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ABSTRACT
Survey sinking migration downward continues the entire surface observed multi-shot
data to the subsurface step by step recursively. Reflected energy from reflectors at
current depth appear at zero time and zero offset in the extrapolated wavefield. The
data (seismic records) of t > 0 at this depth are equivalent to the data acquired by a
survey system deployed at this depth. This is the reason to name the process ‘survey
sinking’. The records of negative time need not to be further propagated since they
carry no information to image structures beneath the new survey system. In this
paper, we combine survey sinking with dreamlet migration. The dreamlet migration
method decomposes the seismic wavefield and one-way wave propagator by complete
time-space localized bases. The localization on time gives flexibility on time-varying
operations during depth extrapolation. In dreamlet survey sinking migration, it only
keeps the data for imaging the structures beneath the sunk survey system and gets
rid of the data already used to image structures above it. The deeper the depth is,
the shorter is the valid time records of the remaining data and less computation
is needed for one depth step continuation. For data decomposition, in addition to
time axis, dreamlet survey sinking also decomposes the data for source and receiver
gathers, which is a fully localized decomposition of prestack seismic data. A three-
scatter model is first used to demonstrate the computational feature and principle
of this method. Tests on the two-dimensional SEG/EAGE salt model show that with
reduced data sets the proposed method can still obtain good imaging quality on
complex geology structures and a strong velocity contrast environment.
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INTRODUCTIO N

Seismic data compression is intended to find efficient ways
to represent the seismic signal. The basis localized in time
has the flexibility to fit the short time duration and spatial
varying features of seismic events. The dreamlet migration

∗E-mail: bangyuwu@gmail.com

method (Wu, Wu and Geng 2008, 2009) extends the fre-
quency domain beamlet method (Wu, Wang and Luo 2008)
to a complete time-space localized wave propagation, aiming
at propagating the wavefield directly in the compressed do-
main. The temporal localized atom is termed as ‘drumbeat’
and the space-wavenumber atom, the ‘beamlet’. The dream-
let (combination of the terms drumbeat and beamlet) atom is
generated by the tensor product of the drumbeat and beam-
let, forming the time-frequency-space-wavemumber localized
atom.
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Dreamlet is a directional localized wave packet in medium
during propagation and the temporal localization can be
treated separately and differently from spatial localization.
In Wu, Wu and Gao (2009), the time localization adopted the
local exponential frames (Auscher 1994; Mao and Wu 2007),
which have redundancy 2 and the wavefield coefficients and
propagator matrix are in the complex data domain. In order
to improve the efficiency, an orthogonal dreamlet (Wu and
Wu 2010) is constructed by applying the Local Cosine Basis
(LCB) on both time and space. Orthogonal dreamlet decom-
position is the same as the multi-dimensional LCB transform,
which is a de facto standard for image compression. It not
only reduces the amount of wavefield dreamlet coefficients
but also keeps the data type real. All the propagation and
imaging processes are conducted in the real data domain for
the orthogonal dreamlet migration.

The one-way propagator is a forward marching algorithm,
which extrapolates the wavefield in a preferred direction. It
always moves the seismogram in one direction along the time
axis during depth stepping. In a frequency domain migra-
tion scheme, the successive phase shift operations and Fourier
transform cause a wrap-around effect in the time domain.
Seismic events will reappear at the other end of the time axis
after reaching zero time. However, these wrap-around records
carry no valid information to image the regions beneath the
working depth level.

Dreamlet migration can be best incorporated with the
concept of survey sinking. Survey sinking imaging methods
(Claerbout 1985; Biondi 2006) are based on the principle of
reciprocity and downward continue the entire seismic survey
depth by depth recursively. The extrapolated wavefield at the
new depth level can be considered as a data set that would have
been acquired if a fictitious acquisition system was located at
that depth level. The reflected amplitudes from subsurface re-
flectors reach zero time at zero offset in the survey-sunk wave-
field. Survey sinking migration by the dreamlet propagator
abandons the signal after it reaches zero time. Only the data
for imaging the structures beneath the current survey system
are left in the seismogram panel. In the orthogonal dreamlet
prestack survey sinking scheme, the LCB transform is applied
to the sources, receivers and time axes sequentially, which is a
fully wavefield decomposition. Therefore, the wavefield com-
pression ratio is higher than the shot-profile migration, which
decomposes the source and receiver wavefield separately. In
principle, these properties can be major factors to speed up
the migration process and still keep a good image quality.

