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Abstract: A wind turbine is already a fairly complex system with highly nonlinear dynamics.  Changes in wind speed can 

affect the dynamic parameters of wind turbines, thus rendering the parameters uncertain.  However, we can identify the 

dynamics of the wind energy conversion system (WECS) online by self organizing quasi-linear ARX radial basis function 

network (SOQARX-RBFN) model. The stability of the closed loop controller is guaranteed by the switching of the linear and 

nonlinear parts parameters. From the simulation results, it is observed that the proposed controller is effective to track 

maximum power of WECS. 
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1 INTRODUCTION 

There has been increased interest in wind energy since it 

is an environmentally friendly and renewable source of 

energy. With improved aerodynamic designs and 

sophisticated power electronic interfaces, wind turbines are 

capable of supplying a substantial amount of power. 

However, we can identify the dynamics of the wind energy 

conversion system (WECS) online by self organizing quasi-

linear ARX radial basis function network (SOQARX-

RBFN) model. [1][2][3] 

In this paper, we propose a SOQARX-RBFNN 

prediction model to estimate parameters of the input vector, 

and by applying the minimum variance control law, the 

estimated parameter is set as the controller parameters with 

switching law. The linear part parameters are used in the 

whole time, while the nonlinear part parameters work under 

switching function. The use of nonlinear parameters can 

improve the accuracy of control, but sometimes damage the 

control system, so that only the linear parameters are 

working. Nonlinear parameters will work until the system 

recovers. To begin, a SOQARX-RBFN model is used to 

identify a dynamic system online [4][5]. The network 

parameters are updated continuously in accordance with the 

sampling time. The trained network weights of SOQARX-

RBFN are used to estimate linear and nonlinear parameters 

by the next regression input. With a minimum variance 

controller law, the controller signal is calculated by using 

estimated linear and nonlinear parameters. The stability of 

the closed-loop control system is maintained by switching 

linear and nonlinear parts; switching to the nonlinear part 

maintains accuracy, while switching to the linear part 

guarantees stability. The SOQARX-RBFN can also be used 

to identify the linear system with more accurate results than 

those achieved by using the technique of recursive least 

squares error identification [1][6][7]. 

The contributions of this paper are: (1) a SOQARX-

RBFN is applied to model and predict WECS dynamics 

online with emphasis on the search parameters of the input 

vector; (2) with minimum variance controller law, a 

controller signal is derived by SOQARX-RBFN prediction 

model using linear and nonlinear parameters with the 

switching law. 

This paper is organized as follows. Section 2 introduces 

the SOQARX-RBFN prediction model. Section 3 

introduces dynamic modeling of WECS. Section 4 

describes numerical simulations to demonstrate the 

effectiveness of the proposed approach. Finally, Section 5 

presents the conclusions. 

2 DYNAMIC MODELING OF WECS 

A model for the entire WECS can be structured into 

several interconnected subsystem models as shown in Fig. 1. 

This system consists of aerodynamics, a drive train, and an 

induction generator (IG). Finally, there is the actuator 

subsystem that models pitch servo behavior. The IG turbine 

is the most important part of this system and hence its 

reliability must be guaranteed. The possible faults in this 

system include those of the generator speed sensor and 

rotational speed of the turbine. 

 
 

Fig. 1 Structural diagram of wind power system 

 

The power extracted from the wind can be expressed as [2] 
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𝑃𝑚 = 0.5𝜌𝜋𝐶𝑝(𝛾, 𝛽)𝑅
2𝑉3  (1) 

where  is constant for fixed pitch wind turbines, is given 

by=Rt/V, and Cp(, )is defined by the following 

relation[3]: 

 

(2) 

 

 

A typical Cp- curve is shown in Fig. 2. It can be seen that 

the maximum value of Cp (Cp(max) =0.45) is achieved 

for=0oand for =10.20. This particular value of is 

defined asthe optimal value of tip speed ratio (opt ). 

Normally, a variable speed wind turbine follows opt = opt 

V / R. 

