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Abstract—Hybrid renewable energy system has been control the pitch angle of the wind turbine system and to assure

introduced as a green and safe power system. The hybrid unit is
widely used and therefore, optimization problem solving for this
system is necessary. Research and development efforts in
renewable sources are required to improve the hybrid system
performances. In this study, we propose the control of an hybrid
system comprising a wind turbine and a shaded photovoltaic
generator using an evolutionary method based on particle swarm
optimization.
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L INTRODUCTION

During the last decade, energy consumption has increased
considerably due to massive industrialization. The use of
alternative resources such as solar and wind energy is a solution
to meet the needs of large-scale power generation. Despite the
above-mentioned renewable energy systems are considered as
promising power-generating sources, the major drawback of
these resources is their variable nature and dependence on the
weather and climatic conditions. For this reason, a combination
of some sources to form a single renewable energy system
called as hybrid renewable energy system (HRES) [1], allows
maximum optimization of power systems, both technically and
economically. Indeed, integrating the mentioned resources in a
suitable hybrid combination provides the potential to improve
the system efficiency and the energy supply reliability.

In this framework, several researchers have studied the design,
optimization, operation and control of HRES. Celik [2]
presented a technique to evaluate the performance of hybrid
solar/wind energy system using synthetically generated weather
data. Nehrir et al. [3] proposed a new computer-modeling
approach for evaluating the general performance of hybrid
photovoltaic/wind energy system. Rajkumar et al [4] used
adaptative neuro-fuzzy inference system to model the hybrid
systems. In [5], Yang et al studied an optimal sizing method
for stand-alone hybrid solar/wind system with the loss of power
supply probability technology by using a genetic algorithm. In
fact, due to the high complexity and high nonlinearity of the
renewable systems, this work suggests metaheuristics called
particle swarm optimization (PSO) [6] to control a grid
connected photovoltaic/wind system. This method is used to

the maximum power point tracking (MPPT) of a shaded
photovoltaic (PV) system. In our study, we started with the
development of the studied HRES system, and then the concept
of using PSO method in controlling the wind turbine pitch angle
and global maximum power point (GMPP) tracking is detailed.
Finally, before concluding, the performance of the developed
control strategies is discussed using some simulation results.

II. THE STUDIED HYBRID RENEWABLE ENERGY SYSTEM

A. Wind Turbine Model

The wind conversion system (WECS) is generally constituted
of the rotor, the transmission system, and the power generator
unit [7]. Fig.1 gives an overview of a horizontal-axis wind
turbine. The rotor includes the blades that assure the
aerodynamic conversion, the hub that connects the blades to the
transmission and the pitch servos which are in charge to rotate
the blades around their longitudinal axes. The transmission
system assures the transfer of the captured mechanical power to
the electric machine. It comprises the low- and high-speed
shafts, the gearbox and the brakes. The gearbox increases the
rotor speed to values more suitable for driving the generator.
For the studied variable speed WECS, the wind turbine is
directly coupled to the PMSG without a gearbox to convert the
wind power into electrical one, the electric generator converts
mechanical power into electricity.
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Fig.1. overview of a horizontal-axis wind turbine
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The general model for the whole WECS is structured by
several interconnected subsystem models as it is given in fig.2.
The aerodynamic subsystem outlines the transformation of the
three-dimensional wind speed field into forces on the blades
which initiate the rotational movement. The mechanical
subsystem includes the drive-train and the support structure. In
fact, the drive-train transmits the aerodynamic torque on the
blades to the generator shaft and the structure, composed of the
tower and foundations, sustains the thrust force. The electrical
subsystem permits the conversion of mechanical power at the
generator shaft into electricity. Concerning the actuator
subsystem, it models the pitch servo behaviour [8].

Mechanical subsyst.

