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1. INTRODUCTION

The home of the environment, the strategy of which is environmental protection, has spared no
effort since it opened its doors for the protection formal nuisances. Recently, this greenhouse handled an
important topic related to renewable energy and environmental protection. In the third millennium, the
importance of renewable energy is of continuing concern to researchers and environmentalists worldwide.
Experts have reported that many climate change nuisances, such as floods, cyclones, greenhouse gas
emissions, accelerated soil erosion, and losses in genetic diversity, have appeared innumerous countries.
Experts have also explained that all these nuisances pose an unprecedented ecological threat on a global
scale. Thus, the question that currently arises is how to address this situation and how to control energy. The
only solution that could save the Earth is orienting toward renewable energy from the sun, the wind, and
tides [1].

The major difficulty associated with decentralized energy sources (e.g., wind farm and solar plant)
is that these sources do not participate in the general services system (i.e., voltage adjustment, frequency,
possibility to operate on islanding). This case is particularly true with renewable energy sources, the
production of which is unpredictable and considerably fluctuating. The integration of decentralized
production units in a network poses several problems, including random and unpredictable producible (e.g.,
wind power, solar), lack of frequency—power and voltage adjustments, and sensitivity to voltage dips. The
failure to participate in services system brings this type of energy source to behave similarly to passive

Journal homepage: http://iaesjournal.com/online/index.php/IJECE



1134 0O ISSN: 2088-8708

generators of electricity. Penetration of distributed generation must be limited (20% or 30% of the power
consumed after a few feedbacks) to ensure network stability in acceptable conditions; thus, power
supervision of these farms is necessary [1].

Current research in the field of wind farms is oriented toward the development of supervision
algorithms to distribute the total power reference between wind generators. In this context, several algorithms
have been proposed. Proportional distribution algorithm [2], [3], was developed to distribute power
references in a proportional manner. From a safety concern, this algorithm ensures that each wind generator
constantly functions far from its limits, as defined by the (P, Q) diagram [2]. The algorithms based on
optimized objective function [4-6] permits an optimal distribution of the active and reactive power references
on the wind generators. It needs optimization methods, such as genetic algorithm (GA) [7], neurons
networks [8], particles swarm optimization (PSO) [5], and methods that combine the latter with fuzzy
logic[09], [4]. The last supervision algorithms are based on proportional—integral (PI) regulators. This class
of algorithms regulates the problem of supervision by using a simple PI regulator [10], [11], [29].

The current research work presents a comparative study of the GA and PSO methods to determine
the optimal PI controller parameters for the wind farm supervision algorithm, and compared with the non-
optimized PI controller, in which the parameters are adjusted manually.

2. POWER SYSTEM CONFIGURATION

The system studied in this study as presented in the following diagram mainly compound from
different electric Elements, the wind farm connect through a transformer (20KV / 690V) to the electrical
network, additional different variable loads also connect to the network but with another transformer. we
have focused more on central supervision unit that can control the wind farm in active and reactive power
(PWE, QWF) following the network system operator TSO required plan.
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Figure 1. Power System Configuration [1]

The main components of wind generators used in this wind farm are turbine, gearbox, doubly-fed
induction generator (DFIG) when its stator is directly connected to the grid and to two inverters one side
DFIG rotor (RSC) permits to control active and reactive powers of DFIG, the other one side grid (GSC)
allows to manage transient balanced power and current to grid, as shown in Figure 2 [1], [13].
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a.  Turbine Model : The amount of aerodynamic power Paer captured from wind turbine Figure 2(a) can
be expressed by the following Equation [3]:

3
P, =C,P,=C,(a. ﬂ)pSV

(M

where:

Paer is the obtained wind power(w), O is the air density(kg/m®), V' is the wind speed(m/s), S'is the swept

area of the turbine, and C » is the Power coefficient.

