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Summary

Passive seismic imaging is based on the fact that by
cross-correlating the transmission responsesof a medium,
one can reconstruct its re
ection response. Here, we
show a method to directly migrate the transmission
responses measured at the surface, based on the shot-
pro�le migration. We also show that the results from
direct migration of passive data and from migration of
the simulated re
ection response are identical. At the
end, we also show comparisons between the behavior of
the results from the migration processand the simulated
re
ection responses.

Intro duction

In Wapenaar et al. (2004b), general relations are shown
between the re
ection and the transmission response of
a 3-D inhomogeneousmedium. The applications of these
relations are in synthesis of transmission coda from the
re
ection data, multiple elimination, seismic interferom-
etry and acoustic daylight imaging. The relation used in
the acoustic daylight imaging permits us to synthesize
the re
ection response of a medium by cross-correlating
its transmission responses. Here, we show a method to
directly migrate passive white-noise seismicdata without
the need to �rst perform the cross-correlations. We also
compare the results of simulating the re
ection response
with the results from migration of the passive data.

Direct migration of white-noise data

To simulate the re
ection response as if it would have
been measured at the surface from the transmission
responses measured at the surface in the presence of
white-noise sources in the subsurface we can use the
formula

R+ (x A ; x B ; ! )+
�

R+ (x A ; x B ; ! )
	 �

= � (x H ;A � x H ;B )

� T �
obs (x A ; ! )

�
T �

obs (x B ; ! )
	 �

; (1)

where R+ (x A ; x B ; ! ) is the re
ection responsemeasured
at point xA at the surface (@D0) in the presenceof an
impulsiv e source at xB , while T �

obs (x A ; ! ) is the trans-
mission responsemeasuredat the surface point xA in the
presenceof noise sources in the subsurface. Downward
extrapolaton of R+ (x A ; x B ; ! ) into the subsurfaceis de-
scribed by
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where R+ (� A ; � B ; ! ) is the re
ection response ex-
trap olated from the surface to some subsurface level
and W + (� A ; x A ; ! ) and W � (x B ; � B ; ! ) are forward-
extrapolation operators. If we substitute equation 1 into
equation 2 we obtain
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+ anti-causal terms : (3)

In the above relation, we used the fact that the re
ec-
tion coe�cien t of the free-surface is r = � 1 and the
reciprocity relation of the forward-extrap olation operator
W � (x B ; � B ; ! ) = W + (� B ; x B ; ! ). Relation (3) shows
that by inverse-extrapolating the transmission response
T �

obs (x A ; ! ) at all x A at the surface to a certain sub-
surface level, and forward-extrap olating the downward-
re
ected transmission responser T �

obs (x B ; ! ) at all x B to
the samesubsurfacelevel, followed by cross-correlation of
the resultant wave �elds, we obtain the downward extrap-
olated re
ection response. If we subsequently apply the
imaging condition, we can image the subsurface at that
level (seealso Artman et al. (2004)). If we compare this
processwith shot-pro�le migration (Claerbout, 1971) we
can see that they are identical. This means that based
on shot-pro�le migration we can directly migrate passive
white-noise data without the need to �rst simulate the
re
ection shot gathers.

As �gure 1 shows, we may thus use two paths for ob-
taining a migrated image from passive data. Following
the �rst path, we �rst cross-correlatethe transmission re-
sponsesrecorded at the surfaceto simulate re
ection shot
gathers, then we extrapolate the simulated shot gathers
and apply the imaging condition (this processwas also
proposed by Schuster (2001) and named Interferomet-
ric Imaging). The other way is to directly migrate the
passive data - �rst we extrapolate the transmission re-
sponsesrecorded at the surface to somesubsurface level,
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Fig. 1: Tw o paths can be followed to obtain a migrated image
from passive data.

then we cross-correlate them and apply the imaging con-
dition. Figure 2 (a) shows a double syncline model used
to generate transmission responsesof white-noise sources
in the subsurface. These transmissions were afterwards
migrated using both migration methods described above.
The results were identical (�gure 2 (b)).
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(a) (b)
Fig. 2: (a) Double syncline model with white-noise sources at
depth level x3 = 800 m; the sources are regularly distributed;
the receivers at the surface are distributed between x 1 = 1200
and x1 = 6800 m every 20 m; (b) The migrated image from
the direct migration and from the migration of the simulated
re
ection shot panels are identical; the transmission responses
used here were 66 minutes long recordings in the presence of
subsurface sources placed every 25 m between x 1 = 1200 and
x1 = 6800 m.