T:, Fr 2 U
Drive-train Power
& generator 1,
structure it
2. 4 T,

; T

Control

Acro
dynamics

Pitch
SOTVOS

e
Control

Fig.2. Subsystem-level block diagram of a variable-speed variable-pitch
WECS

The output power of the wind turbine is expressed by:

P :lan2V3C (ALB) (1)

w wp

Where:

p is the air density

A is the turbine swept area
V, is the wind speed

The power coefficient C, is a non-linear function depending
on the tip speed ratio A and B blade pitch angle. It is given by:

C,(AB)=053 %—0.58ﬂ—0.002,8“" —I13.2|xexp _;8'4] ©)
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Where:

1
b= 1 0.003 ®)

A—0.028 B’ +1

The tip speed ratio (TSR) is explicit by the following
expression:

RS2
r=7 )

w

By using (2), the typical Cp versus A curve is shown in Fig.3.
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Fig.3.Cp versus A curve

The turbine torque is defined as the ratio of the mechanical
power to the rotational speed:

T, = (5)

The mechanical speed of the turbine is determined from the
fundamental equation of the dynamics as:

L e ©)
dt

B. Shaded PV system model

The studied system comprises two PV array connected in
series where one of them is shaded, each of which consists of 5
modules where each one contains 54 serial cells delivering under
uniform climatic situations 2000W.

Partial shading results when the PV array is exposed to
different radiations, the system’s electrical performance will be
based on the cells specifications as well as the irradiation’s
conditions. In fact, the shaded modules utilize an amount of the
generated power and behave as a load. This influences on the
general power production and can engender hot spot problem.
Therefore, additional bypass diodes are used to avoid the self-
heating of PV modules. Many types of research have been
performed to implement the photovoltaic model. The

mathematical model of a solar module with N series cells is
given by the equation below:

NR
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=1 —1 (ex —1)—
o oh (expv, NV .

(7

“shg

The system is simulated under different irradiations of Gl
and G2 .The I-V and P-V characteristics, given in Fig.4,
accentuate the role of the second generator’s illumination. In
fact, it influences on the PV general aspect, particularly at the
second peak.
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Fig.4. P-V and I-V characteristics of the studied shaded PV generator
C. PQ inverter

The DC/AC converter interfaces the photovoltaic source
with the power structure. It behaves as a power controller
between the DC-link and the grid by assuring the regulation
of the amount of active and reactive power injected into the
utility network [12]. Fig.5 gives its configuration.
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Fig.5. Configuration of the studied inverter

The converter’s leg involves a group of two IGBTs
connected with the same phase. The two conditions for the
switching variable «y, of each leg k are given by:

1, (S, =1and S, =0)
0, (Sy=0andS, =1)
As ideal power switches are considered:

2
doS.=1 ke{123} (11)
j=1

ke{1,2,3} (10)

The inverter’s voltages Via, Vis, Vie are related to the switching
states S7;, Si2and Sy3 according to the following matrix.

f 2 -1 -1]s,
,

A iy A L (12)

v, -1 -1 2||S;

D. The line-side converter ‘s control

The grid dynamic model is expressed by:

. 84
ng = Vu _Rglgd —-L +wzglg
(13)
. g, .
ng =V, —Rglgq —L 0 wlglgd

iy i

Where V, and Vq are the d-q inverter voltage components, L,
and R, are the grid inductance and resistance, respectively and

i, andi ¢, Tepresent the d-q grid current components. The active

and reactive powers are determined from equations (14) and

(15).

Pz%(ngigd +V, i, ) (14)
Qz%(ngigd —ngigq) (15)

The elementary structure of the grid side control is given in
figure 6; two PI controllers are proposed to regulate the injected
power flow. A d-axis PI regulator assures the control of the
active power, while a g-axis PI regulator regulates the reactive
power. The exchange of reactive power is not considered in this
work, so the total power extracted from the hybrid system is
transmitted to the network.
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Fig.6. The different grid side control loops