(b) (d)
Doubly fed ifiduction Pq
Genergtor / AC 50 Hz B ~
y—= f 5
e :
[=
s DFIG |
: 1 [m=—mmmmmmmmm———— =
= 2 [
H B B otor side
ik - co@er _L
L ] ot
i AC variable frequency;! T
AT ]
itk A Aluluielululeluiaie £ w - N
: Rotor side converter controller Grid side converter controller !
1 (RSC) (GSC) V, :
: 4 Py Orer & V3 Orere Viererh ¥ !
1 —_S I 1 :
: T’ Reactive power dispatching Local control unit :
. e y — )
N e e e o o o o e e e = = = e e = = = ——— — el e e e - = - - = = = e - - ——
o R T
central supervisory unit
Figure 2. DFIG based Wind Energy Conversion System
with
A speed ratio defined as follow:
L QR
V vina )
where :
Q, :is turbine speed, ), is the wind speed, and S : is blade pitch angle;
The aerodynamic torque is given by :
3
¢ - Pu o owp 1
aer Vd
Q turbine 2 Q turbine (3)

b.  Gearbox model
As shown in Figure 2(c), the Gearbox torque can be presented by following Equation:

Cc : gearbox torque ;
g
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C  :aerodynamic torque ; and

aer

G : Gearbox multiplying factor for speed, we have:

Q

mec

Q turbine G

where:
Q.. isthe mechanical speed

c.  General DFIG Model

As shown in Figure 2(b), the DFIG is modeled in d, q Park model, the stator and rotor voltages can be written
as:

d
Vds - R‘sld: + ?l// ds Cl):l// gs
d
Vi = Ridy + 27V o OV
14 R I d
o = KL, + ;'// v — (0, — o)y ar
=R, I d
V., =R, q,+F‘/’d,+(wx—w)V/m-
“)
The stator and rotor flux are given as follows:
st = Ls]ds +Msr]dr
l// qs = L S I qs + M Sr I qr
l//dr = Lrldr +Msr1ds
W qr = L r I qr + M sr I qs (5)

where:
R,,R, L and L  are the resistances and inductances, respectively, of the stator and rotor windings, and

M is the mutual inductance .

ViV, Vo Vs 1,1, VY SN 7N 7 W s and Y, are the d and ¢ components of the stator and

rotor voltages , respectively, currents and flux where as (@ is the rotor speed in electrical degree .
The active and reactive powers at the stator side and rotor side of DFIG are defined as:

P=VI, +V I

qs*gqs

=V i -V.I
Qs I/qs ds Vds qs (6)

})r = Vdrldr + Vqr]qr
Qr = Vqudr _V I

dr” gqr
! (7
The electromagnetic torque is expressed as:
M
C em = P L_W ds I qr
: (®)
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Where P is the number of pole pairs.

d.  Converters Model

For the DFIG model presented in the Park model, we follow a continuous equivalent model of
converters in the Park reference [1], [29] to simplify the analysis of the complete power generation system.
The currents and voltages of RSC and GSC shown in Figure 2(d) are defined by the following Equations:

V rmd U V rd —reg

Vo 2 |V

rq —reg

©

L o=V y ]
m-mac — 2| ¥ rd-reg rq-reg || -

L,

(10)

where:

Voa s Vrmq I,y >l ©CXpress voltages and currents in Park model; and

Vrdfmg, qu%g: Express adjusted voltages in Park model.

3. Pl Algorithm for Wind Farm Supervision
The main objective of the PI regulator-based algorithm is to satisfy the system operator reference
operating set-point (Q,,. et Pur ey ). These values are compared with the active and reactive powers at

the point of common coupling (PCC)[17], and the difference in power is determined, which is distributed in
an identical manner( PWG%fﬂ. s Owe s of i ) between the wind generators of the wind farm. The following

Figure 3 presents the principle of this algorithm.
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Figure. 3. PI controller for wind farm supervision

where:
p,, :active power generated by wind farm

0,, : reactive power generated or absorbed by

A general block diagram for a PI control system is shown in Figure 4. The control signal U(t) is
generated from the error, E(t), as in (11):

U(t)=K,[E(t)+ l—jE(t)dx]
oK (11)
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The transfer function of the PI controller is defined by G.(s) as follows:

K.
G.(s)=K,+—
’ s (12)

where K , is the proportional gain and K, is the integral gain.

Figure 4. Block diagram of PI control system.