In this paper, we first describe the concept of orthogo-
nal dreamlet decomposition. As an example, we present the

dreamlet coefficients of SEG/EAGE model surface recording
data, for common beamlet source/receiver gathers. Then we
describe the analytical dreamlet one-way propagator. Follow-
ing this, we discuss the imaging condition for the shot-profile
and survey sinking and illustrate how the dreamlet migration
takes advantage of the one-way propagation. Performance of
the method on high contrast complex salt models is demon-
strated by imaging on the 2D SEG/EAGE model.

ORTHOGONAL D REAMLET AND
PRESTACK DATA DECOMPOSITION

The seismic data set or wavefield can be represented by a lo-
cal Fourier frame, such as the Gabor-Daubechies frame, or
the local trigonometric basis (local cosine/sine bases). The lo-
cal cosine/sine bases are orthonormal (Coifman and Meyer
1991; Wickerhauser 1994) and decompose signals in sepa-
rable blocks by a fast algorithm. Research has been done to
use two-dimensional semi-adaptive local cosine/sine bases to
seismic data compression (Wang and Wu 2000) and has been
demonstrated to be an efficient scheme providing a high com-
pression ratio as well as preserving seismic information. The
other feature of the local cosine/sine transform is that it does
not change the data type and this is why, after decomposition,
the orthogonal dreamlet coefficients stay real.

Local cosine and orthogonal dreamlet bases

The local cosine basis constructed by Coiffman and Meyer
(1991) uses overlapped bell functions to window the co-
sine oscillation and is developed as a type of orthonormal
wavelet basis (see also Mallat 1999). In the space domain, the
LCB element can be characterized by position x̄n, the interval
(the nominal length of the window) Ln = x̄n+1 − x̄n and the
wavenumber index m (m = 0 . . . M-1, M denotes the total
sample points of the interval) as follows

bmn (x) =
√

2
Ln

Bn (x) cos
(
ξ̄m (x − x̄n)

)
, (1)

where ξ̄m = π

Ln
(m + 1

2 ) and Bn(x) is a bell function that is
smooth and supported in the compact interval [x̄n − ε, x̄n+1 +
ε′] for x̄n − ε ≤ x̄n+1 + ε′, where ε, ε′ are the left and right
overlapping radii.

Similarly, in the time domain, LCB can be characterized
by time location t̄ j , time interval Tj = t̄ j+1 − t̄ j and local
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frequency index i as follows

bi j (t) =
√

2
Tj

Bj (t) cos(ω̄i (t − t̄ j )) (2)

and ω̄i = π

Tj
(i + 1

2 ).
In shot-profile migration, the dreamlet basis is generated by

the tensor products of bmn(x) and bi j (t),

d(t̄ j ,ω̄i ,x̄n,ξ̄m) (t, x) = bi j (t) bmn (x) =
√

2
Tj

√
2
Ln

Bj (t) Bn (x)

× cos(ω̄i (t − t̄ j )) cos(ξ̄m(x − x̄n)). (3)

The nominal supports of the dreamlet bases are the Carte-
sian product rectangles of the nominal supports of the time
and space local cosine bases. The source and receiver wave-
fields are decomposed separately.

Dreamlet decomposition of the multi-dimensional prestack
seismic data

Survey sinking imaging downward continues the entire sur-
face acquired reflected data step by step simultaneously. For
a multi-shot non-zero offset acquisition system, the collected
data are three-dimension continuum u(t, xs, xr ), where xs and
xr stand for the source and receiver locations respectively and
t the recording time. Fig. 1 is the illustration of the trace dis-
tribution for the 2D SEG/EAGE salt model. The acquisition

Figure 1 Schematic illustration of the trace distribution for the 2D
SEG/EAGE model acquisition system. There are zero edge extensions
for the common gather calculation apertures. The original trace loca-
tion on the surface is in the middle.

has 325 shots with left-hand-side 176 receivers. The distance
of the adjacent sources is 160 feet. In Fig. 1, the horizontal
and vertical axes are the receiver and source locations. Each
vertical line is a common receiver gather and each horizon-
tal line, a common source gather. During migration, it is not
necessary to use the whole velocity profile as the computing
aperture for each gather. In the following implementation,
only limited edge extensions are added, indicated as the zero
padding areas in Fig. 1. The original received data are in the
middle.

