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INTRODUCTION

ABSTRACT

Depth velocity model building remains a difficult step within the seismic depth imag-
ing sequence. Stereotomography provides an efficient solution to this problem but
was limited until now to a picking of seismic data in the prestack time un-migrated
domain. We propose here a method for stereotomographic data picking in the depth
migrated domain. Picking in the depth migrated domain exhibits the advantage of a
better signal-to-noise ratio and of a more regular distribution of picked events in the
model, leading to a better constrained tomographic inverse problem. Moreover, any
improvement on the velocity model will improve the migrated results, again leading
to improved picking. Our strategy for obtaining a stereotomographic dataset from a
prestack depth migration is based on migration of attributes (and not on a kinematic
demigration approach!). For any locally coherent event in the migrated image, migra-
tion of attributes allows one to compute ray parameter attributes corresponding to
the specular reflection angle and dip. For application to stereotomography, the nec-
essary attributes are the source/receiver locations, the traveltime and the data slopes.
For the data slope, when the migration velocity model is erroneous, some additional
corrections have to be applied to the result of migration of the attributes. Applying
these corrections, our picking method is theoretically valid whatever the quality of
the migration velocity model. We first present the theoretical aspects of the method
and then validate it on 2D synthetic and real seismic reflection data sets.

ing and paraxial ray quantities (e.g., Wang and Houseman

1995) and appropriate for ray based preserved amplitude mi-

Velocity model building still remains a serious bottleneck for
reflection seismic depth imaging. Several questions remain
open for this challenge, as the need for picking, the domain
for the picking, the choice of the cost function, the use of
smooth or blocky models ... This last point is still a debated
issue, trying to accommodate various points of view and case
studies. Here we use a smooth representation of the velocity

field, allowing us to compute continuous geometrical spread-
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gration (Thierry et al. 1999).

For velocity model building, up to now only local opti-
mization methods have been used successfully for real sized
applications. Most frequently, they work in the depth mi-
grated domain and address the flatenning of the common-
image gathers. Both with (Al-Yahya 1989) and without-
picking methods (Symes 1998; Chauris and Noble 2001) have
been investigated. In industry, picking-based approaches are
still the most frequently used, since they enable easier and
faster minimization of the cost function and allow one to
compensate for imperfect preprocessing. However, the pick-
ing remains a critical point in all these processing sequences

and it is precisely this point that we address in the present
paper.
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Numerous picking-based methods have been proposed for
computing depth velocity models from seismic reflection data.
It remains one of the most difficult tasks in the depth veloc-
ity model building workflow. Stereotomography (Billette and
Lambaré 1998; Billette et al. 2003) was developed to rem-
edy the difficult interpretative picking required by horizon-
based tomographic approaches (Farra and Madariaga 1988).
Stereotomography belongs to the family of slope tomographic
methods (Riabinkin 1957; Sword 1986). The idea is to use
kinematic information from locally coherent events described
by their central source and receiver position, their central time
and their local slopes in the prestack dataset. Stereotomog-
raphy appears as a generalization of formerly existing slope
tomographic methods, with the benefits of robustness and ef-
ficiency. The method has been extended to 3D (Chalard ez
al. 2000; Chalard and Lambaré 2005), to converted waves
(Alerini et al. 2002, 2007), to borehole data (Gosselet, Le
Bégat and Petersen 2005) and has finally resulted into a robust
and efficient semi-automated approach for estimating depth
velocity models (Lambaré et al. 2004).

In all these studies, stereotomographic picking was done
in the prestack un-migrated domain. This choice has demon-
strated its efficiency but picking in some other, more appro-
priate, domain may offer serious advantages. For example,
Lavaud, Baina and Landa (2004) and Neckludov, Baina and
Landa (2005) demonstrated the benefit of stereotomographic
picking from common-reflection stack images and common-
reflection stack attributes (Jager et al. 2001) with a better
signal-to-noise ratio and easier interpretation. The prestack
depth migrated domain also has many advantages as a more
controlled coverage of the velocity model, allowing better con-
straint of the optimization. This explains why picking in the
migrated domain is still the most frequently used, and vari-
ous workflows involving migration, picking and demigration
have been proposed (Apostoiu-Marin and Ehinger 1997; Le
Stunff and Grenier 1998; Wang, White and Pratt 2000). Con-
cerning the use of locally coherent events picked in the depth
migrated domain, the contribution by Chauris et al. (2002a,b)
was an important breakthrough. It demonstrated that there
was a direct connection between locally coherent events in the
depth-migrated domain and in the un-migrated time domain.
The connection between both involves kinematic migration
or demigration processes and allows for a stereotomographic
picking in the depth-migrated domain. In the present paper we
directly rely on this work. We propose a depth domain pick-
ing for stereotomography based on migration of tomographic
attributes. Compared to the Chauris et al. (2002a,b)’s work,
our choice is to perform a single-pass migration and picking