 
Fig. 2 Power coefficient versus Tip Speed Ratio 

 

The drive train model consists of a low-speed shaft and a 

high-speed shaft having moments of inertia JT and JG and, 

respectively. Its model is given as 

 

 

(3) 

 

 

where the aerodynamic torque Tm is given by [4] 

 

(4) 

 

The generator torque Tg is a nonlinear function with the 

generator speed ωG and the reference electromagnetic 

torque Tg,ref  as a variable. The generator usually operates in 

the linear region of its torque characteristics, which can be 

approximated in linear form as 

Tg= BgωG − Tg,re f (5) 

The pitch actuator is modeled as a first-order dynamic 

system with saturation in the amplitude and derivative of 

the pitch β as [5][6]. 

 

(6) 

The control system acts to control blade pitch position in 

order to maximize the power extracted from the wind, with 

the reference electromagnetic torque Tg,re f  set as constant. 

The system parameters are given as follows [2]: 

Turbine and drive train parameters 

R=30.30m, Ks=15.66x105N/m, Bs=30.29x102N.ms/rad, 

Jt=83.00x104kg.m2 

Generator parameters 

Bg=15.99 N.ms/rad, Jg=5.9 kg.m2 

Pitch actuator 

τ=100 ms. 

3 SELF ORGANIZING QUASI-ARX-RBFN 

To control WECS, the controller is designed in two 

steps.  The first step involves the identification and 

prediction of WECS by using SOQARX-RBFN model, 

while the second involves deriving and implementing the 

control law based prediction model.  

3.1 System Identification 

Consider a single-input-single-output (SISO) nonlinear time 

invariant dynamical system with input-output relation as: 

 

(7) 

 

 

where y(t) is the output at the time t (t = 1, 2, ...), u(t) is the 

input, d is the known integer time delay, φ(t) is the 

regression vector and n, m are the system orders. g(·) is a 

nonlinear function and at a small region around φ(t) = 0, it 

is C∞ continuous. The origin is an equilibrium point, then 

g(0) = 0. As described in [8], a quasi-linear ARX model is 

constructed in two steps. In the first step, a macro-model is 

derived, which serves as a useful interface to introduce 

some properties favorable to specific applications, while the 

system complexity is embedded in the coefficient vector 

which is unknown nonlinear function of regression vector. 

In the second step, a flexible nonlinear nonparametric 

model such as RBFN is used to parameterize the coefficient 

vector.  

 

 

 

 

 

 

 

 

 

 

 
In a similar way to linear case [9], we can derive a 

predictor expression for the system 
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The proposed SOQARX-RBFN model for identification 

approach is summarized in six steps [7]: 

Step 1) Set a proper initial value of the number of RBF 

node, M, and predetermine the parameter sets of RBF nodes. 

Step 2) Estimate the linear parameter vectors of Ɵ and 

ʘ by using the iterative algorithms. Check the performance 

of the quasi-linear ARX RBFN model. If it needs further 

structure optimization, go to Step 3, otherwise stop. 

Step 3) Compute the active firing rate Afk for each RBF 

node. The RBF nodes with active firing rate larger than an 

activity threshold will split into multiple RBF nodes. Check 

the value of Afk, if there is Afk > Af0, go to Step 4), 

otherwise go to Step 5). 

Step 4) Carry out RBF node split for the RBF node k 

when Afk > Af0 (k=1,2,...,M): the old k-th RBF node will be 

deleted and new RBF nodes will be inserted. After 

completing all RBF node splits, update the number of RBF 

node, M, and the parameter sets of RBF nodes, and go to 

Step 5. 

Step 5) Compute the mutual information between the k-

th RBF node and the corresponding output nodes, m(Qk).  

The RBF nodes with mutual information smaller than a 

threshold m0, (0 < m0 < 0.05) will be deleted. Check m(Qk), 

for all k, if there is m(Qk)<m0, go to Step 6). Otherwise, go 

back to Step 2). 