For a three-dimensional data set u(t, xs, xr ), the dreamlet
basis used for source-receiver survey sinking imaging, in the
2D case, is generated by tensor products of bs

mn(xs), br
pq(xr )

andbi j (t),

d
(t̄ j ,ω̄i ,x̄

s
n,ξ̄s

m,x̄r
q ,ξ̄r

p)
(t, xs, xr ) = bi j (t)bs

mn(xs)br
pq(xr )

=
√

2
Tj

√
2
Ls

n

√
2
Lr

q

Bj (t)Bn(xs)Bq(xr )

× cos(ω̄i (t − t̄ j )) cos(ξ̄ s
m(xs − x̄s

n)) cos(ξ̄ r
p(xr − x̄r

q)), (4)

where ω̄i = π

Tj
(i + 1

2 ), ξ̄ s
m = π

Ls
n
(m + 1

2 ) and ξ̄ r
p = π

Lr
q
(p + 1

2 ).
The wavefield u(t, xs, xr ) at each depth can be represented

by the superposition of dreamlet atoms,

u(t, xs, xr ) =
∑

m

∑
n

∑
p

∑
q

∑
i

∑
j

〈u(t, xs, xr ), dμ̄(t, xs, xr )〉dμ̄(t, xs, xr )

=
∑

μ̄

Uμ̄dμ̄(t, xs, xr ), (5)

μ̄ = (t̄ j , ω̄i , x̄s
n, ξ̄

s
m, x̄r

q, ξ̄
r
p) is the local parameter cluster, 〈, 〉

stands for inner product with

Uμ̄ = 〈dμ̄(t, xs, xr ), u(t, xs, xr )〉

=
∫ ∫ ∫

dtdxsdxr u(t, xs, xr )dμ̄(t, xs, xr ).

Uμ̄ = U(t̄ j , ω̄i , x̄s
n, ξ̄

s
m, x̄r

q, ξ̄
r
p) is the simplified notation of the

wavefield dreamlet coefficients for source beamlet (x̄s
n, ξ̄

s
m),

receiver beamlet (x̄r
q, ξ̄

r
p) and drumbeat (t̄ j , ω̄i ).

For data set u(t, xs, xr ), the standard space-time survey sink-
ing scheme consists in two steps. First, downward continue
the receivers for common source gather uxs (t, xr ) and sec-
ond, downward continue the sources for common receiver
gather uxr (t, xs). After dreamlet decomposition, the data set
changes from u(t, xs, xr ) to U(t̄ j , ω̄i , x̄s

n, ξ̄
s
m, x̄r

q, ξ̄
r
p). Accord-

ingly, the sinking procedure is to first downward the dreamlet
coefficients for common source-beamlets Ux̄s

n,ξ̄ s
m
(t̄ j , ω̄i , x̄r

q, ξ̄
r
p)
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Figure 2 Source-receiver coordinate dreamlet coefficients for the 2D SEG/EAGE model surface received data. (a, b, c) are for the common
beamlet sources and (d, e, f) for the common beamlet receivers. The panels from left to right are for coefficients chosen at low (a, d), mid-range
(b, e) and large wavenumbers (c, f). The coarse grids are for x̄ (horizontal) and t̄ (vertical). The fine grids in each (x̄, t̄) box are for (ξ̄ , ω̄).

and then for common beamlet-receivers Ux̄r
q ,ξ̄r

p
(t̄ j , ω̄i , x̄s

n, ξ̄
s
m)

gathers.
Fig. 2 shows some common source-beamlet gathers

Ux̄s
n,ξ̄ s

m
(t̄ j , ω̄i , x̄r

q, ξ̄
r
p) (Fig. 2a–c) and common receiver-beamlet

gathers Ux̄r
q ,ξ̄r

p
(t̄ j , ω̄i , x̄s

n, ξ̄
s
m) (Fig. 2d–f) for the 2D SEG/EAGE

salt model surface collected data. The spatial and temporal

windows are uniformly partitioned and the nominal window
lengths are 16 sampling points respectively. These figures
show the sparsity in the transformed domain. We see that
most wavefield energy is distributed on several wavenum-
bers and frequencies, which is because of the energy com-
paction property of the LCB transform. All the coefficients are
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migrated to the next depth based on the local reference veloc-
ity and local perturbations (for details see Wu, Wang and Gao
2000; Chen, Wu and Chen 2006).

