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How distributed acoustic
sensing (DAS) works
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that we could extract
coherent signal from short
passive DAS recordings.
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References for RFS pilot

Deployment:
JAF, NL, TD, BF, EM, MR, CU, AW, A field test of distributed acoustic
sensing for ambient noise recording, SEG extended abstracts 2015,

DAS interferometry:

EM, JAF, SD, NL, TD, BF, MR, AW, CU, Interferometry of ambient noise
from a trenched distributed acoustic sensing array, SEG extended
abstracts 2015.

Fast dispersion images, paper in preparation:
E. Martin, Fast dispersion curves from ambient noise, SEP 158, 2015.



Site

patchy permafrost
wooded area
1 mi north of Fairbanks
highway 400 m east

passive recording
A SILIXA iDAS
1 m channel spacing
10 m gauge length
1 kHz recording
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Zoomed spectral stack
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blue earlier
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Broadband Beamforming
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slightly more energy is coming from the south <15 Hz
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slightly more energy is coming from the south <15 Hz
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Cross-correlations

stack of windowed cross-correlations stack of windowed cross-correlations
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Cross-correlations
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Cross-correlations

stack of windowed cross-correlations

stack of windowed cross-correlations

T e
\lrclh.l.“&.“..-r._.._.—nl-“r-l“fr,
! i
i =

e R e

B i -..1 = ||. L H.I"ﬁaﬂn_.lnr

Bt 12 e
o ; . L a2
B T, o I ™ F e
B g A o S = oy o
B CRga o e o ol ._..-...__.# L

[;
i = S o Mt e - o
ot W P - T S el 1..._.1..n.1.._._.1|. i
-, - ] AT e - -

= ] |

e - ...”. = F . ol o h-.lll.,u-u -
P T e
et

-
| - r

o

P DAk

S

ﬂ-.-u. T

1-—0.004

1—0.006

1-0.008

—0.010

s,

L g e

T S iy . T

=Ty

i o el --.....:H".. F L e [
ﬂtll 11I.|!L | el o By = e ] = 1 g

| |I..H.--.|.-..

b e

e e P L e
AR e i

"._._..l.h.__..h__n._...:\_. =l

4
M
LN

o

..-....”. . = -
.J.-H-. Eﬂl ."_...".1. o I ke .l..l._.l".-.. ) ..1. y
e e L T

e R Lt e T RS

|]auueyd

T
oy

T ?I. .|. . s .|..“.. g .. o
e g

e e T l_.u_. e

P N e L B e e

1.5

1.0

0.5

0.0
time lag

Channel 844

-1.0

time lag

Channel 745

14



channel

C [OSS-CO h erenNce Nofitering applied

stack of cross coherence
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C [OSS-CO h erenNce Nofitering applied

stack of cross coherence
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C [OSS-CO h erenNce Nofitering applied
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C [OSS-CO h erenNce Nofitering applied

stack of Cross- coherence
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where the report stops

Why do we get extra copies of the virtual source responses?
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1D synthetic with bumps

acoustic constant density

homogeneous medium, 320 m/s

car travels parallel to array, 25 m/s

when car hits a bump, emit a single square pulse
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Similar to copies in cross-correlations

Cross-correlation Virtual Source Ch 300
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stack of windowed cross-correlations
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| et’s say it's bumps. What's the fix”

1. Use cross-coherence instead of cross-correlation for virtual source
response estimation (Nakata et al. Geophysics, 2011).

2. Downweight tau-p transforms at tau far from O.
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| et’s say it's bumps. What's the fix”

1. Use cross-coherence instead of cross-correlation for virtual source
response estimation (Nakata et al. Geophysics, 2011).

Cross-correlation Cross-coherence

ua(s,wiup(s,w)  [W(s)|*°Ga(s,w)G5(s,w)

* _ 2 k
ua(s,w)up(s,w) = |[W(s,w)|"Ga(s,w)Gx(s,w) ua(s,)|[up(5,0)| WA 2Gals,0)|Gh(s,w)

source source
wavelet must wavelet
be estimated cancels

2. Downweight tau-p transforms at tau far from O.
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| et’s say it's bumps. What's the fix”

1. Use cross-coherence instead of cross-correlation for virtual source
response estimation (Nakata et al. Geophysics, 2011).

ndowed cross-correlations
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2. Downweight tau-p transforms at tau far from O.
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Dispersion Images

stack of cross-coherence
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Dispersion Images

stack of cross-coherence
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Dispersion mages

stack of cross coherence
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0.0

Dispersion Images

stack of Cross- coherence
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oNnclusions

Repeating sources can cause apparent copies of virtual

source response functions

Cross-coherence reduces non-ideal source effects

Tau-p weighting reduces the eftect of artr

‘acts, but we

continue searching for ways to extract use
from these artifacts
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Could it be caused by two axles”

Any signal emitted by the front axle hitting a bump Is
repeated by the back axle.

wheelbase 2 m 3.5m 20m

T_‘Jﬁi\/ )

L___l
vl

time between hits,

20 m/s (45 mph) 0.1s 0.1/5s 1S

time between hits

25 m/s (55 mph) 0.08 s 0.14 s 0.8s

.but (1) this road doesn’t have many 18 wheelers and
(11) doesn’t cause non-stationary cross-correlation artifacts