(with the benefit of efficiency) and to replace the kinematic
demigration by the migration of attributes process proposed
by Bleistein (1987) with the benefit of consistency between
migration and demigration.

Initially, the migration of the attributes was proposed for
obtaining specular reflection angle. Two Kirchhoff type mi-
grations are perfomed with the same data and velocity model
but with a different amplitude in the migration kernel (the data
set must be a single channel data set — common offset — com-
mon shot — common receiver). For example, multiplying the
migration kernel by the reflection angle (as a seismic attribute),
the local ratio of the two migrated images gives the specular
reflection angle all over the considered target. It is often used in
amplitude versus offset (or angle) analysis (Baina, Thierry and
Calandra 2002). In a similar way, it can be used for attributes
required for tomography, as for example, the source/receiver
locations, the two-way times and the associated slopes (Chen
2000). Note that the extracted specular values are the ones
relevant for the depth migration process whatever the quality
of the migration velocity model. When the velocity model is
erroneous, some appropriate corrections may be required to
obtain the corresponding attributes in the prestack time un-
migrated domain. This is the case for the slopes of the events
in the un-migrated domain, for which Chauris ez al. (2002a)
and Nguyen et al. (2002b) derived the associated corrections.

Stereotomography has already been presented in numerous
papers. In the present paper, we focus on the presentation
of the new stereotomographic picking in the depth-migrated
domain. The approach is tested with a synthetic example and
compared to a ‘classical’ stereotomographic picking in time.
Finally, we present an application on real data of the full depth
velocity model building sequence, with a comparison between

the time and depth picking approaches.

THEORETICAL ASPECTS
Migration of attributes: theory

Let us consider a common-offset Kirchhoff depth migration.
The migrated image, Z(x, hy), obtained at location, x, for offset
ho, can be expressed as an integral over the midpoint location,

o,

I(x, ho) = /dU Ao, x, hy) D(a, %0, x, ho)7 ho) (1)

where A(o, X, hy) denotes the amplitude of the kernel of the
migration operator, D(o, ¢, ho) denotes the preprocessed traces
recorded at midpoint location, o, at time, # and at offset, h,
and T (o, x, hy) denotes two-way traveltime function used in

the kernel of the migration operator. This migration formula
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can be also given in the time frequency domain
Z(x, ho) = / dw f do Ao, x, hy) D(o, w, bg) e T 7@k - (2)

where o is then the angular frequency. Our convention for
direct and inverse Fourier transform is f(w) = f_tzo dtf(t) e’

and f(t) = & [T do flo

Let us now assume that the un-migrated data volume con-

)efi(ut‘

sists of a superposition of coherent events and let us consider
one of these events. It can be described by

D(o, w, ho) = S(a, by, w)eT "0, (3)

where S(o, by, w) denotes the wavelet in the frequency domain,
and T (o, hy) denotes the time curve of the event. If we
assume that locally the event has very gentle lateral variations
of its wavelet (which is the definition of a locally coherent

event), we can write

S(o, bo, w) = Ao, hy)S(w), (4)

where we have restricted wavelet variations to amplitude vari-
ations, A(o, hg), while the normalized wavelet is fixed to S(w).
Introducing relations (3) and (4) into relation (2), we get
the common offset migrated image of an event. It is indeed
an integral over o, which vanishes when w goes to oo, except
in the vicinity of stationary points o .. Such points are defined
by the stationary phase theorem (Bleistein and Handelsman