During migration, only the large coefficients above a cer-
tain level are migrated and the small ones are dropped off.
There is a trade-off between the efficiency and accuracy for
the different strategy on how to threshold the transformed
data. However, this topic is beyond the study of this paper.
In the following applications, we set the threshold as 10−4 of
the maximum absolute dreamlet coefficients at every depth.

SOURCE-RECE I V E R SUR V E Y S I N K I N G
IMAING IN THE D REAMLET DOMAIN

Survey sinking migration is usually conducted by recursive
implementation of the wave equation and can be achieved
in either the source-receiver or midpoint-offset coordinates.
These two domains are related via coordinate transforma-
tion. In the midpoint-offset algorithm, it has the advantage
of large apertures, which reduces the need for extensive and
irregular zero padding, especially for marine acquisition data.
This feature attracts many researchers studying the survey
sinking algorithm in the midpoint-offset domain (Claerbout
1985; Popovici 1996; Jin, Mosher and Wu 2002; Cheng et al.
2008).

In our application, the survey sinking procedure is con-
ducted in the source-receiver domain based on the one-way
wave equation. The major factor that drives us away from
the midpoint-offset domain is the lateral velocity variation.
In midpoint-offset coordinates, the survey sinking migration
operator cannot separate into a sum of an offset opera-
tor and a midpoint operator, resulting in a Taylor series of
the survey sinking operator containing the midpoint-offset
coupling terms. A non-separable operator implies that the
migration and stacking must be done simultaneously, not se-
quentially (Claerbout 2009). It has been shown that the cou-
pling terms have a huge compact on image quality when there
are strong lateral velocity variations (Hua et al. 2007). From
the following derivation, we see that the wavefield extrap-
olator in the source-receiver coordinates is the same as the
shot-profile migration. For efficiency, the propagator matrix
can be precomputed, tabularized with different velocities and
used repeatedly to sink the wavefields for different gathers.

Dreamlet source-receiver survey sinking propagator

We start with Claerbout’s (1985) source-receiver Double
Square Root (DSR) equation for a laterally varying velocity

medium in the time-space domain:

∂

∂z
u(t, xs, xr ) =

⎧⎨
⎩

√
1

v2(xs)
−

(
∂t
∂xs

)2

+
√

1
v2(xr )

−
(

∂t
∂xr

)2
⎫⎬
⎭ ∂

∂t
u (t, xs, xr ) , (6)

where v(xs) and v(xr ) correspond to the velocities at the source
location xs and receiver location xr at depth z. The DSR equa-
tion downward continues the sources and receivers simulta-
neously.

For source-receiver survey sinking imaging, downward con-
tinuing the sources and the receivers can also be done sequen-
tially. DSR equation (6) can then be split into two Single
Square Root (SSR) equations:

∂

∂z
u (t, xr ; xs) =

√
1

v2(xr )
−

(
∂t
∂xr

)2
∂

∂t
u (t, xr ; xs) , (7)

∂

∂z
u (t, xs ; xr ) =

√
1

v2(xs)
−

(
∂t
∂xs

)2
∂

∂t
u (t, xs ; xr ) . (8)

Equation (7) downward continues the receiver field (com-
mon source) and equation (8) for the source field (common
receiver). These two equations share the same form and the
operations are independent from each other. In the following,
we take equation (7) as an example for derivation.

The solution to equation (7) is

uz +�z (t, xr ; xs) = exp

⎛
⎝i

√
∂2/∂xr2 − ∂2/∂t2

v2(xr )
�z

⎞
⎠

× uz (t, xr ; xs) (9)

and

P
S = exp

⎛
⎝i

√
∂2/∂xr2 − ∂2/∂t2

v2(xr )
�z

⎞
⎠ , (10)

is the exact single square root solver. However, it cannot be
solved directly without approximations.

According to the local perturbation theory, the wavefield
is decomposed into dreamlets with windows along space and
time. The exact SSR propagator (10) is separated into a lo-
cal background homogenous propagator P

S0 and local phase-
screen corrections P

S1

uz+�z(t, xr ; xs) = P
S1

P
S0

∑
μ̄

Uμ̄dμ̄(t, xs, xr )

= P
S1

∑
μ̄

Uμ̄P
S0dμ̄(t, xs, xr ). (11)
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The local background propagator is expressed as

P
S0 = exp

(
i

√
∂2/∂xr2 − ∂2/∂t2

v2
0(x̄r

p)
�z

)
, (12)

where v0(x̄r
p) are the local constant reference velocities in the

corresponding window x̄r
p.

