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slotied on top of the population, except for shori and long distances, where the number of correlation values is low.
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h e SPAC (Aki, 1957)

Hypothesis: Stochastic noise wavefield stationary in both time and space

Spatial correlation function

:
o(r,p) = %ju(x,y, t)u*(x+rcose,y +rsin o, t)dt
0

Using relation between spectrum in time
and spectrum in frequency, for one v\ B

source with propagation azimuth ©

o(r,p) = 1 T DO (w) cos[Lr cos(é — go)}da)
T c(w)

T

cross-spectrum

Narrow band filtering around w,

Pw) = ¢(wp)o(w — wp) Correlation coefficient
| | _ wor . oo, wh) ond
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B o Correlation coefficient PN i

p(r,p,0,) = cos[ Dot cos(6 — go)}
c(w,)
T= (o) cos(0—o)
Time delay
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oS Correlation coefficient
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o(r.p,0,) = COS{
c(

) cos(6 — gp)}
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frequency & 20 ©

For a single plane wave propagating with back-azimuth 6
(except 6—¢ = n/2) and two sensors, c(w,) can be estimated

O
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For ambient noise however, multiple sources (several 0) ....
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Azimuthal averaging of spatial
autocorrelation coefficients

p(,00) = = [, 0,0,)d(0- )

p(r @) = J(C( ))

For a large number of Jo () = 1/ [ Feos (x cos(
' istri / S 9) do
azimuthaly distributed sources ’ j 0
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1o

ﬁw Average spatial aucorrelation coefficient
(N-sensors case)

In ambient noise, number and spatial distribution of sources
are unknowns ...
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Average spatial aucorrelation coefficien
(N-sensors, circular arrays) eries
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Azimuthal averaging of spatial
autocorrelation coefficients
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Autocorrelation
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- ST SPAC coefficient
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SPAC coefficient
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M el

= MSPAC (Bgﬁig et al., ZOQI): .
extension to arbitary array configuratio
SPAC (Aki, 1957) An example of irregular imperfect array
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Coord y station (m) North =
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An example of irregular imperfect array
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MSPAC (Bettig et al., 2001):
extension to arbitary array configuratio

400+
300+
200 /

100}
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Case of imperfect in shape array

Computation of azimuthal and radial averaged spatial autocorrelation coefficients

With r, and r, being the inner and outer radius of the ring, respectively
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= i MSPAC vs. SPAC:
advantages and drawbacks

An example of irregular imperfect array f,_ R
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Disavantages

Advantages
* in urban areas: easier arrays realisation - less « precise » estimation
« analysis of data sets suitable/optimized than SPAC

for FK

 broader frequency/wavelength range
than SPAC (only 1 ring)
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Building a broad-band dispersion curve from
SPAC:

Resolution and non-uniqueness issues
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Spatial autocorrelation coefficient for gy E
different radius : resolution and non- B
uniqueness
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- === different radius : resolution and non- F&i

uniqueness

- @ 4T Spatial autocorrelation coefficient for By E

« real life »

!
L

T LELELE BLUELELE |
8 1 2 4 e & 10

e 1

0.0

0.4y

Frequency [Hz]

o e
IRGA \/\/\/Www\ P

0 20 40 60 80 100 08 1 2 & & 8 10
Frequency [Hz]

0, Thessaloniki, Greece



@ ST Spatial autocorrelation coefficient for By E

- == different radius : resolution and non- P&l
uniqueness
Theory « real life »
508 r=5m.

%o.z;

0 0.0
: Tt

. Non-uniqueness il
0.0—E HME}EEMI
o g 08 r=20m 0-8‘; ﬁﬂ\ﬂ‘

o ST BN K T
9 I
- | PN £ o

Frequency [Hz
| y‘[ ] 0, Thessaloniki, Greece



@*@ tcit  gpatial autocorrelation coefficient for o) E
" 4@1 ZAK . . . . % /é
===  different radius : resolution and non- ¢ &
uniqueness
Theory « real life »
- < >
508 r=5m
ﬁﬂfﬂ%
i iy
| X :-P 2 4 6 g 10
0.8-: : }I
- Lack of resolution ﬂl EJ%
Iﬁﬂmﬂ}ﬂﬁﬂﬂﬁ

= | 0.8_- \
P 1 b
- \/vvwww\ ! %ﬁﬁ%ﬁﬁm

; . _20_ _4_0__ '6'0” o . ' 4 T
Frequency [Hz]

0, Thessaloniki, Greece



ANErg g
oL Z, gu_‘._, {

ar

*® @ Estimation of phase 7o)~
velocity / T

measure target

e
3
— Lop Uit del [ Bnt® A A7 riwl ()= A )
O | 2% Be i'{-.j: R TN X R (R SRR g
D 3 \ =
o) 1- 3]
o 3 05k . """"""""""""" = H:".. cC
c “ f — \ _— =
S Y B P Tty SCEELEY o WYY [
= b Y L 2\ Ll N o
© @ o R 1 { b i\j et 3 - N
© = \Q L S - ® .'/ 3
= | . S IR 1 cle e m
@) 044 ' ' : ~nst
@) v .