For the optimum performance of the control system, the PI controller gains, K ,and K, , are optimally

tuned by minimizing a performance index; Thereafter, this is selected to satisfy several control specifications,
such as [22]:

S@ = [0 Je@]+Wle,0hdtif e, 10 (3a)

0

j W |e(0)|)at otherwise (13b)

0

where (13b) is the weighted integral of absolute error (IAE) value, and the weighted absolute term in e, (t)

in (13a) is added to weighted IAE in order to avoid overshoot.

4. Performance of PSO and GA for Pl Controller Optimization
The PSO and GA methods are employed because of their effectiveness in solving optimization
problems. A brief review of these algorithms is presented in the following section.

4.1. PSO Algorithm

The particle swarm optimization (PSO Particle Swarm Optimization) is an evolution algorithm
which uses a population of candidate solutions to develop an optimal solution for such problem. This
algorithm was proposed by Eberhart and Russel James Kennedy [14]. It builds on the social behavior of
animals living in swarm, such as schools of fish and flock of birds. Indeed, one can observe in these animals
relatively complex motion dynamics, more details about PSO algorithm was described in [15], [16].

The use of this method in tuning PI regulator appear in some applications among them, an optimal
tuning PI regulator using PSO has been applied by Chien-Hung et al. [17] to perform the static synchronous
compensator (STATCOM).Experiment results under different loading conditions were used to proof the
effectiveness of the proposed control approach. In another study Hongqing et al. [18], an improved particle
swarm optimization is proposed for optimal Proportional-Integral-Derivative [PID] for monitoring water
turbine governor system. Authors in this work introduced the nominal average position of swarm beside the
individual best position and the global best position in IPSO. S. Bouallegue et al. [19] used PSO in order to
optimize a new PID-type fuzzy logic controller [FLC]tuning strategy , and for checking their results,they
have investigated the case of an electrical DC drive benchmark. M. Muhammad and T. Ali [20] studied the
optimization problem of dual axis solar tracker system with DC motor drive, and to tackle optimization
approach they have used PSO algorithm compared to firefly algorithm (FFA) and Cuckoo Search Algorithm
(CSA).H. Bevrani et al[21] presented a combination of the fuzzy logic and the particle swarm optimization
(PSO) techniques for optimal tuning of Pl-regulator-based frequency controllers in the AC micro grid
system. The performance of proposed intelligent control is compared with the pure fuzzy PI and Ziegler-
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Nichols PI control design methods. M. sayed et al [22] in order to control the boiler-turbine unit, authors
have taken a hybrid jump PSO algorithm for tuning gains of PI regulator, based on observing the local and
global best particles which are not improved in a predefined number of iterations and moving these particles
to a new best position.

4.2. Genetic Algorithms (GA)

Genetic algorithms theory (GAs Genetic Algorithms) was originally developed by John Holland in
1960-1970 period and has been fully elaborated in his book "Adaptation in Natural and Artificial Systems
such as inheritance, mutation, selection and crossover "published in 1975 [19]. Its main objective wasn’t the
development of an optimization algorithm, but rather the modeling process of adaptation, and shows how this
process could be useful within a computing system. A number of researches have used application of GA for
adapting PI controller such as:

T.jimene et al [23] in order to manage networks parameters in passive optimal networks have used
PID controller automatic tuning process with GA; obtained results show that the control strategy reduces
tuning time up to 64% compared to traditional methods as Ziegler Nichols (ZN) . h .M.hasanien and S.M
Moyen [2] treated the problem of using power conversion system unit in renewable energy ,energy storage
system, variable speed drives area, they introduced a cascaded control scheme based on four proportional
integral [PI] tuned by [GA], and compared with Taguchi approach under the grid fault condition. A.harrag et
al [3] used PID controller based on genetic algorithm to adjust a new modified Perturbation and Observation
(P&0O) maximum power point tracking algorithm with adaptive duty cycle. K. M. Elbzyomy et al. [4]
optimized PID controller parameters attached to electro-hydraulic servo actuator system (EHSAS) using GA
in order to control the angular position of the rotary actuator which control the movable surface of space
vehicles. F.daneshfor and H. Bevrani [5] propsed the tuning of PI regulator parameters using GA approach to
handle the load-frequency control(LFC) issue, which is the major subject in a power system.

5. RESULTS AND DISCUSSION

The wind farm model with three wind generators situated in different wind profiles (system data are
reproduced in the Appendix) is used to observe the behavior of this control algorithm using the
Matlab/Simulink tools. The block diagram of the control system with a PSO-PI and GA-PI controllers for
power distribution is shown in Figure 5.

