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Abstract.  the use of wind energy in water pumping is an economically viable and sustainable solution to rural communities without access to the 
electricity grid. The aim of this paper is to present a detailed modeling of the wind-powered pumping system, propose and compare some control 
schemes to optimize the performance of the system and enhance the quality of the generated power. The wind energy system used in this paper 
consists of a permanent magnet synchronous generator (PMSG) and static converters directly coupled to an asynchronous motor that drives a 
centrifugal pump. A typical control is applied to the proposed configuration for the purpose of controlling the generator to extract maximum wind 
power. Furthermore, four types of controllers (PI and conventional RST polynomials, adaptive RST-fuzzy and genetic algorithm are designed for the 
wind energy system and tested under various operating conditions.          
 
Streszczenie.  wykorzystanie energii wiatru w pompowaniu wody jest opłacalnym i zrównoważonym rozwiązaniem dla społeczności wiejskich bez 
dostępu do sieci elektrycznej. Celem tego artykułu jest przedstawienie szczegółowego modelowania systemu pompowania napędzanego wiatrem, 
zaproponowanie i porównanie niektórych schematów sterowania, aby zoptymalizować wydajność systemu i poprawić jakość generowanej mocy. 
System energii wiatrowej zastosowany w tym artykule składa się z synchronicznego generatora z magnesami trwałymi (PMSG) i przekształtników 
statycznych bezpośrednio sprzężonych z silnikiem asynchronicznym, który napędza pompę odśrodkową. Typowe sterowanie jest stosowane do 
proponowanej konfiguracji w celu sterowania generatorem w celu wydobycia maksymalnej energii wiatru. Ponadto cztery typy sterowników (PI i 
konwencjonalne wielomiany RST, adaptacyjny algorytm rozmytego RST i genetyczny) są zaprojektowane dla systemu energii wiatrowej i testowane 
w różnych warunkach pracy). Optymalizacja i adaptacyjne sterowanie system,u pompowania wody wspomaganego elektrownia wiatrową 
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Introduction 
In recent years, wind energy has become an 

increasingly attractive source of renewable energy. While 
wind energy is a clean and environmentally friendly source 
of energy, it is an efficient and reliable technology for 
generating electricity in remote off-grid locations. This would 
ultimately improve the quality of life of our natural sources 
[1, 2]. In this context, our application aims to make good 
use of wind energy for supplying a water pumping system 
which is particularly useful in rural areas where access to 
electricity would require a substantial investment. 

In fact, the realization of reliable and efficient wind 
pumping systems offers a practical and economical solution 
to the problem of lack of water in the desert regions. 

These systems are used with alternating current (AC) 
motors and connected through a charge controller or 
inverter [3]. 

The permanent magnet synchronous generator is 
characterized by high torque density, low inertia and low 
inductance. All these features provide the high performance 
synchronous generator with high efficiency and 
controllability, a wind turbine (WT) converts mechanical 
energy into electrical energy and produces an AC output 
voltage that is converted to a DC output using a rectifier. 
The constant DC link voltage is given to the input of the 
inverter, into the desired alternating current for the expected 
output voltage. 

The purpose of this article is to present a complete 
model of the proposed wind energy-based pumping system 
and propose control strategies to optimize the power 
produced [1, 4, 5]. The proposed control strategies for the 
PMSG-based wind energy conversion system include a 
proportional-integral (PI), polynomial pole-placement RST 
controller, adaptive fuzzy logic-based RST controllers and 
genetic algorithm optimized RST controller. A 
comprehensive comparison of these controllers is also 
presented to demonstrate the superior performance and 
robustness of the proposed controllers and the limitations of 

the fixed parameters conventional PI controller for this 
application.  

The paper is organized as follows: The description of 
the wind generator system and centrifugal pump model is 
presented in Section 2. In Section 3, description of the flux 
oriented control. In Section 4, the proposed RST-Fuzzy and 
RST-Genetic control scheme of the wind system and 
simulation results is presented in Section 5 to demonstrate 
the performance of the proposed system. 

 
Description of the wind generator system 

The overall system is shown in Fig.1. The wind 
generator consist of a variable speed turbine coupled 
directly to a permanent magnet synchronous generator 
connected to a DC bus through a PWM power converter. 

 
Fig.1. Configuration of PMSG-based wind turbine water pumping 
system 

 
Wind turbine model 

The turbine power and torque developed are given by 
the following relation [8, 10]: 
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whereλdenotes the ratio between the turbine angular speed 
and the wind speed. This ratio is defined as the tip speed 
ratio and is given as: 

(3)                                 
ΩR

λ=
v

 

Where ρ is the air density, R is the blade length, ν is the 
wind speed, Cp is the power coefficient, Ω is the turbine 
angular speed. 

