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Importance of surface waves 
•  In vibration engineering: 
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surface 
waves 

In earthquake eng.: 



Surface waves polarization 
•  Polarization of Rayleigh waves: 

pro-grade or retro-grade 

•  Influence of time shift for vertical component 
•  3 cases: linear, circular, elliptical polarization 
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Time-freq. polarization analysis 

•  3 steps procedure 
–  Time-freq. Analysis > Stockwell transform: 
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+ filtering: 
ellipticity 
threshold 

–  Instantaneous reciprocal ellipticity…  

–  Inverse Stockwell transform: time domain 
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Synthetics: t-f analysis 
•  Synthetics (combination of sinusoids) 
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•  Time-frequency analysis 



Synthetics: filtering 
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Instantaneous reciprocal 
ellipticity and related filter 

Filter based on ϕ	


Alternative: normalized inner 
product and related filter 

Filter based on NIP	




Synthetics: filtered signals 
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Compute 
azimuth + 
new frame 
(R,T,V) 

Rc(t) Tc(t) Vc(t) 
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Actual motions: Chi-chi qke 
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Actual motions: t-f analysis 
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Actual motions: filtered signals 
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Actual motions: filtered signals 
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Actual motions: synthesis 
•  Identification at various stations 
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Conclusions 
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•  Instantaneous Reciprocal Ellipticity and 
Normalized Inner Product are efficient for: 
– Surface wave identification 
– Surface wave extraction 

•  Time-frequency transform needed (S) 

•  Verification on synthetic signals 

•  Validation on actual recordings 

•  Application to vibrations 


