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Preparation: Phase Velocity & Group Velocity

f(x+Dx,t)

f(x,t)

Propagation of Energy: Group Velocity v.

Propagation of Information: Phase Velocity c.

Dependency of Phase Velocity on the Frequency  f (or Wave Number k): Dispersion.

c is different from v in Dispersive Media.

dk

dv
cv 

c
k



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Preparation: Phase Velocity Determination

Definition of Cross-correlation        dtyxtCxy  

 y

 x

 ty

t

Product & Integration Cross-correlation
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Preparation: Phase Velocity Determination by Cross-Correlation

Cosine Function with the angular frequency  (one cycle only)

    cos,0 0ff 

   krfrf   cos, 0

t

     

          
 krtf

krtdkrtdf

dkrtftrCc

















cos

sinsincoscoscos

coscos,,0

2

0

22

0

2

0

Time lag t gives coincidence. If distance is r, the phase velocity c is given by r/t.

The maximum value of Cc corresponds to this time lag.
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In the frequency domain:

             D irFFrFFrCc exp,,0,,0,,0
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Phase lag due to wave propagation is

because

Therefore,

Coherence 

Here, c is the phase velocity measured along the measurement line.

            22
,,,,,,0,0,0,0  rFrrCcrAcFCcAc 

Auto-Correlation



7

Zero and 1st order Fourier transforms of the wave field along

the circle over the azimuth.

Zero Order 1st Order

 
 

   

 
 crJ

crJ

dirtZPSD

drtZPSD

rsCCA

















2
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0

exp,,

,,

, 













CCA (Cho et al., 2006, Tada et al., 2007)

PSD<> denotes the power spectral density

What’s CCA ?
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Schematic graphs for comparison of SPAC with CCA.

J0(kr): SPAC coefficient
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CCA (Cho et al., 2006, Tada et al., 2007)

SPAC (Aki, 1957;1965; Okada et al. 1987; Okada, 2003)
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Analysis in the frequency domain

PSD: Power Spectral Density, C mm’(r,) : Cross correlation
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Analysis in the frequency domain

CCA coefficient
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Analysis in the frequency domain

CSD: Density of Cross Spectra
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SPAC coefficient
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Correction for incoherent noise (Cho et al. 2006)
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System Correction for CCA in the frequency domain.

Yokoi (2012)

Record of i-th channnel

       fHfGfdfd iii

obs

i 

System Characteristics Very Local Effect

     iii jfGfG  exp      iii jfHfH  exp

Ground motion of propagating waves
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CCA coefficient is defined using cross spectra of ground motion
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Phase difference among the system characteristics
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Corrected cross spectra
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Complex coherence between i-th and k-th channels’ corrected records

An interim quantity Rik()
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Assumptions:

1) Phase difference due to very local effect is negligible

2) Power spectra of ground motion is same for all channels
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SPAC coefficient (Aki 1957, Okada 2003)
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CCA Analysis
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ＣＣＡ
Example using 2Hz 

seismometers
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System Correction

Effect of System Correction
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Dispersion Curve 

Heuristic Search: VFSA-DHSM

Vs Structure 


