the most used method to
pursue the maximum power point of a photovoltaic
generator. The principle is to disrupt the voltage or duty cycle
and calculating the power terminal of the PV module.

¢ When p(k-1)<p(k), the voltage is increased.

¢ When p(k-1) > p(k), the voltage is decreased.

Measures:

Vik), 1(k)

v

| P(k) = V(k) 1(k) |

Measures:
Vik), 1tk)

v
| P(k) = V(k) I(k) |

V=V+4V

Figure 5. Flowchart for conventional Perturb and Observe algorithm.
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2) Principle of ABC algorithm:

The artificial bee colony (ABC) algorithm was introduced
for solving optimization problems proposed by Tereshko and
Loengarov [8-9].

The ABC consists of three groups of artificial bees:
employed, onlooker and scouts. Every group has a different
task in the optimization process [10].

The employed bee is currently searching for food and
carry the data about food source back to the hive. A bee
waiting in the hive for making decision to select a food
source is called as an onlooker. Whenever a food source is
exploited fully, all the employed bees associated with it
abandon the food source, and become scout. The number of
food sources is equal to the number of employed bees and
also equal to the number of onlooker bees. The flowchart of
the proposed ABC algorithm is given in Fig. 6.

The steps of the ABC algorithm are outlined as follows:

1. At the initialization phase, the ABC generates a
randomly distributed initial population of ns solutions
(duty cycle). Each solution is produced within its limits
[0, 1] according to the equation below:

X =X i + 1and[0, 17%( X Xomin) i=1, 2,...., SN (4)

Where xmin and xmax represent respectively the
minimum and the maximum of the parameter j.
2. Each employed bee leaves to a food source and locates
a neighbor source vi according to Eq. (5) and then
estimates its fitness fiti:

Vi= Xt i *( X - Xk) )

Where k € {1, 2,...,
chosen indexes.
Although k has to be different from I and &y;; € [-1, 1].
3. Each onlooker observes the nectar of employed bees
and chooses one of their sources depending on the
probability Pi defined as:

SN} and j €{1, 2,., D } are randomly

. Fit;
Pi=gov— o (6)

where fiti is the fitness value of the solution xi (Power).

The fitness of each new produced candidate solution vij is
com-pared with that of its old one. If the new solution has an
equal or better fitness than the old solution, it replaces the old
one in the memory. Otherwise, the old one is retained in the
memory. In other words, a greedy selection mechanism is
employed in the selection operation between the old and the
candidate one.

4. At the end of each search cycle, if the fitness of a
solution cannot be improved and the predetermined
number of trials, which is called “limit”, is exhausted,
then the solution will be abandoned by scout bee and a
new solution is randomly searched.

The main advantage of the ABC-based algorithm is that it
does not require expending more effort in tuning the control
parameters, as in the case of GA [56-59], and other
evolutionary algorithm. This feature marks the proposed

ABC-based algorithm as being advantageous for
implementation.
Initialize the employed
bees (initial duty cycle)
Réinitialiser le rapport (Eq4)
cycligue (Equation 7)
Cycle=1 o l
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Figure 6. Flowchart of the proposed ABC-based MPPT.

3. Results and Discussions

In this section we will compare the performance of P&O
which has a fixed Ad (representing the step size) to those of
the ABC.

For T=25°C and G=1000W /m?

1) P&O algorithm with a fixed step size Ad=0.025 and
5=0.002s:

et [A]

,,-!\' T v = v
\\/.\/.\,/ \/

\

Figure 7. Trend of IPV, VPV and PPV for P&O algorithm.

As we observe that the P&O with a fixed Ad=0.02,
oscillate at the steady state around the MPP. These
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oscillations is due to the unstable values of duty cycle « d »
which does not allow the algorithm to lead the PV module to
reach the maximum power point effectively.

2) ABC Algorithm:
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Figure 8. Trend of Ipy, Ipy and Ppy for ABC method.

The ABC algorithm find the maximum power point (MPP)
at t=0s while P&O find the value of the same point at t=
0.053s and the ABC can track the MPP quickly and
effectively without any oscillations in the steady state.

During a change in temperature or irradiation, the ABC
algorithm resets (we control the fluctuation of weather
conditions through equation 7) then converges to the new
maximum power which makes our more robust algorithm.

va(new)_va(Old) > AP
va(new)

(7

4. Conclusion

In this paper we clearly see that the ABC algorithm which is
considered as an intelligent control outperforms the method of
MPPT P&O in tracking the MPP. We have shown through the
simulation of photovoltaic system in simulink that the
technique of ABC under variable irradiation conditions is more
robust and has satisfactory results. In addition, the proposed
algorithm requires only two control parameters; its
convergence is not dependent on the initial condition.

Beside all of that, it provides just one optimal value of
duty cycle, in contrast P&O find many values of duty cycle

which causes in the end of their convergence an instability
and oscillations in the steady state.
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