1.5 "
> - [ &
- — i ' \ L}
8 E 10t i ‘-"a“’*“
é E e : ﬁﬂla . '-‘:-- C|:27Trf|/X|

L7 .-6 ;
O 8 aal .Ja“oq;‘_ 2 L
o :JJ .ﬂﬂ"qm‘:evnﬂ"-’
@© e o
-C i
o i : !
I FREQUENCY (Hz) Okada, 2004

Februrary 21st-28th 2010, Thessaloniki, Greece



ST Spatial autocorrelation coefficient for Famy E
=== different radius : resolution and non- [ty

uniqueness
£08 F=5m 0.8-5
o %‘145 0.4—5 ﬁﬂﬂﬁ
OO (/; . g 0.0 . EI ﬁr Iﬁﬂﬁﬁﬁﬁlﬁﬁrﬂu-_
“04 M s Tﬁ@ A
0 20 40 60 80 100 e 1 a2 a4 e s 10
Frequency [Hz]
508 =10 Z
%0.4: r m o.s—E Iﬁm}zﬂ
o o o ;30'05 0.4—}ﬂ }%
© o o & 04 0.0
040_ = W | %Hﬂ@gﬂ%ﬂ
Frequency [Hz] 0.8 1 2 4 6 8 10
508 r=20m :
o ]ﬁﬂﬂﬂ@ﬂﬂﬂﬂ
o ° o u] 0.4
°c 2 . Om EEHTTIWT‘ il
o4 V. ] aetihiiillifiiiigiie
0 20 40 60 80 100 TR - —
Frequency [Hz] 0.8 1 2 4 6 8 10

Februrary 21st-28th 2010, Thessaloniki, Greece



w:v il Sranes "'_ ° ? /7

o v Arrqy geome‘l‘r‘y.. resolution and non- ;e? E
uniqueness
| Largest ring

04ﬂﬁﬁﬂﬁ controls the

i i lgn,  resolution

0'05 jﬁﬁ LesiCts e
20 00 0 a0 _0.4_6:éll; ' é 4 s 8 10 & width of the f-k
Frequency [Hz] transfer function lobe

) . oo Hﬂ Smallest ring
s . . .. 04HHBHM ﬂﬂﬂﬂﬂﬂ controls the non-

M0 uniqueness limit
T

o "ot $o0 *e O . 0.0- L i
IIIIII . _'2 f'l\\o B SR _045 liifii | |
200 100 X?m) 100 200 . 0|3'; | é o ‘Ii - éé;u & |Ocat|on Of f—k S|de

Frequency [HZ] lobes

Februrary 21st-28th 2010, Thessaloniki, Greece



e ~
U oa LGET
.

Grarobie

——

" B

Spatial autocorrelation coefficient for B )

0.8

0.4

0.8
0.4
0.0

'0-4_-|||||

0.4

-0.4-

0.4

0.0

0.8

0.0

different radius :
building a dispersion curve

T T T T T L L BLRLEE |
08 1 2 4 e & 10

Phase welocity (km/sec)

2eries

S

s

£

o~
(o S o
=l

=R

%
h

e

ododa |

//

H b ot
e T

)

g

T
1
)

[

]

i s I
T

.

S 10Gn ||

i

ayinaE ,.f',:'

;
— 5717

—

o—

F—{——]

1

114 4m

05 1 15

Fr%@W)&iHT-ZSTh 2010, Thessaloniki, Greece

2 25 3 35 4 45 5
Period (sec)

Tsuno and Kudo, 2004



=
»
%%%%

Trade-off between array aperture and smallest distance

-small distances/rings -> less non-uniqueness (first minimum at higher
frequencies)
- large aperture/rings -> better resolution (plateau of Bessel functions)

Trade-off between thin rings and good station pair distribution

-Determination of inner and outer radius results from a compromise
between the number of station pairs per ring (azimuthal resolution) and
the ratio between ring thickness and ring radius
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Finally, what are the main differences between
FK and SPAC approaches ?

FK SPAC

- plane wave propagation - plane wave propagation
- large number of uncorrelated sources

- one single source (or few spatially and temporally randomly
uncorrelated sources) distributed

- direct measure of phase delay - measure of spatial (de-)coherency of

waveforms
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N @ Effects of preferential sources

direction on the average spatial
autocorrelation coefficient

FK analysis
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“® @, How fo compute the autocorrelatiof ¥
coefficient?

S

In the time domain (<=> sesarray)
« Compute the Fourier transform of signals
 Narrow band-pass filter around o,

* Inverse Fourier transform and computation of correlation
« Azimuthal averaging of the correlation coefficient

In the frequency domain

« Compute the cross-spectra normalized by the autospectra
« Azimuthal averaging on the real part of the cross-spectra
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