III. PARTICLE SWARM OPTIMIZATION FOR THE STUDIED HYBRID
RENEWABLE

A. Basic PSO algorithm

PSO is based on the behavior of a colony or swarm of bees,
a train of fish or a group of birds [7] [8]. It imitates the
comportment of theses social organizations. Each individual or
particle in a swarm behaves in a distributed approach using its
own intelligence and the collective one of the swarm. Thus, if
one particle finds a good path to food, the others will also be able
to follow it instantly even if their position is far away in the
swarm [9] [10]. Optimization processes based on swarm
intelligence are called evolution-based techniques. For
multivariable optimization structure like renewable systems,
swarm is supposed to be fixed with each particle located initially
at random positions in multi-dimensional space. Each particle
has a position and a velocity [11] [12]. Each particle moves in
the design space and remembers the best position it has
discovered. The particles communicate information or good
positions to each other and adjust their individual positions and
velocities based on the information received for the good
positions. For the standard algorithm, the velocity v and position
x of each particle in iteration k can be computed as follows:

(m) (m) m (m) (m)
Vk =w Vk—l + clrl (pLesz - Xk_1) + Czrz (gbest - Xk—l) (16)

(m) (m) (m)
Xy =X TV 17
The parameters cl and c2 set the relative pull of ppesr and gpes:-
The parameters »; and 7> which are uniformly distributed random

variables in the range of [0, 1] help in stochastically varying
these pulls.

B. Pitch angle control using PSO

In this part, a regulation of the wind turbine pitch angle via a
regulator based on the PSO is proposed. In fact, the proposed
controller calculates the appropriate pitch angle by setting the
angle reference Pref. This angle is considered to be the particle
and the optimization function is calculated using the following
equation:

FIT = |P

g,nom

~P| (18)

The initial positions of the evolutionary parameters, particles,

: . . k
are given by a vector comprising vof j °

With j = (1,2,3,4) is the index of the particles.

For each iteration k, the j reference angle values are sent to the
system and impose a torque to the turbine and therefore a
generated power. The studied algorithm is tuned on line. The
developed algorithm is described by the following flowchart:
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Fig.7. Flowchart of pitch angle control using PSO
C. PSO method for GMPP tracking

In this work, the PSO algorithm is used to ensure the
MPPT control of the studied shaded photovoltaic
generator.
In fact, the algorithm acts on the cyclic ratio of the
converter by controlling the output voltage of the GPV,
considered as the particle at each iteration.
For the studied algorithm, 4 particles are considered.
The initial position of the population are given by the
vector below:

x=[0.2 0.4 0.6 0.8]x2Voc (19)
The fitness function to be maximized presents the
generated PV power. It is developed as in (9):

Fitness=Vpv*I pv (20)

Due to the change in operations conditions, the GA
algorithm is modified in order to search the new MPP
again by resetting the initial population whenever it
detects a variation of solar irradiance, temperature, and
load.
Accordingly, the GA is reinitialized while the following
two conditions are satisfied:

W, (k+D|(-AV 1)
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The flowchart of the proposed PSO algorithm for GMPP
tracking is given in Fig.8.
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Fig.8. Flowchart of GMPP tracking using PSO

IV. SIMULATIONS RESULTS

The behavior of the wind generator associated with the
GPV and connected to the grid is illustrated using
numerical simulations carried out under Matlab -Simulink.
The variable-speed wind generator, controlled by the
PSO approach, is exposed to a variable wind given in
fig.9. It then generates the Peol wind power, shown in
fig.10. The shaded photovoltaic generator controlled by
the MPPT technique based on the PSO is exposed to a
variable illumination illustrated in fig.11. Fig.12 shows its
generated power. The P-V characteristic of the GPV is
illustrated in Fig.13. It is clear that the PSO algorithm
follows the maximum power point for the different states.
Fig.14 shows the evolution of the power generated by
renewable energy sources. The DC bus voltage given
infig.15 is constant and well-regulated at its 400V set point

and thus proves the efficiency of the implanted regulator.
Fig.16 and Fig. 17 illustrate the evolution of the currents
and the voltages injected into the grid.
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Fig.12 .P-V characterics for different studied scenarios
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Fig.17. Grid voltage response

V. CONCLUSION

In this paper, a PSO technique is proposed to control an hybrid
renewable system. The system consists of a shaded photovoltaic
panel and a wind turbine generator connected to the grid via an
inverter. First, the PSO technique is used to regulate the wind
generated power around its rated value then this method is used
to extract the maximum power delivered from the solar
generator. The effectiveness of the studied method is
demonstrated by the different simulations results.
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