
Abstract 
 This paper presents a simulation model based on support vector 

regression (SVR) for flicker emission estimation from wind 
turbines. Training patterns are developed by varying the wind 
speed and network parameters that might affect the expected 
flicker levels. A comparison is done to the fixed speed wind 
turbine (WT), which leads to a conclusion that the factors 
mentioned above have different influences on flicker emission. 
The simulation results have shown that the flicker estimation is 
performed accurately. 

1. Introduction 

Recently, wind power generation has developed quickly 
throughout the world. As the wind power penetration into the grid 
increases very fast, the influence of wind turbines leading to 
flicker emission becomes an extremely important issue. Flicker 
emission can be a limiting factor for integrating wind turbines into 
weak grids as well as into strong grids where the penetration levels 
of wind power are high.                                                           

Load flow variations in the grid cause voltage fluctuations 
which are called a flicker. Grid-connected wind turbines often 
produce considerable fluctuations in output power due to wind 
speed variations, the wind gradient, tower shadow and wind shear 
effects [1].  As a result, an output power drop will occur three-
times per revolution for a three-bladed wind turbine. This 
frequency is called the 3p frequency. The power pulsations of 
fixed-speed wind power generators up to one-fourth of the average 
power at the frequency of 3p will be generated [1].  

During continuous operation, many factors affect flicker 
emission of grid-connected wind turbines, such as wind 
characteristics (e.g., wind speed mean value and turbulence 
intensity) and grid conditions (e.g., short-circuit capacity and angle 
of grid impedance) [1], [2].  

Different methods may be assessed by the direct measurement 
using a flicker meter which complies with various specification 
standards [3]. However, at the design stage or before the 
installation of a WT or wind farm or an expansion of wind farm 
system, predicting the expected flicker is really necessary to 
minimize the flicker emission level during the system operation. 
For this purpose, suitable simulation models of WT and grid have 
been developed and applied, both in the time and frequency 
domains [4], [5].  

In recent years, an intelligent estimation theory as SVR has 
been applied to various areas such as wind speed estimation, 
current estimation to predict the system output to the input values 
with a high accuracy [6], [7].  This paper presents the estimation 
of the flicker induced by the operation of grid-connected wind 
turbines by using SVR. The factors that affect flicker emission of 
wind turbines, such as wind characteristics (mean speed and 
turbulence intensity) and grid conditions (short-circuit capacity 
and grid impedance angle) are analyzed. Simulation studies are           

 
Fig. 1.  Block diagram of grid-connected fixed-speed wind turbines. 
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Fig. 2. Wind speed simulator. 

and grid impedance angle) are analyzed. Simulation studies are 
carried out using both the PSCAD/EMTDC software and Matlab 
program to obtain the short term flicker severity. 

2. Wind Turbine Modeling 

The configuration diagram of wind turbine connected to the grid 
is shown in Fig. 1. The aerodynamic model of wind turbine can be 
characterized by well-known ( )bl,pC  curves [8]. pC is a power 
coefficient, which is a function of both the tip-speed-ratio l  and 
the blade pitch angle b . The tip-speed-ratio l  is defined as 

                            
wV
R×

=
wl                                              (1) 

where R is the radius of the blade [m],w  is the wind turbine rotor 
speed [rad/s], and wV is the wind velocity [m/s]. 
   The mechanical power that the wind turbine extracts from the 
wind is expressed as [8] 

                  ( )blr ,.
2
1 3
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where r is the air density [kg/m3 ] and 2RAr p= is the area swept 
by the rotor blades [m2]. 
  The wind speed variation can be modeled as a sum of harmonics 
for analysis as shown in Fig. 2. The wind speed is modeled as [8]. 
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where )(tu is the instantaneous wind speed at time t, wV  is the 
mean value of the wind speed, N is the number of harmonic 
samples, iw  is the harmonic frequency, and iA  is the harmonic 
amplitude. 

Torque produced by a mean wind speed, tT , may be expressed as 

                              ( ) 23 ,5.0 wpt VCRT ×= blr                                (4) 
   The fluctuating components due to tower shadow and wind shear 
effects must be superposed. The torque produced by each blade, 

iT , can be expressed as 
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                              shadowshearti TTTT ++=                          (5) 

where shearT , shadowT are the torque fluctuation produced by wind 
shear and tower shadow, respectively [2].  