The power coefficient (Cp) represents the aerodynamic 
efficiency of the turbine and depends on the specific speed 
λ and the angle of attack of the blades. It differs from one 
turbine to another, and is usually provided by the 
manufacturer [11]. 

 
Permanent magnetic synchronous generator 

A detailed model of the PMSG generator drive system is 
required for a complete and proper simulation of the system 
[6]. The dynamic model of the PMSG can be represented in 
the rotating reference frame with the following equations: 

(4)  
. . . . .
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The electromagnetic torque in the rotor can be written 
as:  

(5)  
3

. .[( ). . . ]
2 d q d q m qCem P L L I I If= - +  

In a cylindrical rotor is assumed then Ld ≈ Lq and hence 
the above equation reduces to: 

(6)  
3

. . .
2 m qCem P If=  

Where P is the number of poles, Фm is the magnetic flux, 
Ld is the direct axis inductance, Lq is the quadrature 
inductance, Rs is the resistance and w is the rotor speed of 
the generator [7]. 

 
Centrifugal pump model 

Any pump is characterized by its absorptive power 
which is obviously a mechanical power on the shaft coupled 
to the pump, which is given by [12, 13]. 

(7)  gHQ
P




  

(8)  Pu

P
   

The final torque equation: 

(9)  2 2
pump 1 2 3T K n K nQ K Q    

Where n denotes the rotational speed of the pump shaft 
(rad/s), ρ is the Water volumic mass (Kg⁄m3), Q represents 
water flow (m3 ⁄s), K1,K2,K3 are coefficients given by the 
manufacturer, H is the height of rise (m) and g represents 
the acceleration of gravity (m2/s). 

 
Flux oriented control 

The principle of this control is to reduce the 
electromagnetic torque equation of the machine in order to 
be comparable to that of a DC machine. The transient 
torque is expressed in the reference d, q as a cross product 
of currents: 

(10)  . .( )dr qs qr ds
r

M
Ce P I I

L
f f= -  

From equation (10), it can be seen that if one eliminates 
the second product (φqr, Ids), the torque will be similar will be 

very much like that of a DC machine. To do so, the dq 
reference is orientated so as to cancel the component of 
flux in quadrature. That is to say, a proper rotation angle 
must be selected so that the rotor flux is entirely aligned 
with the direct axis (d) and therefore  φqr= 0. Thus φr = φqr 

must hold. 

 
 

 

Fig.2. Principle of vector control. 
 
The torque is then given by: 

(11)  . . r qs
r

M
C e P I

L
f=  

It should regulate the flow by acting on the component 
of the stator current ids and it regulates the torque acting on 
the component Iqs. Figure 2 summarizes this regulation 
because it shows a diagram of vector control of induction 
motor with speed control and regulation of the two currents 
ids and Iqs. We then have two action variables as in the 
case of DC machine. One strategy is to let the constant 
component ids. That is to say, to fix its reference so as to 
impose a nominal flux in the machine. The current controller 
handles Ids* to maintain the current ids constant and equal 
to the reference Ids* (Ids = Ids Reference). If you want to 
speed up the machine, thus increasing its speed, it requires 
a reference current Iqs* positive. The current controller Iqs 
will impose the reference current to the machine [16, 17].  

 

 
 

Fig.3. Speed control of induction motor in FOC. 
 

Controllers design 
RST-Fuzzy adaptive control 

The order of the polynomials R, S and T which form the 
controller are determined based on the degree of the 
transfer function of the open-loop control system, they are 
calculated using the pole placement strategy [18] [19]. 

The proposed adaptive fuzzy RST control scheme is 
illustrated in Fig. 4. 

The transfer function of the system is written as follows: 

(12)  .
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Since the design regulator is strictly proper, then if A is a 
polynomial of degree n, the following must hold: 

(13)  
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Fig.4. Structure of the adaptive fuzzy RST control scheme. 
 
The transfer function of the mechanical part is given by : 
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If the polynomial T in this case is fixed at a constant 
value, then we have [20]: 
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 The Bezout equation (18) has four unknowns where 
the coefficients of polynomial D are linked with the 
coefficients of polynomials R and S by the matrix system: 
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Solving this equation gives:  
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According to the robust pole placement strategy, the 
polynomial D (s) is written as follows: 
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Where Tc and Tfas are selected as follows: 
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To adjust the coefficients of RST, a fuzzy system is 
added so that RST coefficients are obtained which depend 
on the output of this system, see Fig.6. 

The membership functions in the fuzzy part have a  
triangular shape as shown in the following Fig.5[9]: 

 
Fig.5. Membership functions of the fuzzy variable. 

 
From a study of the behavior of the system, we can 

establish the control rules, which connect the output which 
is the control law with the inputs which are the error of the 
speed and its variation. Each of the two language inputs of 
the fuzzy controller has five fuzzy sets, giving a set of 
twenty-five rules. These can be represented by the 
following inference matrix: 
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Table 1. Rule base of the fuzzy controller. 

