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INTEGRAL IMPLEMENTATION OF DIP MOVEOUT

S. M. DEREGOWSKI*

A relatively fast and accurate integral implementation of Dip Moveout is described and 
illustrated with examples using synthetic data. A proposed extension to arbitrary velocity variations 
is given.
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1. Introduction

Dip Moveout transforms the data set so that each common midpoint 
gather actually contains events from the same depth point regardless of the dip 
of reflectors, and is capable of correction to a zero-offset trace by means of a 
simple hyperbolic NMO. For a complex overburden such a transformation 
requires knowledge of the depth model. But it turns out, somewhat surprisingly, 
that first order Dip Moveout is not only structurally independent but is also 
virtually velocity independent. That is, to a very good approximation, all the 
required information is contained within the arrival times, the time dips and the 
shooting geometry.

Dip Moveout started life in the mid seventies as Sherwood’s Devilish 
[Judson, Jin Lin, Schultz, Sherwood 1979]. This being an acronym for 
Dipping Event Velocity Inequality Licked by SHerwood. Unfortunately the 
performance of the original Devilish was inadequate and the process gave 
up” for quite small dips and offsets. Devilish was followed by a whole series 
of algorithms. Yilmaz and Claerbout [1980] worked on another downward 
continuation technique which they termed Partial Prestack Migration. This 
name emphasizes the fact that Dip Moveout may be extracted as a separate 
operation from the full prestack time migration operator but obscures the fact 
that Dip Moveout is a full migration to zero offset. But this algorithm also failed 
to work satisfactorily, particularly at early times. The work at Stanford Univer
sity provided the inspiration for a theoretical paper by Derçgowski and Rocca 
[1981] from which the integral method described here has been extracted. 
Bolondi, Loinger and Rocca [1982] subsequently provided an alternative 
finite difference approach, termed Offset Continuation. A Fourier transform 
implementation was taken up by Hale [1984] at Stanford University who also

* The British Petroleum Company, Britannic House, Moor Lane, London EC2, England 
Paper presented at the 47th meeting of the EAEG, 4-7 June, 1985, Budapest, Hungary



12 S. M. Derçgowski

termed the algorithm Dip Moveout or DMO. Hale’s ideas have been imple
mented by several contractors and result in accurate if expensive algorithms. 
The integral or Kirchoff style operator, described here, is also a strong con
tender. It is relatively fast and also reasonably accurate. The integral method also 
has the advantage of being extendible to quite severe lateral velocity variations.

2. Dip Moveout claims

We will list the claims for Dip Moveout that have led to all this interest. 
These claims are only completely fulfilled in constant velocity but the process 
is robust enough to afford substantial improvements in each respect even when 
velocity varies. A perfect Dip Moveout operator would:

1. Migrate each trace to zero offset so that the stacked section becomes a 
zero-offset section.

2. This in turn implies that post DMO, but prestack, common-midpoint 
gathers would actually contain common-depth-points as defined by normal 
incidence rays. That is, reflector point dispersal is removed.

3. Because zero-offset sections are now being tied to zero-offset sections, cross- 
line ties are improved.

4. Dead traces are interpolated automatically according to local time dips.
5. Coherent noise with impossibly steep dip is removed, but at the same time 

steeply dipping fault planes are better imaged.
6. The signal-to-noise ratio is improved, especially at high offsets.
7. Stacking velocities become dip independent.
8. Velocity analysis improves and provides velocities which are more appro

priate for migration as well as stacking.
9. Diffractions are preserved ready for improved definition after migration.

10. Post stack time migration becomes equivalent to prestack time migration
but at considerably less expense.
The extent to which these claims are fulfilled is adversely affected by rapid 

velocity variations. But DMO has a wide range of applications and at worst it 
reduces to an offset adaptive dip filter which removes steeply dipping noise 
without incurring the risk of leaving spurious alignments of random noise. 
Examples of the power of DMO are given elsewhere [Derçgowski 1986].