The evolution of dreamlets must observe the wave equation.
After propagation, a dreamlet is no longer a single dreamlet
atom and is spreading into other cells in the localized phase-
space. The redecomposition of the distorted dreamlet into new
dreamlets forms the propagator matrix elements:

uz+�z (t, xr ; xs) =
∑
μ̄′

〈
dμ̄′ , P

S1
∑

μ̄

Uμ̄P
S0dμ̄

〉
dμ̄′ (t, xs, xr )

= P
S1

∑
μ̄′

∑
μ̄

Uμ̄〈dμ̄′ , P
S0dμ̄〉dμ̄′ (t, xs, xr ). (13)

The parameters with prime denote the bases at a new depth
level. The perturbation correction operator P

S1 is applied to
(xs, xr ) in space after dreamlet propagation, so it can be pulled
out of the summations.

From equation (13) we see that the dreamlet propagator
matrix elements used for the survey sinking migration are

P
S0(μ̄′|μ̄) = 〈

dμ̄′ (t, xs, xr ), P
S0dμ̄(t, xs, xr )

〉
, (14)

which accounts for the effect of dreamlet propagation and the
cross-coupling of different dreamlets.

Substituting the dreamlet bases (equation (4) into equation
(14)), we have

P
S0(μ̄′|μ̄) = 〈dμ̄′ (t, xs, xr ), P

S0dμ̄(t, xs, xr )〉

=
∫ ∫ ∫

dtdxsdxr exp

(
i

√
∂2/∂xr2 − ∂2/∂t2

v2
0(x̄r

p)
�z

)

× bi j (t)bs
mn(xs)br

pq(xr )bi ′ j ′ (t)bs
m′n′ (xs)br

p′q′ (xr )

=
∫

dxsbs
mn(xs)bs

m′n′ (xs)
∫ ∫

dtdxr

× exp

(
i

√
∂2/∂xr2 − ∂2/∂t2

v2
0(x̄r

p)
�z

)
bi j (t)br

pq(xr )bi ′ j ′ (t)br
p′q′ (xr )

=
∫

dxsbs
mn(xs)bs

m′n′ (xs)PS0
(
t̄ j ′ , ω̄i ′ , x̄r

q′ , ξ̄
r
p′ ; t̄ j , ω̄i , x̄r

q, ξ̄
r
p

)
,
(15)

where P
S0(t̄ j ′, ω̄i ′, x̄r

q′, ξ̄
r
p′; t̄ j , ω̄i , x̄r

q, ξ̄
r
p) is the single square root

dreamlet propagator for drumbeats and receiver beamlets.

Because of the orthogonality of local cosine basis
(
∫

dxs |bs
mn(xs)|2 = 1), equation (15) can be expressed as

P
S0(μ̄′|μ̄)

=
⎧⎨
⎩

P
S0

(
t̄ j ′ , ω̄i ′ , x̄r

q′ , ξ̄ r
p′ ; t̄ j , ω̄i , x̄r

q, ξ̄
r
p

)
, if m = m′ and n = n′

0. otherwise
.

(16)

Equation (16) implies that the source-receiver survey sink-
ing dreamlet propagator is the same as the shot domain dream-
let propagator (Wu and Wu 2010). After propagation, the
common beamlet source field only spreads within receiver
dreamlets but not to other beamlet sources.

In the following, we use the analytic solution of the wave
equation in the frequency-wavenumber domain in a homoge-
neous background for the caculation of a dreamlet propagator
in the background media.

P
S0 (

t̄ j ′ , ω̄i ′ , x̄r
q′ , ξ̄

r
p′ ; t̄ j , ω̄i , x̄r

q, ξ̄
r
p

)
= real

(
1

(2π)2

∫ ∫
dωdξ r b∗

t̄ j ′ ω̄i ′
(−ω)bt̄j ω̄i (ω)b∗

x̄r
q ξ̄r

p
(−ξ r )

×bx̄r
q′ ξ̄r

p′ (ξ
r ) exp

(
i

√
ω2

v2
0(x̄r

p)
− ξ r2�z

))
. (17)

The definitions of Fourier transform from space to
wavenumber and time to frequency are

f (ξ ) =
∫

dxe−iξx f (x), (18)

f (ω) =
∫

dteiωt f (t). (19)

For a fixed (ω̄, ξ̄ ) pair, the dreamlet background propaga-
tor is a matrix because after interaction with the media, one
dreamlet coefficient will spread to other time and space cells
and different frequency wavenumber components. Although
the dreamlet propagator is derived from the complex ana-
lytic solution of the one-way wave equation in the frequency-
wavenumber domain, in equation (17), we only keep the real
part of the calculated value. As mentioned ealier, the wave-
field coefficients of the orthogonal LCB dreamlet are real. The
propagator matrix needs to be real too as the imaginary part
of the propagator elements will take no effect at all.