3. Flicker Measurement 
 According to standard IEC 61000-4-15 [3], a flicker meter 

model has been built to calculate the short-term flicker severity stP . 
The flicker meter architecture is described by the block diagram 
shown in Fig. 3 and can be divided into two parts, each performing 
one of the following tasks: 

- Scaling the input voltage and simulation of the response of 
the lamp-eye-brain chain; 

- Online statistical analysis of the flicker signal and 
presentation of the results. 

The first task is performed by blocks 2, 3, and 4 in Fig. 3 while 
the second task is accomplished by block 5. 
   Applying the SVR to estimate the flicker, the identification of 
physical parameters is extremely important because it might affect 
the flicker emission of a given wind turbine. These physical 
parameters are the training inputs to SVR. To estimate the flicker, 
the training samples for input and output, the radial basis 
function( RBF) as a kernel function with parameters ε, σ, and C 
are usually selected based on a priori knowledge or expertise. 
Thereafter, Lagrange multipliers ( )*

ii aa -  are decided by using 
Matlab. 
   To ensure the ability of estimating the flicker severity correctly, 
each parameter of the training set comprises the range of 
variations of the input parameters for the specific operating 
conditions and the flicker severity index stP  is calculated, as 
depicted in Fig. 4. Fig. 5 shows the wind speed for WT with the 
mean value at 11m/s.The range of parameter variations for each of 
four input parameters and base cases considered is shown in Table 
I and II.  

The varying wind speeds result in the variations of the reactive 
power at the point of common connection (PCC), and therefore the 
fluctuations of the voltage at point PCC shown in Fig. 6 and Fig. 7. 

4.  Study  Results 
4.1 Mean Wind Speed 

 In Fig. 8, when wind speeds are increasing, the flicker 
emission also goes up. The flicker level begins to increase quickly 
at wind speeds from 8 m/s to 12 m/s. The instantaneous power will 
fluctuate around the rated value of the power at high wind speeds 
due to gusts and the speed of the pitch mechanism. Changes at 
wind speed of 1 m/s may give power fluctuations with a 
magnitude of 20%, which induces high flicker levels. As a result, 
as can be seen in Fig.6, RMS voltages at PCC also fluctuate.  
 In the case of high wind speed, variations in the wind speed 

will also cause power fluctuations but with a smaller magnitude in 
comparison with a pitch-controlled turbine [1]. 

 As shown in Fig. 7, in the case of low wind speeds (less than 8 
m/s), the flicker index is very low due to a small output power. 
Then this index increases with an approximately linear relation to 
the mean wind speed due to an increase of the turbulence in the 
wind, until it reaches a peak value of 12 m/s. For higher wind 
speeds, where the wind turbine reaches rated power, the flicker 
level decreases. 

4.2 Turbulence Intensity 
The flicker level goes up linearly with the increase of the 

turbulence intensity. The stP  has almost linear relation with the 
turbulence intensity in low wind speeds (e.g., 8 m/s) as shown in 
Fig. 8. 

The more turbulence in the wind is, the larger flicker emission is. 
When the turbulence intensity increases, the wind speed changes 
considerably which results in a large variation of output power. As 
a consequence, the flicker emission becomes serious. 

Table I Wind speed  

Input parameters Base case Range of variation 

Mean wind speed  ( Vw) 11m/s (4 – 18)  m/s 

Turbulence intensity ( In) 0.1 0.02 – 0.3 

Table II Network parameters 

Input parameters Base case Range of variation 

Grid short circuit capacity ( Ssc) 10MVA (4 – 20)  MVA 

Grid impedance angle  ( φth) 60 degree (10 – 90) deg 

 
Fig. 3. Block diagram of the flicker meter model 
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Fig. 4. Flowchart of flicker estimation 
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4.3 Short Circuit Capacity  
Fig. 9 demonstrates the relationship between the short-term 

flicker severity stP and the short circuit capacity scS . As the short 
circuit capacity ratio becomes bigger, the grid-connected wind 
turbines will be stronger. As expected, the wind turbine would 
produce larger flicker in weak grids than in stronger grids. 

4.4 Grid Impedance Angle 
The voltage change in a power line may be approximately 

calculated based on the following formula [9]:  

                        ( ) ( )
V

lxQlrP
V 00 ×+×
=D                           (6) 

where P and Q are the active and reactive powers flow on the line 
respectively, 0r , 0x  are the resistance and reactance per unit 
length, respectively, V is the voltage at the line terminal, l is the 
length of the transmission line. 

