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   The main goal is to develop/test a pedagogical framework to analyse 
vibration from video. 

Project students demonstrate that, For this experimental rig, modal test 
with classical contact  accelerometers is difficult/long 

Whereas use virtual measurement is easy 

Modeling a fishing rod is difficult (large displacement, NL) 
Comparing different analytical theories (Bernouilli, stepped beam) 
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3    Software validation 

4    Case study: Dynamic parameters estimation of 
a flexible beam  
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Develop a universal toolbox for research and development in the field 
of Computer Vision 

It is an open source computer vision library developed by Intel.  

It focuses mainly towards real-time image processing. 

   Basic structures and operations 


   Image Analysis 


   Structural Analysis 


   Object Recognition 


   Motion Analysis 


   Object Tracking 


   3D Reconstruction


- This is the process of locating  
a moving object in time  

using a camera  

- An algorithm analyzes  
the video frames  

and outputs the location  
of moving targets  

within the video frame. 
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 Solve pixel correspondence problem 
• given a pixel in H, look for nearby pixels of the same color in I 


   Key assumptions 

 color constancy:  a point in H looks the same in I 

•  For grayscale images, this is brightness constancy 

 small motion:  points do not move very far 


   This is called the optical flow problem 



  If a vision-driven-gadget covers a region W we would 
like to estimate the 2D displacement d=[dx dy] 
(optical flow) of this patch W between two 
consecutive images that are captured by the camera. 

  not only detects the movement but also gives us an 
estimate of the DIRECTION and the SPEED of the 
movement. 

  Limitations: small displacement, high contrast 



The displacement d is chosen to minimize the dissimilarity between two feature windows, 
 one in image I and one in image J: 

where w is the given feature window,  
x = [x, y]T are coordinates in the image and d = [dx, dy]T is the displacement.  
The weighting function w(x) is usually set to the constant 1  

Differentiating Approximating 

Rearranging terms yields a linear 2 × 2 system: 

Where 

Displacement d is obtained by solving this equation 
 using a Newton-Raphson algorithm 
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High speed camera to obtain a frequency bandwidth  
of several hundred of Hz 

If we assume global motion with constant 
velocity vx and vy (in pixels per standard-speed frame) and  
spatially band limited image with Bx and By  
as the horizontal and vertical spatial bandwidths (in cycles per pixel), 

the minimum temporal sampling frequency fs (in cycles per speed 
frame) to avoid motion aliasing is given by: 
fs = 2Bt = 2B vx + 2By vy  

Technical assumptions 

• High vertical resolution to obtain sufficient deformation 
• Plan of study is perpendicular to the structure (small angular errors) 
• Camera stability, image not fuzzy 
• Good contrast 





3.    Software validation 
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Satellite Model, Flexible structure  
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key points  
– to choose 



Helicopter Blade, Flexible structure  
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Fishing rod Test rig (blocked in XY plane)   
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(High Speed Camera) Fishing rod Free Vibration response  

Displacement at the free edge 
 (pixels vs frame) 

Amplitude of the FRF 
(dB vs Frequency Vs points under study) 





fs >> 2.f2 

To enhance the spectral resolution : 
• temporal signals are smoothed 

• Hypothesis of small linear displacement 

• RFP SDOF identification 



High Correlation with previous 
accelerometers data 

Good correlation with theory H. Wang and W.J. Worley, Tables of 
natural frequencies and nodes for 
transverse vibration of tapered beams, 
NASA CR443, 1966. 







  Computer vision methods are able using Lukas-Kanade optical 
flow algorithm to extract reliable dynamic parameters 

  Several validations of the software from simple case to the 
worst case: Now we know the limitations ! 

  If small linear displacement hypothesis not checked: 
 Sparse signal reconstruction (Random Sampling) 

  Making some important assumptions our method coupled with 
operational modal analysis could also be used to : 

 Monitor real structure under ambient excitation 
 Check structural integrity 



Moving  
structure 


     Multiple camera for 3D dynamic reconstruction (markerless) 