1975; Bender and Orszag 1978), which imposes:
[T (0., ho) — T™ (0, X, ho)]

ao
9T (0., ho) 0T (o, X, hy) ()
ao do

Relation (5) means that the slope of the two-way traveltime

=0

function used in the kernel of the migration operator has to fit
with the slope of the locally coherent event (see Fig. 1). Indeed,
a locally coherent event in a common offset gather of traces
will focus in depth at the position, x, if the traveltime function
T (o, x) becomes tangent to the time curve of the event,
T (5), for variations of . For a given event, offset, by and
migrated position x, when it exists, we call o, the stationary
point for the migration (we also speak of a specular point).
Asymptotically, the contribution of the vicinity of a specu-
lar point can be given by the stationary phase approximation
(Bleistein and Handelsman 1975; Bender and Orszag 1978).

Within this approximation, it reduces to:

U w, l?()) i ay
Ao, x, hg) /dw < =l @T" P oexho)

AT(oc,x,hp)
Qi AT X P R

I(X, ho)

(6)

where AT (o, x, hy) = T% (o, hy) — T (o, X, hg).
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Figure 1 Imaging condition. An event in a common offset gather will
migrate at position x if the observed time, T and the migration
traveltime, T9@ match and if the slope of the migration travel time
(T™ /a0 (o, X, ho) for x fixed) matches with the slope of the observed
traveltime curve, T /3 (, hg).

Figure 2 The ray parameters involved in the stereotomographic at-
tributes migration. The vector q is the sum of the slowness vectors,
ps and p,, of shot and receiver ray segments at the image point x =
(x, 2). & is the local geological dip and 6 is the aperture angle. p5”
and pi” are the horizontal components of upwards slowness vectors
at the acquisition surface.

From this expression we see that, when we introduce a
weight, K(o, x, hy), in the migration kernel (2),

T (x, hy) = / dwdo K(o, x, hy)

Ao, x, o) e iexb), (7)

D(o, w, ho)e

we obtain a depth migrated image multiplied locally by the
value of the weight for the local specular contribution,

Ti(x, ho) = K(oc, x, ho) - Z(x, ho). (8)
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Figure 3 2D synthetic case. Top: velocity model with the location of

the four reflectors. Bottom: common-offset gather for offset = 100 m.
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Figure4 2D synthetic case. Common offset depth migrated panel used
for the test (offset = 100 m). An erroneous velocity model was used for
the migration. The true reflector position is superimposed in yellow.

Migration artefacts (aliasing, truncation effects, . ..) appear due to the

high gain value used for the display.

The use of this property was proposed by Bleistein (1987) for
estimating in a double-migration process, specular quantities
associated to a depth migrated image (We also call this process
migration of attributes). The weighting factor K(o, x, hy) may
be any ray based attribute, i.e., reflection angle, incidence an-
gle, source or receiver locations, one-way or two-way travel
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Figure 5 2D synthetic case. Comparison of the two-way traveltime
curve versus shot position s, obtained by picking in the time domain
(red squares) with one picking in the time domain (red squares) with
one obtained picking in the depth domain with migration of attributes
(blue crosses).
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Figure 6 2D synthetic case. Comparison of the receiver position 7y
curve versus shot position s, obtained by picking in the time domain
(red squares) with the one obtained picking in the depth domain with
migration of attributes (blue crosses).

times . .. To obtain one of these specular attributes we have to
compute a second migrated image Zx(x, b). In practice, the
two migrations are perfomed during the same migration loop
in order to save computing time and the attribute map is ob-
tained for a given offset via the ratio of the two common offset
migrated images (Bleistein 1987; Hubral, Schleicher and Tygel
1996; Tygel, Schleicher and Hubral 1996):

_ Tk(x, ho)

’C(O’C, X, ho) = m

)

Note that the approach is only valid for image points, x, for
which a single stationary point exists and that some smoothing
and regularization has to be introduced to insure the robust-
ness of the process (Baina et al. 2002). Note also that this
approach can also be developped for common angle or com-
mon shot migrated gathers as shown by Chauris et al. (2001)
or Chauris (2000).
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Figure 7 2D synthetic case. Comparison of the receiver position pgy
curve versus shot position s, obtained by picking in the time domain
(red squares) with the one obtained picking in the depth domain after
migration of attributes before (blue crosses) and after residual slope
correction (green diamonds).