To converge toward the optimal solution, the PSO, and GA algorithms must be guided by the cost
function. Hence, it should be properly defined before the PSO algorithm is executed. In the present study, the
used cost function (F) is defined by the following Equation [28]:

F - z e (D) + [es (1)

(14)

Optimisation
algorithmes

IK—K' Process R VE_mes
pl l I Ly toregulate >

b |

Figure 5. Block diagram of Tuning PI parameters with PSO and GA algorithms
for wind farm supervision.

When e, (i) is the trajectory error of i" sample for active power (PWF_ref - PWF) and e, (i) is the trajectory

error of i sample for reactive power (QWF_ref - QWF) . The region of the parameters to be optimized is set

Wind Farm Management using Artificial Intelligent Techniques (Boualem Benlahbib)
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as follows:
0<k,, k<10

For the PSO algorithm, the population size is set to 20 particles. The parameters ¢, c; and W are set
to 2.05, 2.05 and 0.7298, respectively. The maximum number of iteration # is set to 20 iterations.

For the GA algorithm parameters are selected as below:

Selection: normalized geometric selection

Crossover: arithmetic crossover

Mutation: uniform method

Population number: 20

Generation (iteration) number: 20

The same search interval and objective function as PSO algorithm.

First, the PI controller gains are adjusted manually. Thereafter, we perform an optimization process
using the PSO and GA methods. Figure 6 shows the cost function evolution during the optimization process
using PSO and GA. After 20 iterations, the PSO and GA converge to the optimal parameters.

Tables 1 and 2 show that all of these parameters obtained from both algorithms are different from
one another for the active and reactive power controllers. The simulation results of the controlled system with
the optimized PI are shown in Figures 7(a, b).The optimized PI controller by the PSO and GA methods are
also compared with the non-optimized PI for the active and reactive powers.

™o o oe

Figure 6. Evolution of the cost function (CF)

Table 1. Parameters PI controller obtained by different methods for active power

Method
Parameters Traditional method GA PSO
K, 0.1 1.812 0.5098
K; 2 6.649 10

Table 2. Parameters PI controller obtained by different methods for reactive power

method
parameters Traditional method GA PSO
K, 0.1 2.181 1.9648
Ki 2 2.674 4.1773

Figures 7(a, b) show that the optimized PI controller using the PSO method has better performance,
such as rapid response and trajectory tracking task, compared with the GA method and the non-optimized PI.

Figures 8 and 9 shows the entire wind farm with the active and reactive powers and distribution
order powers for each wind generators using the PSO-PI controller algorithm.

IJECE Vol. 7, No. 3, June 2017 : 1133 — 1144
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Figure 8. Simulation Results the centralized supervision of the reactive power [PSO-PI]
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Figure.9.Simulation Results the centralized supervision of the active power [PSO-PI]

6. CONCLUSION

In this study, different approaches for wind farm supervision were presented. We focused our study
on one of them which is based on proportional integral [PI] algorithm. In order to obtain the controller
parameters, the comparative study have been taken between PSO and GA methods. To verify the
effectiveness of the proposed methods, a model of the wind farm compound with three wind generators was
simulated using Matlab/Simulink. The simulation results show that the optimized PI controller tuned by the
PSO method exhibits better performance than the one tuned by the GA method and the non-optimized PI.

APPENDIX

Plant Parameters

1.5 MW Wind Turbine Parameters:

Rotor diameter: 35.25 m . blades Number: 3
Inertia: 1000 kg/m2

Air density p =1.22 kg/m3

1.5 MW DFIG Parameters :

R =0.012Q , R =0.021Q

L, =2.037.10e -4 H: L,=1.75.10e -4H
M, =0.035H: L =0.035+2.037.10e-4 H

L. =0.035+1.75.10 e-4 H

IJECE Vol. 7, No. 3, June 2017 : 1133 — 1144
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Friction coefficient of DFIG: £=0.0024 N.m.s/rd
Capacitors for DC Link:

C1=C2=4400 pf

Grid Parameters:

Phase voltage (rms): 690 V Frequency: 50
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