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Modal analysis is one of the applicable methods used to identify the dynamic characteristics of 
structures. Inspection of structures to avoid resonance conditions can be achieved by extracting 
vibration modes using modal analysis. Since every point of the vibrating structure has its own 
characteristics such as the displacement, speed and acceleration,  the measurement of these parameters 
in a specific time interval can be used to extract modal parameters. In this study, stereo vision as a non-
contact measuring system is used to obtain the displacement of several points of the blade of a 2.5kW 
wind turbine with a length of 3m under the operational modal condition. At first, the camera calibration 
process is performed and then the three-dimensional data of the turbine blade are extracted from images 
recorded during the test. Consequently, modal parameters of the blade are calculated by analyzing the 
data. Finally, modal parameters obtained by three different methods including the stereo vision system, 
the finite element analysis and the testing accelerometer are compared. The results show that visually 
obtained data are sufficiently accurate to find the natural frequency of the first mode of the blade. The 
first natural frequency mode extracted by the stereo vision system shows a difference of 10.36% and 
2.67% compared to those obtained by finite element method and the accelerometer, respectively. 
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Fig. 1 The geometry of a camera model 
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Fig. 2 The geometry of stereo imaging system  
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Fig. 3 Lines created on the blade to determine a set point of the 
blade 
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6- Shaker 
7- Flapwise 
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Fig. 4 Blade clamping structure  
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Fig. 5 Basic model of the imaging process  
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Table 1 Extrinsic parameter extracted after the calibration 
process   

  dx  
)mm(  

dy  
)mm(  

dz  
)mm(  

  
)deg(  

  
)deg(  

  
)deg(  

  478.22  -224.53  6974.46  2.14  1.92  -0.03  

 
2  

Table 2 Intrinsic parameter extracted after the calibration 
process   

  a b  c  d  
f  

)pixel(  

  0  0  -0.0084  0.01177  x= 4393.98536     
y= 4391.02793  

  

Fig. 6 Calibration target plane  
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Fig. 7 Targeted plane placed on the wind turbine blade body  
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Table 3 The results of stereo system measurements 
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Fig. 8 Calibration error of calibration target plane points (left 
camera) 
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Fig. 9 Calibration error of calibration target plane points (right 
camera) 
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Fig. 10 The Stereo imaging system with the trigger hardware
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Fig. 11 An example of horizontal and vertical lines fitted on
the blade
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Fig. 12 The blade vibration signal in the time domain
and edge direction

12   

  
Fig. 13 The blade vibration signal in the time domain and 
lenght direction 
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Fig. 14 The blade vibration signal in the time domain and 
flapwise direction 

14   

7 -  
 2.5kW3m  

 . 

 . 
 

3 
 . 

12  14 
  . 

 20Hz 
 

   
40 

 
  . 

     .15 16 

 .17  .

  .

  .

10.42Hz  . 
4 5 . 

17
 

 
5  .

  

  
Fig. 15 FRF for the tenth point marked on the blade   
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Fig. 16 FRF for the ninth point marked on the blade  

16    

  
Fig. 17 The first mode extracted by machine vision technique 

17  

4     
Table The results of modal analysis by vision system and
accelerometers

   )Hz(  )deg(  )%(  

   11.2  177  1.68  

  
11.5  120  1.06  

5    
Table Modal analysis comparison of vision system,accelerometers
and FEM

   )Hz( 
  

  11.5  

   11.2  2.67  

  10.42  10.36  
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