In order to visualize the coefficients distribution in the prop-
agator matrix, we rearrange the dreamlet propagators to see
the patterns in the time-space grids as shown in Fig. 3. The
background velocity is 2000 m/s. All the entries concentrate
on two bands in the matrix and these locations obey the
traveltime-distance relation (causality). Each small sub-matrix
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Figure 3 Coefficient distribution in the dreamlet propagator matrix. Each small sub-matrix represents the cross-coupling between different
(ω̄, ξ̄ ) components at the time-space location (t̄, x̄), as can be seen in the three zoomed-in sub-matrices.

Figure 4 A three-scatter model used to demonstrate the property of
dreamlet survey sinking migration.

represents the cross-coupling between different (ω̄, ξ̄ ) compo-
nents at this time-space location (t̄, x̄), as can be seen in the
three zoomed-in sub-matrices for details.

The local perturbation correction is implemented in the par-
tially reconstructed frequency domain u(ω, xs, xr ). The local
perturbation correction terms in equations (11) and (13) can
be written as

P
S1 = exp

(
iω

(
1

v (xr )
− 1

v0
(
x̄r

p

)
)

�z

)
,

x̄r
p − ε ≤ xr ≤ x̄r

p+1 + ε. (20)

The total local perturbation compensation for the survey
sinking migration is

P
1 = P

S1
P

R1

= exp

(
iω

(
1

v (xs)
+ 1

v (xr )
− 1

v0
(
x̄s

n

) − 1
v0

(
x̄r

p

)
)

�z

)
,

⎧⎨
⎩

x̄r
p − ε ≤ xr ≤ x̄r

p+1 + ε

x̄s
n − ε ≤ xs ≤ x̄s

n+1 + ε
, (21)

We detail the local phase screen correction algorithms as
follows:

(a) for every frequency, multiply the wavefield u(ω, xs, xr )
with the phase-shift using the actual velocity,

exp
(

iω
(

1
v (xs)

+ 1
v (xr )

)
�z

)
,

where v(xs) and v(xr ) correspond to the source and receiver
location velocities, respectively;
(b) fold the wavefield using the bell function along the com-
mon source and common receiver axes (a step of the LCB
transform);
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(c) subtract the background phase-shift using the local back-
ground velocities, i.e., multiplying

exp

(
−iω

(
1

v0
(
x̄s

n

) + 1
v0

(
x̄r

p

)
)

�z

)
,

⎧⎨
⎩

x̄r
p − ε ≤ xr ≤ x̄r

p+1 + ε

x̄s
n − ε ≤ xs ≤ x̄s

n+1 + ε
;

(d) unfold the wavefield (a step of the inverse LCB transform).

Imaging condition in source-receiver dreamlet survey sinking

The dreamlet operator sinks the whole survey to depth z and
the image is extracted by taking the wavefield amplitude at
zero time when the sources coincide with the receivers:

I(x, z) = uz(t = 0, xs = x, xr = x). (22)

An intuitive justification of this imaging condition is that
the reflection received at the surface was downward continued

Figure 5 Comparison of common source
seismograms from survey sinking using sunk
data (a, d, g, j), full data (c, f, i, l) and from
shot-profile migration (b, e, h, k) for the
same source. The first row (a, b, c) and last
row (j, k, l) are from the first and the last
depths. The second row (d, e, f) and third
row (g, h, i) are from the depths where the
first and third scatters are located.
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to the corresponding reflector at zero time and focused best
at zero offset (Claerbout 1985).