The determining factor for flicker is the difference between the 
grid impedance angle thj  and the power factor angle j that are 
defined as 

                                
R
X

th =jtan                                       (7) 

                                 
P
Q
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Equation (6) can be written as 

               ( ) ( )
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 When the phase ange difference ( )thjj -  reaches 90 degrees, 
the voltage change becomes zero. Hence, the flicker emission is 
minimized. Normally the fixed speed wind turbine absorbs 
reactive power from the grid while it is generating active power.  
 For the operating condition considered here to fixed-speed wind 

turbines, the minimum flicker emission occurs at a grid impedance 
angle between 75 to 85 degrees as shown in Fig. 11.   
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Fig. 8. Estimating stP with the variation of mean wind speed. 
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Fig. 9. Estimating stP with the variation of wind turbulence intensity. 
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Fig. 10. Estimating stP with the variation of network short circuit capacity. 
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Fig. 11. Estimating stP with the variation of phase angle. 

Based on simulation results, the capability of estimating flicker 
using SVR is reliable. The maximum error values for both flicker 
estimation based on SVR and flicker calculation applying standard 
IEC are very small and these errors are less than 0.501%. 

5. Conclusions 

An application of support vector machine to the assessment of the 
flicker emitted by grid-connected wind turbines during the 
operation has been studied. Using this model, a set of training 
patterns was developed by varying the wind speed, the turbulence 
intensity, the short-circuit capacity and impedance angle of the 
network which might affect the flicker induced by the operation of 
the wind turbine. For these training data, a SVR-based model was 
developed being capable of predicting flicker emissions with the 
high accuracy and fast performance under any normal operating 
conditions and network characteristics. Applying SVR to estimate 
the flicker produced from a wind turbine is very suitable for design 
process of wind power system.  
 

Acknowledgment 
This work has been supported by KESRI (08310), which is 

funded by Korea Western Power Co., Ltd. 

References 

[1] A. Larsson, “Flicker emission of wind turbines during 
continuous operation,” IEEE Trans. Energy Conversion, vol. 
17, no. 1, pp.     114-118, Mar 2002. 

[2] M. P. Papadopoulos, S. A. Papathanassiou, S. T. Tentzerakis, 
and N. G. Boulaxis, “Investigation of the flicker emission by 
grid connected wind turbines,” in Proc. 8th Int. Conf. 
Harmonics Quality of Power, vol. 2, Athens, Greece,  pp. 
1152–1157, Oct. 14–16, 1998. 

[3] Electromagnetic Compatibility (EMC)—Part 4: Testing and  
Measurement Techniques—Section 15: Flickermeter—
Functional and Design Specifications, IEC Std. 61 000-4-15, 
Nov. 1997. 

[4] Saad-Saoud Z and Jenkins N (1999), “Models for Predicting 
Flicker Induced by Large Wind Turbines”. IEEE Trans. 
Energy Conv, vol.14, no.3, pp. 743-748. 

[5] C. Vilar, J. Usaola, and H. Amarís, “A frequency domain 
approach to wind turbines for flicker analysis,” IEEE Trans. 
Energy Conv., vol.18, no.18, pp. 335–341, June. 2003. 

[6] A.. G. Abo. Khalil, and D. C. Lee, “MPPT control of wind 
generation system based on estimated wind speed using 
SVR,” IEEE Trans. Ind. Electron., vol. 55, no. 3, pp. 1489-
1490, March. 2008.  

[7] D. C. Lee, and A.. G. Abo. Khalil, “Optimal efficiency 
control of induction generators in wind energy conversion 
systems using support vector regression,” Journal of Power 
Electronics, vol. 8, no. 4, pp. 345-353, Oct. 2008.  

[8] V. Akhmatov, “Analysis of Dynamic Behavior of Electric 
Power Systems with Large Amount of Wind Power,” Ph.D. 
dissertation, Technical    University of Denmark, Kgs. 
Lyngby, Denmark, Apr. 2003. 

[9] T. Burton, D. Sharpe, N. Jenkins, and E. Bossanyi, Wind 
Energy Handbook.New York: Wiley, 2001. 

 

119


