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Abstract—When the wind speed is above the rated value, the 
traditional control strategy is variable pitch control, and the 
control method is PI control. However, variable pitch wind 
turbines have strong nonlinear characteristics due to the 
natural wind which random changes with time and space. 
For the pitch angle control agencies in the large wind 
turbines, the bp neural network controller is designed and 
the controller of the FPGA-based hardware problem is 
discussed. The analysis of the neural network controller 
features reconstructed is presented by its three major 
reconfiguration units. The controller can be established 
based on the SG/Simulink. The simulation results show that 
the FPGA-based neural network controller can keep the 
constant output of wind turbine power, the working 
efficiency of the variable pitch servo system is improved , 
and a better idea is provided for the hardware 
implementation of the neural network in the wind energy 
conversion system. 
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I. INTRODUCTION 

The energy provided by wind has been gradually 
increased. Since the 1990s last century, the global wind 
power industry has developed rapidly[1], wind energy has 
been gradually applied to many fields, for example, 
irrigation, navigation, grinding, city power supply. There 
are many maximum power point tracking (MPPT) control 

methods for maximizing the power[2]. However, these 
methods still have shortcomings. 

Neural network control technology is widely used 
because of its advantages in dealing with nonlinear and 
uncertain, and RBF network is gradually applied to the 
field of wind power control[3-5]. The bp neural network is 
one of ann’s common control method. It is often difficult 
to establish an accurate plant model in industry, a unique 
choice is provided by the bp neural network control to 
deal with the unknown dynamic of nonlinear systems, and 
it has provided an effective solution to solve maximum 
power point tracking problems. 

Model of wind turbine based on DFIG is built in this 
paper, and the blade pitch angle controller for the wind 
turbine is designed, the controller with 1-3-1 BP neural 
network and the reconfiguration of the neural network are 
analyzed, the research results are given by the platform of 
the control system for wind turbine based on FPGA.  

II. BLADE PITCH ANGLE CONTROLLER WITH NEURAL 
NETWORK 

 

A. Model of DFIG-based Wind Turbines  

As is shown in the Fig .1, structure for DFIG-Based  
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wind turbine include wind wheel, gear box, wind 

generator, AC/DC convertor, grid, etc[6-9]. 
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Where, wtP  is power of wind wheel, wtG is torque of 

wind wheel, CG is torque coefficient, l is tip speed 

ratio, b  is blade pitch angle, R  is radius of wind 

wheel, r is density of air, v  is wind speed. 
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Figure 1. Structure for DFIG-Based Wind Turbine 

 
Model of DFIG generator can be expressed as 

equation(5): 
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Where, Sdi  is the stator current of q-axis, Sqi  is the stator 

current of d-axis, Rdi  is rotor current of q-axis, Rqi  is 

rotor current of  d-axis. 
SdV  is the stator voltage of d-axis, 

SqV  is the stator voltage of q-axis, 
RdV  is the rotor voltage 

of d-axis, RqV  is the rotor voltage of q-axis. 
SL is the 

stator inductance, 
RL  is the rotor inductance,

mL is mutual 

inductance of stator and rotor.
SR  is rotor resistance,

RR  is 

stator resistance. Sw is synchronous speed of stator, 

p hnw = W is electric angular velocity of rotor, pn  is 

motor pole pairs, 
hW  is rotor speed. 

B. Neural Network Controller 

Reconfigurability is defined as that computing 
system can use reusable hardware resources at the 
hardware level, according to different application 
requirements, the architecture of which can be flexiblely 
changed. Reconfigurability of BP neural network 
includes structure reconfigurability and learning algorithm 
reconfigurability. BP network algorithm design is divided 
into three main steps: 

 
1. Forward propagation: 
 

The input layer of BP network can be expressed as:  
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k

ix  is the output of i-th neuron in k-layer, k

ijw  is the 
weights from i-th neuron in k-layer to j-th neuron in k-1 
layer.  

 
2. Error back propagation: 
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3. Weight updating: 
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Where,  is learning rate, 0< <1. Input of  is 1. 

C. Constant Power Control based on Neural Network  

Instability of output power of the wind turbine is 
caused by the randomness of wind speed, the time-varying 
property of wind turbine parameters and the nonlinearity 
and time lag of systems[10-12]. At this point, adjusting the 
power output of the wind turbine to maintain constant is 
essential. The neural network controller of blade pitch 
angle is designed to regulate stable power output of the 
wind turbine in this section.  
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As is shown in the Fig .2, the structure of neural 
network controller for blade pitch angle is given, the 
reference input 

arP  is reference value of wind turbine 
power, the error between reference power value 

arP  of 
wind turbine and actual power value 

aP  of wind turbine is 
e , which is the input of the neural network controller, and 
the output of neural network is 

ref ,which is taken as the 
input of variable pitch servo on the wind power system. 
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Figure 2. Neural Network Controller for Blade Pitch Angle  
 

III. SIMULATION RESULTS 
 

As is shown in the Fig .3, platform of xilinx system 
generator for NN controller of DFIG-Based wind turbines 
is given, the platform include wind module, wind turbine 
module, neural network module, etc. 

 

Figure 3. Platform of Xilinx System Generator for NN 
Controller of DFIG-Based Wind Turbine 

 
As is shown from Fig .4 to Fig .7, we can see that: 

waveform of the output power of NN control in Fig .7 is 
more stable than that with PI control in Fig .6; the variable 
pitch servo has high work efficiency with NN control in 
Fig .5 than that with PI control in Fig .4. 

    
0 10 20 30 40 50

0

5

10

15

20

25

30

Time/s

P
it
c
h
 A

n
g
le

/d
e
g
re

e

 

Figure 4. Waveform of the Pitch Angle of PI Control 
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Figure 5. Waveform of the Pitch Angle of NN Control 

0 10 20 30 40 50
0

0.5

1

1.5

2

2.5

3

Time/s

O
u
tp

u
t 
P

o
w

e
r/

M
W

 
Figure 6. Waveform of the Output Power of PI Control 
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Figure 7. Waveform of the Output Power of NN Control 
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CONCLUSION 
 

In this paper, a new type of neural network control 
method is designed for variable-pitch wind turbines. 
Firstly, the model of variable-pitch wind turbines is built 
up. Secondly, constant power control method based on 
neural network is designed for the wind turbine, as neural 
network control methods have strong nonlinear fitting 
capability, and its reconfigurable learning rules are simple 
for computers to realize. Finally, the results show that the 
control method proposed can keep output power more 
stable, it is a new ideal for the neural network application 
in the wind power field. 
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