Migration of stereotomographic attributes

In the present study, we plan to use migration of attributes
to obtain stereotomographic attributes. These attributes in-
volve the local slopes of locally coherent events in common-
shot and common-receiver gathers pd@ and p#*_ in addition
to the classical tomographic parameters, source and receiver
positions, (s, 7)9%, and traveltime curve, T% (Billette and
Lambaré 1998). For a given set of N local events in a depth mi-
grated image, the purpose is to obtain the associated stereoto-
mographic dataset,

N

n=1"

d= [(Sa'ata7 7,data, Tdata, p;iata, piiata)n] (10)

As we have seen, the migration of attributes provides spec-
ular attributes associated with depth migration. The idea is
to use these attributes to derive local characteristics of the
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events. There are definitely some links between locally coher-
ent events picked either in the time or in the depth domain for
a given velocity model (Liu 1997; Chauris et al. 2002a). They
are described by the common offset imaging equations,

T4 (s, r) = T™(s.7.%), (11)
(pi = p) + (o — i) = 0, (12)
(b = p) = (b = ) = @2 can(). (13)

where ¢ is the residual slope of the depth migrated event in the

9ZME (7mig(x, b) is the depth

migration curve of event T4 (x, b)). Let q be the sum of the

common-image gather, tan(p) =

two slowness vectors at point x (Fig. 2),
T
ox

We have: |q| = 2u(x) cos(9), u(x) being the slowness (inverse

q= = p,(x) +p,(x). (14)

of the velocity), and 6(s, x, 7) being the aperture angle. The
projection of q on the vertical axis gives the stretching factor
(Tygel, Schleicher and Hubral 1994):

q.® =2 u(x) cos(f) cos(§) (15)

where &(s, x, r) denotes the angle associated to the dip
(Fig. 2).

Considering equations (11), (12) and (13), we see that
source and receiver positions, (s, 744} and observed time,

Tt can be directly obtained by migration of attributes us-

data
s b

ing weights, s, # and T™, respectively. For the slopes (
p?) we see that in addition to the need for a migration of at-
ray |, ray

tributes of (ps”, p;
the stretching factor, g5~ , and the residual slope of the depth

), we need to apply a correction involving

migrated event in the common-image gather, ¢ (equation 13).

Position x (km)
9

Time (s)

10 11 12 13 14 15

Figure 8 Real data case. Common offset gather of the data set (offset = 500 m).
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Figure 9 Real data case. Velocities profile comparison at the position
X = 9 km. Solid line: initial velocity model, dashed line: depth picking,
dotted line: time picking.

While the stretching factor, ¢;”, can be obtained using a mi-
gration of attributes, the residual slope, ¢, has to be picked
somehow on the common-image gathers. Stereotomographic
picking involves slope picking on prestack un-migrated data. A
similar process to the one used in standard stereotomographic
picking (Billette et al. 2003), may be applied for the picking
of ¢ (Chauris et al. 2002a,b).

Finally, starting from a prestack depth migrated cube, we
see that through the picking of the residual slope in common-
image gathers and migration of attributes for s, , T, p™,
pr?, and ¢, we can build a stereotomographic dataset the-
oretically whatever the quality of the velocity model used for
the initial depth migration.

Stereotomography with picking in depth

The workflow we propose for depth velocity model building
involves a full sequence of processes. First, we have the de-
termination of the stereotomographic dataset from an initial
pre-stack depth migration. Then, from this stereotomographic

dataset, a stereotomographic optimization updates the depth
velocity model.

For the determination of the stereotomographic dataset, we
propose the following workflow:

1 Migration of depth domain attributes (T, s, ", p®,
", g
b
amplitude migration code (Nguyen et al. 2002a) adapted for

). We use a 2.5D Kirchhoff common-offset preserved

migration of attributes. It is based on wavefront construction
(Lambaré, Lucio and Hanyga 1996) which allows us to obtain
all the necessary attributes.

2 For the selected common-image gathers located at posi-
tion x™%¢ and around offset, "¢, we perform an automated
picking of the depth, ¢ and residual slope, tan(¢) of the lo-
cal events. The automated picking is based on local slant stack
panels and is directy adapted from the automated picking tool
presented in Lambaré et al. (2004).