The one-way dreamlet propagator has both localizations
in time and space and processes the wavefield window by
window. For each time-space window, it only spreads the
dreamlet coefficients within its time windows and to the ear-
lier windows. If the dreamlet coefficient goes beyond the zero
time to negative after propagation, the dreamlet propagator
will cut it off. In shot profile dreamlet migration, the source
wavefield (starting from a source wavelet at the surface) and
the received reflections (data) are downward continued to
the image space separately. At every location, the image is
obtained by the cross-correlation of the two wavefields. Sur-
vey sinking imaging only needs to extrapolate the surface re-
ceived data to each depth level without generating a source
field. At each depth, we first downward continue the com-
mon beamlet-source gathers and then downward continue the
common beamlet-receiver gathers. Therefore, survey sinking
migration applies the dreamelet operator twice, first to the
sources and secondly to the receivers, sequentially. Although
different in concept and methods, shot-profile and source-
receiver survey sinking migration are equivalent in theory and
will produce similar imaging results (Biondi 2003). However,
since the dreamlet propagator can get rid of the signals with
negative time, only signals useful to image the structures be-
neath the survey system are kept during migration.

We use three scatters in a homogenous background model
(Fig. 4) to demonstrate how this works. Common source seis-
mograms are extracted in a different depth for the dreamlet
survey sinking using the sunk data, which only keeps the data
for the structures below the survey system, as shown in the left
column of Fig. 5. For comparison, in the same depth, we also
put the seismograms of the same source from the shot-profile
dreamlet migration (in the middle column of Fig. 5) and sur-
vey sinking using all data (in the right column of Fig. 5), which
corresponds with what happens in the frequency domain mi-
gration scheme. The first and last rows are seismograms at
the first and last depth; the second and third rows are the
seismograms at the depth where the first and third scatters are
located.

During the survey sinking process, the hyperbolas for each
scatter are focused when they reach their depth, whereafter
they defocus again. After the focusing depth, these events do
not contribute to imaging the scatters below. From these fig-
ures, we see that the dreamlet propagator always moves the
seismogram towards zero time (at the bottom of the time
space panel) and does not wrap around the used signal to
the beginning. So the records of the sunk data will be shorter

and shorter as the depth increases. At every imaging point,
the dreamlet survey sinking propagator will abandon all the
used data automatically. This is in sharp contrast with the
frequency domain and shot-profile migration schemes.

Dreamlet source-receiver survey sinking algorithm

The dreamlet survey sinking method is summarized by the
following steps:

(a) dreamlet decomposition of the wavefield u(t, xs, xr ) to ob-
tain the wavefield dreamlet coefficientsU(t̄ j , ω̄i , x̄s

n, ξ̄
s
m, x̄r

q, ξ̄
r
p);

(b) for each depth, first downward extrapolate the common
beamlet-source wavefield using dreamlet propagator

Ux̄s
n′ ,ξ̄ s

m′
(
t̄ j ′ , ω̄i ′ , x̄r

q′ , ξ̄
r
p′ ; z + �z

) =∑
t̄ j ,ω̄i ,x̄r

q,ξ̄r
p

P
S0(t̄ j ′ , ω̄i ′ , x̄r

q′ , ξ̄
r
p′ ; t̄ j , ω̄i , x̄r

q, ξ̄
r
p)Ux̄s

n,ξ̄ s
m

(
t̄ j , ω̄i , x̄r

q, ξ̄
r
p

)
;

Figure 6 (a) Dreamlet survey sinking migration result using sunk data;
(b) is the image by the shot-profile dreamlet method; (c) dreamlet
survey sinking using full data.
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(c) then sink the common beamlet-receiver wavefield using
the dreamlet propagator again

Ux̄r
q′′ ,ξ̄r

p′′
(
t̄ j ′′ , ω̄i ′′ , x̄s

n′′ , ξ̄
s
m′′ ; z + �z

)
=

∑
t̄ j ′ ,ω̄i ′ ,x̄q′ ,ξ̄p′

P
R0

(
t̄ j ′′ , ω̄i ′′ , x̄s

n′′ , ξ̄
s
m′′ ; t̄ j ′ , ω̄i ′ , x̄s

n′ , ξ̄
s
m′

)
U

x̄r
q′ ,ξ̄r

p′

× (
t̄ j ′ , ω̄i ′ , x̄s

n′ , ξ̄
s
m′

)
;

(d) partially reconstruct the wavefield to the space-frequency
domain for local phase screen correction;

(e) apply the imaging condition at each depth: extract the
wavefield amplitude at zero time zero offset as the image am-
plitude.

The operations in steps (b) and (c) are the same but apply
to different gathers with different reference velocities.