Comparison betweensimulated re
ection
and migration

In this section, we present some numerical results show-
ing the behavior of the simulated re
ection shot gath-
ers and the migrated image when changing some source
and receiver parameters. The migrations were performed
with the exact velocity model. No multiple elimination
schemeswere applied.

The qualit y of the end result depends strongly on the
number of the present subsurface sources. Figures 3 (a)
through 6 (a) show simulated re
ection shot gathers for
a decreasing number of subsurface noise sources with a
simulated surface shot position at x1 = 4000 m. Figures
3 (b) through 6 (b) show the results from direct migration

of the same noise recordings. The noise recordings were
6 minutes long. We seethat the simulated re
ection re-
sponses very quickly decreasein qualit y (compare with
the directly modelled re
ection response in �gure 11),
while the migration processdelivers much better results.
The migrated image though can su�er from illumination
problems. This is explained in a companion paper (Wape-
naar et al., 2004a),wherewe show that in the limiting case
of one noisesourceit is not possibleto reconstruct the re-

ection response, but it is very well possible to obtain a
migrated image.

(a) (b)
Fig. 3: (a) Simulated re
ection shot panel from 6 minutes
long noise recordings with 113 regularly distributed subsurface
sources with a simulated shot position at x1 = 4000 m. (b)
Result from direct migration of 6 minutes long noise recordings
with 113 regularly distributed subsurface sources.

Figures 7 (a) through 10 (a) show the change in qualit y
of the simulated re
ection shot gather (with simulated
surface shot position at x1 = 4000 m) when decreas-
ing the recording time length of the receivers. Figures
7 (b) through 10 (b) show the migrated image for the
same noise recordings. We can see that while for short
recording times the qualit y of the simulated re
ection is
strongly degraded, the result from migration is still good,
only the signal-to-noise ratio has decreased. Note that
multiple events that are hardly visible in the simulated
re
ection shot gathers at short recording times are still
clearly present in the migrated image.

Conclusions

We showed a method to directly migrate passive seismic
noiserecordings. This method is basedon the shot-pro�le
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migration procedure, but is applied to transmission data.
The results from the direct migration of passive data
and from the migration of simulated re
ection shot
gathers are identical. Depending on the objectiv e (to
have intermidiate results or not) one or the other can
be used. The numerical examples showed that while
with decreasing number of subsurface noise sourcesand
shorter noise recordings the qualit y of the simulated
re
ection response quickly drops, the migration process
still delivers good results.

(a) (b)
Fig. 4: (a) Simulated re
ection shot panel from 6 minutes
long noise recordings with 57 regularly distributed subsurface
sources with a simulated shot position at x1 = 4000 m. (b)
Result from direct migration of 6 minutes long noise recordings
with 57 regularly distributed subsurface sources.

(a) (b)
Fig. 5: (a) Simulated re
ection shot panel from 6 minutes
long noise recordings with 11 regularly distributed subsurface
sources with a simulated shot position at x1 = 4000 m. (b)
Result from direct migration of 6 minutes long noise recordings
with 11 regularly distributed subsurface sources.
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(a) (b)
Fig. 6: (a) Simulated re
ection shot panel from 6 minutes long
noise recordings with 6 regularly distributed subsurface sources
with a simulated shot position at x1 = 4000 m. (b) Result
from direct migration of 6 minutes long noise recordings with
6 regularly distributed subsurface sources.
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(a) (b)
Fig. 7: (a) Simulated re
ection shot panel from 33 minutes long
noise recordings with a simulated shot position at x 1 = 4000
m. (b) Result from direct migration of 33 minutes long noise
recordings.
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(a) (b)
Fig. 9: (a) Simulated re
ection shot panel from 1 minute long
noise recordings with a simulated shot position at x 1 = 4000
m. (b) Result from direct migration of 1 minute long noise
recordings.

(a) (b)
Fig. 10: (a) Simulated re
ection shot panel from 20 seconds
long noise recordings with a simulated shot position at x 1 =
4000 m. (b) Result from direct migration of 20 seconds long
noise recordings.

Fig. 11: Directly modelled re
ection response for the double
syncline model from �gure 2 (a) with a shot at x = (4000; 0)
m.


