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Motivation

OBC Acquisition Node Acquisition

Shot interval o
50 m 4 component seismic sensor:

. . 3 geophones (XYZ), | hydrophone
Receiver/group interval

25 m

[http://sgs-neworleans.org/luncheons/120308%200lofsson%20-%200BN%20Acquisition.pdf]

Shot interval
50 m

Receiver/group interval
300 - 400 m

-
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p Is there a way to circumvent the Nyquist-related
acquisition/processing costs!?

P Design seismic acquisition within the compressed
sensing framework

» Rethink marine acquisition (OBC, OBN)
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Motivation

OBC Acquisition Node Acquisition

Shot interval
random

4 component seismic sensor:
3 geophones (XYZ), | hydrophone

Receiver/group interval
random

[http://sgs-neworleans.org/luncheons/120308%200lofsson%20-%200BN%20Acquisition.pdf]

Shot interval
random

Receiver/group interval
random

-
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» Problem statement & recovery strategy

» Design of jittered, ocean bottom cable acquisition

- jitter in time (= jittered shot locations)

» Experimental results of sparsity-promoting processing

- demultiplexing, and interpolation from coarser to finer
sampling grid
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Problem statement

Solve an underdetermined system of linear equations:

data =
(measurements — > E = =
[observations) =
beCn b A =

A e CxP =

n << P u

X

0 «<—— unknown
Xo € Ccr
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Problem statement

Solve an underdetermined system of linear equations:

data =
(measurements — > E = =
[observations) =
beCn b A =
A e CxP =
n << P -

A = RMSH X0 «<—— unknown

- xo € CF

sampling matrix transform matrix
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ACQUIRE IN THE FIELD WOULD LIKE TO HAVE
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Sparse recovery

Exploit curvelet-domain sparsity of seismic data

Sparsity-promoting program:

X = argmin ||x||; subject to Ax=Db
L,_J —

support detection data-consistent amplitude recovery

SparSit)l-Promoti ng solver': S P G- Z 1 [van den Berg and Friedlander, 2008]

Recover single-source prestack data volume: d = SHx
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Outline

» Design of jittered, ocean bottom cable acquisition

- jitter in time (= jittered shot locations)

Monday, 3 December, 12



Conventional OBC acquisition

Source vessel

Recording vessel

Shot interval
50 m

Receiver/group interval
25m

4 component seismic sensor:

3 geophones (XYZ), | hydrophone

[http://sgs-neworleans.org/luncheons/120308%200lofsson%20-%200BN%20Acquisition.pdf]

-
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Sampling schemes
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Conventional vs. jittered sources

[Speed of source vessel = 9 km/hr =2.5 m/s]
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200+

400+

(o3}

o

o
T

800+

Recording time (s)

1000

12001

o Array 1
*  Array 2

500

1000 1500 2000 2500 3000

Source position (m)

Recording time (s)

2001

400

600

800

1000

12001

Source position (m)

® o Array 1
ﬁ@% * Array 2
®
%%q% n=2
@QO%
%
@
%%
®
®
®
,
%
%Q
Ot%@
b@
Q@G
%
tb@
Qe%
)
ab%b
®
| | | | | | *
500 1000 1500 2000 2500 3000

Monday, 3 December, 12




Conventional vs. jittered sources

[Speed of source vessel = 9 km/hr =2.5 m/s]
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Measurements [b]
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Outline

» Experimental results of sparsity-promoting processing

- demultiplexing, and interpolation from coarser to finer
sampling grid
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Gulf of Suez

1024 time samples
128 sources
128 receivers

Shot interval: 25 m
Receiver/group interval: 25 m

0] 1000 2000 3000
Receiver (m)
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Time-jittered OBC acquisition

[1 source vessel, speed = 2.5 m/s, underlying grid: 25 m]
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Recovery

[Demultiplexing +
Interpolation from jittered 50m grid to regular 25m grid]

CONVENTIONAL CURVELET-DOMAIN
PROCESSING SPARSITY-PROMOTION

Apply the adjoint of the

sampling operator
Solve an optimization problem

+ (e.g., one-norm minimization)

Median filtering in the
midpoint-offset domain
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Conventional processing

[Adjoint applied]

RECEIVER GATHER SHOT GATHER

e =

USRS T s L S TS
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Sparsity-promoting recovery (15.4 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 25m grid]