Step 6) Carry out RBF node deletion for the RBF node k 

when m(Qk)<m0 (k=1,2,...,M). Delete the k-th RBF node as 

well as all connections between the node Qk and the 

corresponding output nodes, and update the remaining 

RBFN parameters in the following way. Find the RBF node 

k' which has the minimal Euclidean distance to the k-th 

RBF node. After completing all RBF node deletions, update 

the number of RBF node, M, and the parameter sets of RBF 

nodes, and go to Step 2. 

3.2 Control Strategy 

A SOQARX-RBFN model is improved to guarantee closed 

loop stability of control system expressed as 

                                      (28) 

where 

 

                                            (29) 

 

 

Consider a minimum variance control with the criterion 

function as follows: 

                                        (30) 

where y*(t) is a known bounded reference output. The 

optimal control law minimizing (18) is: 

 

                                       (31) 

Then corresponding to the predictors (28)-(29), we can 

obtain the following controllers: 

                                            

(32) 

 
and two others C1 and C2 corresponding to the extreme 

cases of μt = 0 and μt = 1, respectively 

 

 

                                            (33) 

 

 

4 NUMERICAL SIMULATIONS 

Simulations were performed in MATLAB using the 

nonlinear model provided in Section 2. In this section, 

simulation compares the results of the proposed algorithm 

with the previous algorithm [1] subject to parameter 

uncertainty and disturbance. The simulation data represent 

a wind turbine with three blades, a horizontal axis, and 

variable speed. The proposed controller for the WECS is 

tested for random variation of wind speed as shown in Fig. 

3 to demonstrate the effectiveness of the proposed 

algorithm. To compare the results of the proposed 

algorithm with the previous algorithm [1], system response 

is studied for case of small disturbance. 

 
Fig. 3 Wind speed 

The rotor speed for the capture of maximum power from 

the wind turbine is shown in Fig. 4 (solid line). It is clear 

that the dashed and dotted curves in Fig. 4 which represent 

the actual rotor speed for proposed algorithm and the 

previous algorithm, respectively, coincide with the solid 

curve. Rotor speed tracking errors for the two algorithms 

are shown in Fig. 5.  

To compare the results of the proposed algorithm with 

those of the previous algorithm [1], we studied the response 

of the system subject to small disturbance (10% of wind 

speed). It can be seen that the proposed SOQARX-RBFN 

controller can fully control the plant throughout the entire 
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range of wind velocities tested, in comparison to the 

previous algorithm which failed to provide adequate 

responses. 

 
Fig. 4 Rotor speed tracking of the proposed algorithm 

(dashed line) and the previous algorithm [1] (dotted line) 

 
Fig. 5 Rotational speed tracking error of the proposed 

algorithm (dashed line) and the previous algorithm [1] 

(dotted line) 

Moreover, the rotor speed tracking error is smaller with the 

proposed algorithm, compared to the previous, as shown in 

Figs. 5. 

5 CONCLUSIONS 

This paper presents an adaptive controller using 

prediction model of SOQARX-RBFN. Based on the result 

of simulation, a minimum variance controller based on 

QARXNN prediction model is effective to track MPPT of 

the WECS. The proposed method is executed step by step 

as follows: (1) wind speed dynamic model is adopted bases 

autoregressive moving average model by generating a 

random signal; (2) the principles of dynamic modeling of 

WECS is derived with given parameters where the 

maximum energy that can be extracted of wind power is 

influenced by wind speed and pitch of the blades; (3) The 

dynamic of WECS is simulated and identified online using 

quasi-ARX neural network model. The next input 

regression vector is the input for an embedded system of 

MLPNN to estimate parameters that is used directly as 

controller parameters. The controller works under switching 

law to guarantee closed-loop stability. Finally, the control 

performance has been confirmed by a simulation and 

experimental results. The main contributions of this study 

are: 1) the successful development of nonlinear dynamics 

of WECS modeling bases wind speed dynamic of ARMA 

model with generating a random signal; 2) the successful 

application of the SOQARX-RBFN prediction model to 

predict WECS online; 3) the successful application of 

switching controller based SOQARX-RBFN to track MPPT 

of the WECS. 
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