3 At the location of the picked events (x™¢, 2%, b™%), we
perform an extraction of the attributes using relation (9). Some
regularization is introduced (Baina et al. 2002) in order to
avoid instabilities. From these attributes we directly obtain
stereotomographic parameters, (s4%, pdata Tdata),

4 We finally use the value of the residual slope, tan(gp),
picked on the common-image gathers at locations (x™¢, 2%,

b™2), in combination with attributes (P&, Pra > qs

), and ap-
ply the imaging equations (relations (11) and (12)). We obtain
the stereotomographic slopes (pd**, pdata).

For the stereotomographic optimization we use the algo-
rithm described in Billette et al. (2003) or Lambaré et al.
(2004). Stereotomography is a slope tomography method by
which the velocity model is optimized jointly with the pairs of
ray segments. The misfit function involves all the picked pa-
rameters (see expression (10)). In practice, rays are shot from
the reflecting/diffracting point towards the source and receiver
positions, for two given starting angles and two one-way travel
times.

The algorithm of stereotomography can be decomposed
into three steps:

1 initalisation of velocity model and of the pairs of ray
segments;

2 relocalisation of the ray segments in the initial velocity
model using a non linear quasi-Newton optimization scheme;

3 joint optimization of ray segments and velocity model us-
ing a non linear least-square-root scheme Paige and Saunders
(1982).

We consider smooth velocity models described by cubic car-
dinal B-splines, which are direct inputs for the ray based mi-
gration/inversion. Some regularization is introduced in order
to stabilize the optimization (Alerini ez al. 2007).

© 2008 European Association of Geoscientists & Engineers, Geophysical Prospecting, 56, 613-625
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Figure 10 Real data case. Inverted velocity models with the dipbars (location and dip of inverted local events) superimposed. Top: results for
3900 events picked in the time un-migrated domain. Bottom: results for 7800 events picked in the depth migrated domain.

APPLICATIONS
Synthetic data validation of the stereotomographic picking

We created a 2D synthetic model where four curved reflectors
are superimposed onto a smooth background with a constant
gradient of velocity with a tilted axis (Fig. 3). We generated a
2D seismic data using a Kirchhoff modelling algorithm (Baina
et al. 2002).

With this dataset, we had the opportunity to test our
stereotomographic picking in depth. In particular, we wanted
to test its sensitivity to the velocity model used for the initial
pre-stack depth migration. Let us do depth migration using as
velocity model the one resulting from the overall multiplica-
tion of the exact velocity model by a factor of 1.1 (10% per-
turbation). Only three attributes are considered here, namely

time, receiver location and source slope. The others exhibit
similar behaviour. We consider a single reflector, the third one
from the top and a single offset (offset = 100 m). Figure 4
shows the corresponding common offset depth migrated im-
age. We see that the migrated interface is not at the correct
depth.

Figures 5, 6 and 7 present comparisons of migrated at-
tributes, two way time, receiver location and source slope,
respectively. For the source slope we show the results with and
without the residual slope corrections (respectively green and
blue curves). We compare all these results picked in the depth
migrated domain to the values picked in the time un-migrated
domain (red curve). As expected, we can see that the picked
surface locations and traveltimes are immediatly valid from
the migration of attributes, while the migrated slopes, p:~,

© 2008 European Association of Geoscientists & Engineers, Geophysical Prospecting, 56, 613-625
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Figure 11 Real data case. Inverted attribute map: Left) common offset profile, for offset = 100 m; Right) common-image gather, for x = 9 km:

Top) source location, s"; Bottom) two-way traveltime, T™.

are correct only when applying the residual slope corrections
(relations (12) and (13)).

Note that the picking of slopes done in the time un-migrated
domain exhibits some artefacts (Fig. 7) because of the tripli-
cated reflection (Fig. 3). In depth, even if the wrong velocity
macro-model was used for migration (Fig. 4), the triplication
is unfolded and leads to an easier slope picking without arte-
facts (Fig. 7). Note that there is no general statement about the
unfolding of the triplications when performing depth migra-
tion with the wrong velocity model but it certainly improves
when the velocity model is not too far from the exact one.