 
A block diagram of the adaptive fuzzy RST control is 

shown in Fig.6. 
 

 
 

Fig.6. Structure of the adaptive RST-Fuzzy control. 
 

RST control based on genetic algorithm optimisation 
The RST-GA is used to control the direct and 

quadrature rotor currents as illustrated in Fig.7. [14, 15]. 
 

 
 

Fig. 7. Structure of the RST controller based on genetic algorithm. 
 

The GA operations of selection, crossover and mutation 
are described by the flowchart of Fig . 8. 

 
Table 2. GA parameters used in the model 

Population size 80 
Variable bounds [0 100;0 100] 

Max N° of generation 100 
Tolerance 1e-6 

Performance index/  
fitness function 

Mean square error 

Probability selection 0.095 
Crossover method Arithmetic crossver 
Mutation operator Multi Non uniformly 

distributed 
Probability of mutation 0.18% 

 
 

Fig.8. Flowchart of the GA optimization technique. 
 

The GA parameters used in this work are listed in Table 2. 
 

Simulation results 
The variable wind speed profile used in these simulations is 
shown in Fig. 9. It varies between a minimum value of 7m/s 
and a maximum value of 13 m/s. 

 
 

Fig.9. Wind speed profile. 
The proposed system is simulated in MATLAB/Simulink 

environment using SimPowerSystem (SPS) blockset. 
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Fig. 10. System performance under random wind speed using an 
RST controller. (a) rotational speed (rad / s), (b) mechanical torque 
(Nm), (c) electromagnetic torque (N. m), (d)direct stator current 
(A),  and (e) quadratic stator current (A). 

 

 

 

 

 
 
Fig.11. System performance under random wind speed using an 
genetic RSTcontroller. (a) rotational speed (rad / s),(b) mechanical 
torque (Nm), (c) electromagnetic torque (N. m), (d)direct stator 
current (A),  and (e) quadratic stator current (A). 

 

 
 

 

 

 

 
 
Fig. 12. System performance under random wind speed using a 
fuzzy RSTcontroller. (a) rotational speed (rad / s), (b) mechanical 
torque (Nm), (c) electromagnetic torque (N. m), (d)direct stator 
current (A),  and (e) quadratic stator current (A). 

 
 

(a) 
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Fig. 13. System performance under random wind speed using a 
RST, RST-Genetics and RST-Fuzzy controllers (a) rotational 
speed  (rad / s), (b) mechanical torque (Nm), (c) electromagnetic 
torque (N. m), (d)direct stator current (A),  and (e) quadratic stator 
current (A). 
 

The performance of the control strategies “RST” “RST-
GENETIC” and “RST-FUZZY” has been investigated as 
illustrated in Fig. 13. 

This figure comprise five sub figures for each controller 
as (a) rotationnal speed; (b)  mecanical torque, (c) 
electromagnetic torque ; (d) direct stator current, and (e)  
stator current. As depicted from these figures, the proposed 
control strategy “RST-FUZZY” has a better and enhanced 
response. The oscillations in the system states have been 
considerably reduced for the proposed control strategy 
“RST-FUZZY” as compared to both the polynomial RST and 
the RST-GENETIC control strategies, respectively. 

It is observed that the speed of rotation is totally 
confused with the optimal reference speed after a very short 
time for the three MPPT algorithm, the variations of the 
speed of the generator are adapted to the variation of the 
speed of the wind, thanks to the absence of winding (the 
inductance increases the time of response) at the rotor 

level, which makes it perform better compared to several 
types of generators. 

Figures (13.d) and (13.e) show that the torque is the 
current image iq, tending that the current id carries the 
value almost Zero, thus the decoupling is assured and 
therefore a good operation of the vector control. 

It can also be seen from these figures that the curves of 
the various quantities present oscillations for the RST and 
RST-GA algorithms. On the other hand the algorithm MPPT 
with the fuzzy logic presents good results and without 
oscillations 

In addition to this, strategy “RST-FUZZY” proves to be 
most significant in tracking the system states, for both the 
lower and the higher wind speeds, subjected to the random 
variation of the wind speed. 

 
Conclusion 

In this article. The aim of this work is to study and realize 
by the numerical simulation an adaptive RST-fuzzy and 
genetic algorithm for to the optimization of a wind pumping 
system. We used fuzzy logic and genetic algorithm for the 
design of the optimisation mechanism and the internal loop 
regulator. 

The performance of the adaptive RST fuzzy logic and 
genetic algorithm RST optimization has been tested and 
compared with the conventional MPPT in order to show the 
limit of the latter with robustness tests. 

The simulation model was developed in the Matlab / 
Simulink environment and the simulation results prove the 
controllers' effectiveness in terms of dynamic performance 
for different operating conditions, disturbance sensitivity, 
optimization and robustness. 
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