TRUE DATA RECOVERED DATA

0 1000 2000 3000 0 1000 2000 3000
Receiver (m) Receiver (m)
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Sparsity-promoting recovery (15.4 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 25m grid]

TRUE DATA RECOVERED DATA

0 1000 2000 3000 0 1000 2000 3000
Receiver (m) Receiver (m)
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Sparsity-promoting recovery (15.4 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 25m grid]
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Sparsity-promoting recovery (15.4 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 25m grid]

TRUE DATA RESIDUAL

0 1000 2000 3000 0 1000 2000 3000
Receiver (m) Receiver (m)
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Gulf of Suez

1024 time samples
128 sources
128 receivers

Shot interval: 12.5 m
Receiver/group interval: 12.5 m

0] 500 1000 1500
Receiver (m)
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Time-jittered OBC acquisition

[1 source vessel, speed = 2.5 m/s, underlying grid: 12.5 m]
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Sparsity-promoting recovery (10.8 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 12.5m grid]

TRUE DATA RECOVERED DATA
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Sparsity-promoting recovery (10.8 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 12.5m grid]

TRUE DATA RECOVERED DATA

0 200 1000 1500 0 200 1000 1500
Receiver (m) Receiver (m)
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Sparsity-promoting recovery (10.8 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 12.5m grid]

TRUE DATA RECOVERED DATA

200 1000 1500 200 1000 1500
Receiver (m) Receiver (m)

Monday, 3 December, 12



Sparsity-promoting recovery (10.8 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 12.5m grid]

TRUE DATA RESIDUAL

0 200 1000 1500 0 200 1000 1500
Receiver (m) Receiver (m)
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INTERPOLATE

SPARSITY-PROMOTING

(JITTERED TO REGULAR) RECOVERY
[SNR (DB)]
SOM TO 25M 15.4
1 SOURCE VESSEL
(2 AIRGUN ARRAYS)
50M TO 12.5M 10.8

2 SOURCE VESSELS
(2 AIRGUN ARRAYS
PER VESSEL)

50M TO 25M

50M TO 12.5M
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Time-jittered OBC acquisition

[2 source vessels, speed = 2.5 m/s, underlying grid: 25 mj
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Sparsity-promoting recovery (20.5 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 25m grid]

TRUE DATA RECOVERED DATA

0 1000 2000 3000 0 1000 2000 3000
Receiver (m) Receiver (m)
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Sparsity-promoting recovery (20.5 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 25m grid]

TRUE DATA RESIDUAL

0 1000 2000 3000 0 1000 2000 3000
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Time-jittered OBC acquisition

[2 source vessels, speed = 2.5 m/s, underlying grid: 12.5 m]
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Sparsity-promoting recovery (14.7 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 12.5m grid]

TRUE DATA RECOVERED DATA
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Sparsity-promoting recovery (14.7 dB)

[Demultiplexing +
Interpolation from jittered 50m grid to regular 12.5m grid]

TRUE DATA RESIDUAL
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Monday, 3 December, 12



INTERPOLATE

SPARSITY-PROMOTING

(JITTERED TO REGULAR) RECOVERY
[SNR (DB)]
50M TO 25M 15.4
1 SOURCE VESSEL
(2 AIRGUN ARRAYS)
50M 1O 12.5M 10.8
2 SOURCE VESSELS SOM TO 25M 20.5
(2 AIRGUN ARRAYS
PER VESSEL) 50M TO 12.5M 14.7
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Observations

» Time-jittered (simultaneous) marine acquisition is
an instance of compressive sensing

> With sparsity-promoting recovery we can:

- demultiplex, and
- interpolate from a coarser (50m) grid to a finer grid (25m,

12.5m)
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Observations

» Survey-time ratio, [Berkhout, 2008]

___ time of the conventional recording
STR - . . .
time of the simultaneous recording

- shotinterval =12.5m, record length (shot gather) =10.0s,

with no overlap —-
decreased speed of the source vessel =1.25m/s

STR _ 1600m/1.25m/s _ 2

1600m/2.5m/s
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Observations

» Source-density ratio, [Berkhout, 2008]

SDR = # of sources in the simultaneous survey (after recovery)

# of sources in the conventional survey

= (2%128) / (2*32) = 4
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Future work

» 3D acquisition — innovative geometries
- jittered shots and receivers
- ocean bottom nodes

» Processing with simultaneous data
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