Real data application
Data

The 2D marine pre-stack data was extracted from a 3D
data set using a cross-line isotropic time migration (Devaux,
Gardner and Rampersad 1996). An attenuation of multiples
was applied. There are 1011 shot points with an offset range
from 112.5 m to 2387.5 m, a shot interval of 12.5 m and a
receiver spacing of 25 m. The time sampling is 4 ms. Figure

8 shows the 500 m common offset section. Note that the sec-
tion exhibits a good signal-to-noise ratio, which is favourable
to stereotomographic picking in the time domain. There is a
strong vertical velocity contrast due to a salt body. The dataset
was used for several other applications of slope tomographic
methods (Le Bégat, Podvin and Lambaré 2000; Chauris et
al. 2002b). In all these applications there was a systematic
shift in depth (the migrated interfaces appear too deep when
compared to the well information) that could only be tackled
with anisotropic tomography (Devaux 2000). In our appli-
cation, we will definitely stay within isotropic approximation
but we investigate whether some improvement in the stereoto-
mographic picking could lead to a better well matching.

Picking and inversion

The initial velocity field for our inversion test is a 1D model
(Fig. 9). To validate our method, we perfomed two 2D ve-
locity model inversions: the first one with events picked in the
time un-migrated domain, the second with events picked in the
depth migrated domain according to the procedure we pro-
pose. The automated picking tool for locally coherent events,

© 2008 European Association of Geoscientists & Engineers, Geophysical Prospecting, 56, 613-625
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Figure 12 Real data case. Migrated image obtained using the inverted velocity models obtained from the stereotomographic time picking (top)

and the depth picking (bottom).

both in time and depth, is based on local slant stack panels (the
same tool was used for the synthetic data validation (Billette
et al. 2003; Lambaré et al. 2004)).

For the picking in the time un-migrated domain we picked
each 50 m in shot position and each 200 m in receiver posi-
tion for an offset range of [388, 2188] m. 3900 reliable picks
could be successfully inverted after 100 non-linear iterations
of the joint optimization. In order to keep a reasonable ratio
between data and unknowns, the velocity model is described
by B-spline nodes with 500 m horizontal and 125 m vertical
spacing. Figure 10 (top) shows the inverted velocity macro-
model, superimposed with the dipbars (location and dip of in-
verted local events) corresponding to the time picking mapped
in depth. Only the main reflectors were detected by the auto-

mated picking tool, leading to a poor coverage of the velocity
model in depth. Relaxing of the automated picking criteria al-
lowed us to densify the picking in depth but then the number
of inconsistent picked events prevented our stereotomographic
optimization from converging.

For the picking in the depth migrated domain, we used the
pre-stack depth migrated cube optained using the 1D initial
velocity model (Fig. 9). Figure 11 shows the migration of at-
tributes for attributes s, and T"™. We picked each 125 m
in position, and each 125 m in offset for an offset range of
[325, 2362] m. The first 4000 picks were inverted for about
50 non-linear iterations of the joint optimization. However,
the better signal-to-noise ratio in the depth migrated domain
allowed us to invert a denser picking (7800 events). Using

© 2008 European Association of Geoscientists & Engineers, Geophysical Prospecting, 56, 613-625
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Figure 13 Real data case. Common-image gathers obtained using the inverted velocity models obtained from the stereotomographic time picking
(top) and the depth picking (bottom). The offset range is from 112.5 m to 2387.5 m.

this new dataset we first performed 20 non-linear iterations
of the joint optimization. Figure 10 (bottom) shows the dense
depth picking and the associated inverted velocity model. We
see that the depth picking covers the main interfaces as well
as above and inside the salt body (z = 2 km to z = 2.8 km).
This improved spatial distribution of the picking explains the
improved recovery of the vertical velocity contrasts as shown
in Fig. 9. The velocity anomaly, due to the presence of salt
(around z = 2 km), is definitely clearer when using the depth
picking.

Depth migrated images

Let us have a look now at the depth migrated images obtained
with a preserved-amplitude Kirchhoff algorithm (Nguyen

et al. 2002a). The migration stacks appear quite similar for
the results obtained with the depth and time picking (Fig. 12),
nevertheless some slight improvements in the focusing can be
observed in the final migrated image (Fig. 14) obtained with
depth picking (same gain was applied to the migrated images).
Moreover, the common-image gathers are quite well flattened
(Fig. 13).