NUMERICAL TEST ON THE 2D S EG/EAGE
SALT MODEL

The SEG/EAGE A-A’ model is used to demonstrate the validity
of this method on complex geological structures. The original

Figure 7 In the left column (a, d, g, j) are
the common source seismograms from sur-
vey sinking migration using sunk data and
in the right column (c, f, i, l) are seismo-
grams for full data. The middle column (b,
e, h, k) is the same source from shot-profile
migration. The first row (a, b, c) and the
last row (j, k, l) are from the first and last
depths. The second row (d, e, f) and third
row (g, h, i) are from depths 1.25 km and
2.5 km.

C© 2012 European Association of Geoscientists & Engineers, Geophysical Prospecting, 61, 63–74



Dreamlet survey sinking migration 73

Figure 8 Dreamlet coefficient amount at different depths during mi-
gration. The black solid line and green solid line are for the survey
sinking using sunk data and full data, respectively; the red dashed
line and the blue dashed line are the source and receiver dreamlet
coefficients in the shot-profile migration and the brown dashed line,
their sum.

velocity model has 1200 samples in the horizontal extent and
150 samples in depth; both the sample intervals are 80 feet.
Fig. 6(a) shows the image of dreamlet survey sinking by sunk
data. Fig. 6(b) is the dreamlet shot-profile imaging result for
comparison. In Fig. 6(c), we also show the result of survey
sinking but using full data instead of sunk data. We see that
the image with sunk data is almost indiscernible from the
image using full data.

The 175th receiver side seismograms from the shot domain
dreamlet prestack depth migration are shown in the middle
column of Fig. 7 (b, e, h, k). The corresponding common
source seismograms from the sunk data are in the left column
(Fig. 7a, d, g, j) and survey sinking using full data are in the
right column (Fig. 7c, f, i, l). At a deeper depth, the signals
in the full data set do not contribute to the imaging but still
dominate the time space panel. In shot-profile migration, the
minimum and maximum velocities in the model are used to
evaluate the traveltime and the used data are cut off in the seis-
mograms for computation efficiency. So there are truncations
in the seismograms.

Fig. 8 shows the dreamlet coefficients amount variations at
every depth for the SEG/EAGE model. The black and green
solid lines stand for the survey sinking dreamlet coefficients
using the sunk data and the full data, respectively. These two
lines indicate that there is a significant amount of dream-
let coefficients being abandoned during migration. The red
dash line and the blue dash line are source and receiver wave-

field dreamlet coefficients in the shot-profile migration and
the brown dash line, their sum. At the beginning of the mi-
gration, the survey sinking dreamlet coefficients have a larger
amount than that in the shot domain. The reason is as follows.
To make the wavefield extrapolation for the whole system
valid, both source and receiver wavefields should be densely
sampled. For the 2D SEG/EAGE model, there is one point
sampling interval between sources. The source wavefield will
spread and generate more equivalent sources at the first several
steps of sinking due to the sparse shooting interval. However,
after sinking to greater depths, the dreamlet coefficients are
drastically decreased.

The wave propagation efficiency is in essence determined by
the amount of dreamlet coefficients. For the 2D SEG/EAGE
model, the total dreamlet coefficients for shot domain migra-
tion and survey sinking by full data is 3.98 and 2.11 times of
survey sinking by sunk data. The outstanding feature of the
dreamlet propagator is reducing the data amount during depth
migration. At the last depth, dreamlet coefficients in survey
sinking by sunk data are only 14.56% and 27.62% of the
coefficients in shot domain dreamlet migration and dreamlet
survey sinking by full data, respectively. The coefficients in the
shot domain can be further reduced by improving the travel-
time calculation precision but it will increase the computation
cost. Dreamlet migration cooperates with the zero time zero
offset imaging condition for the survey sinking imaging and
gets rid of the used data without additional handling.

CONCLUSIONS

In this paper, we combine dreamlet migration and survey sink-
ing imaging. The dreamlet survey sinking process only keeps
the data with physical contributions to the structures beneath
the sunk survey system and does not wrap around the seismic
data on the time axis. The reduction of the data amount in
the dreamlet domain with increased depth can not only save
the computation time and memory but also may reduce the
artefacts by the wrap around data in some cases. Further stud-
ies on migration in the compressed domain will be our future
goal, like a different strategy to threshold data and extending
to a three-dimensional case.
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