Note that for the depth picking result, due to the large
amount of data, the B-spline grid could be densified to
AX =250 m and AZ = 75 m. Additional inversion loops (50
iterations) gave an improvement for the depth position of re-
flectors. We compare in Fig. 15 our results with some reflector
depths obtained from a well (Devaux 2000). For the coarse B-
splines parameterization, similar depths (Figs 15a and b) are
obtained with time and depth picking velocity models. For
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Figure 14 Real data case. Zoom on migrated images obtained us-
ing the inverted velocity models obtained from the stereotomographic
time picking (top) and the depth picking (bottom). The depth mi-
grated image obtained with the depth picking exhibits higher ampli-
tude, demonstrating the better focusing when compared to the depth
migrated image obtained with the time picking.

the denser B-splines parameterization, we obtain an improved
positioning of the deepest reflectors with the depth picking
velocity model (Fig. 15¢).

Analysis of residuals

The cost function of Stereotomography involves misfits for all
parameters of data, d, (expression (10)). Figure 16 shows the
iterative minimization of the square root of the cost function
(normalized according to the number of events). For the curve
associated with the optimization of the depth picking datasets,
we can clearly identify the three steps of the optimization.
First, the inversion for the first dataset with 4000 events, then
the inversion for the denser dataset with 7000 events, and
finally, for the densification of the B-spline grid with 7000
events. Note that there is an increase of the normalized cost
function each time we change the dataset or the velocity grid.
This is due to the fact that each time we restart the stereoto-
mographic optimization process without taking advantage of
the information gained on the pairs of ray segments or on
the velocity model in the previous results. Nevertheless, we
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Figure 15 Real data case. Comparison of the migrated images ob-

tained for various inverted velocity models with some depth inter-
preted from a well: (a) Stereotomography with time picking (3900
events) and B-splines sampling AX = 500 m, AZ = 125 m. (b)
Stereotomography with a dense depth picking (7800 events) and
B-splines sampling AX = 500 m, AZ = 125 m. (c) Stereotomogra-
phy with a dense depth picking (7800 events) and B-splines sampling
AX =250 m, AZ =75 m. The depth of three selected horizons in the
well are indicated on the right and reported on the migrated images
with dashed red lines. The depth of the corresponding horizons picked
in the migrated images are indicated by green crosses and reported on
the well with green dashed lines.

see that the three curves are converging and provide a better
normalized misfit than for the time picking (Fig. 16).

CONCLUSIONS

We have shown with this study that stereotomography was not
limited to picking in the time un-migrated domain. We have
proposed a robust and efficient strategy for picking steroto-
mographic attributes in the depth migrated domain. No kine-
matic demigration is used as in Chauris et al. (2002a) but we
use migration of attributes for getting source and receiver po-
sitions, time and various components of slowness vectors. The
residual slope of the events is then picked on common-image
gathers and, in combination with the components of slowness
vectors obtained by migration of attributes,it is used to de-
rive the slopes of the event in the unmigrated time domain.
This correction ensures that the stereotomographic dataset is
valid, even if the velocity model used for the depth migration
is erroneous.

If both time un-migrated data and the depth migrated data
are available for stereotomographic picking, the preferable
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Figure 16 Real data case. Variation of the cost function during the iterative minimization. The cost function is normalized according to the

number of picked events.

domain will be the one exhibiting the higher signal-to-noise ra-
tio with the minimum overlapping of locally coherent events.
Depth migration domain may frequently qualify even when
an erroneous velocity model is used. However, when no ini-
tial depth migrated result is available and when the quality of
the un-migrated dataset is appropriate, the stereotomographic
picking can still be advantageously performed in the time un-
migrated domain.

Finally, we validated our new depth picking approach on
synthetic data, and then we applied the full stereotomographic
workflow to a real dataset. We compared the results of a
stereotomographic time picking and depth picking process and
demonstrated that due to a better coverage of the velocity
model, the depth picking provided a slightly improved result.
It is clear that for cases where depth migrated results exhibit a
much higher signal-to-noise ratio than the un-migrated traces,
the advantage of using stereotomographic picking in the depth

migrated domain would be more significant.
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