3. The integral operator

The required impulse response is shown in Fig. 1. The output CMP, or 
CDP location, runs horizontally v/hilst the vertical axis represents the output 
zero-offset time. The Dip Moveout impulse response is a lower portion of a semi 
ellipse whose horizontal axis coincides with zero time and has a full width equal 
to the offset. The DMO ellipse bottoms at the NMO corrected time. The impulse 
response runs up the sides of the ellipse to the points where the tangents reach
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a maximum time dip corresponding to real dips of 90-degrees. The success of 
Dip Moveout in removing reflector point dispersal depends on getting the 
lateral shift as a function of time dip correct. Fortunately the lateral shift applied 
by Dip Moveout is fairly insensitive to errors in the NMO time shift. This allows 
us to delay accurate velocity analysis until after Dip Moveout has been applied, 
when it also becomes easier to do.

CDP No. X

S у 4—---- h------  G

t 0 = N M O  corrected time 

th2 - t02 + 4h2/V 2 DMO 

*m - 2h2/V DMO th 

£> Trn -  [t -  ( 1 -  х 2 т / Й 2 ) ] to

Fig. 1. Dip-moveout „smile” impulse response 
1. ábra. A „dip-moveout” eljárás impulzus válaszfüggvénye 

Рис. /. Функция ответного импульса в способе поправки за наклон.

Because the Dip Moveout operator is migrating from a common-offset 
time section to a zero-offset time section it has a very important property not 
shared by other migration operators: when we migrate from time events to 
depth events the theoretical dip range is increased. That is: a direct time-to- 
depth conversion performed on a stacked section can at most produce 45-degree 
dips but these become 90-degree dips after migration. The maximum time dip 
output by standard migration operators is therefore limited by grid aliasing and 
cost. But when applying DMO to migrate to zero offset we know that for a 
constant velocity medium the maximum observable time gradient would be 
twice the reciprocal velocity. As shown by Derçgowski and Rocca [1981] this



14 S. M. Derçgowski

allows us to introduce automatic aperture control to the Dip Moveout operator 
according to something we can call a DMO cut-off velocity. That is, if S is the 
DMO impulse response whose amplitude and phase variation are contained in 
the time variant wavelet, L, then:

Six, t, t0) = L (x , t , t0) * ô ( t - t 0( l - x 2/h2)112) if \x \<xm m  
= 0 if |x |> x m

where xm = 2h2/(VDMOth) and t\ = t% + 4h2/VjMO-
It should be noted that the DMO cut-off velocity, VDMO, has no direct 

relationship to the NMO velocity. In practice we normally set the DMO velocity 
constant and default it to 2000 m/s. It has the very important property that noise 
events, with impossibly steep time dips, are automatically dispersed. This has 
a significant effect in areas plagued by steeply dipping coherent noise. A further 
important property of Dip Moveout not shared by other 2-D migration oper
ators is that it does not require the seismic line to be a dip line. It does however 
require the shot and receiver azimuths to be along the seismic line and hence 
is upset, for example, by large marine feathering angles.

Figure 2 shows some actual impulse responses produced by our integral 
type algorithm. The synthetic section shown is a stacked section. The prestack 
data set was all zero except for certain offsets of a few CMPs. These offsets are 
900 m for CMP 10, 1000 m for CMP 50, 1500 m for CMP 110 and 2000 m at 
CMP 190. The Dip Moveout operator’s amplitude and phase variation are also 
illustrated. Although not obvious from the figure the phase changes in a time 
variant manner from 45-degrees at high offsets to zero at very small offsets. This 
time variation has been obtained by windowing the half differential operator 
[Derçgowski and Brown 1983, equations 17, 18] according to a triangular or 
Bartlett window whose length is determined by the depth of the impulse res
ponse:

L(x, t, t0) = a(x)f(t, t0) (2)
f ( t , t 0) = B(t, t0) D l/2( - t )  (3)

where

and

B(t, to) 1 —(t0 — t)/ATm if t0 — ATm < t < t0
0 otherwise

1 <5(0 1 # (0

Dll2{t)~ f i W \  2 1'|3/2
(4)

However what will be obvious to Dip Moveout experts is that, in this imple
mentation, the amplitudes do not increase along the impulse response, at high 
offsets and small travel times, as required by the constant velocity wave equa
tion. This is because these wave equation effects have been considered of 
secondary importance and have been omitted from the weighting function of 
the integral operator. Their introduction would increase the run time by about
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five per cent. The weighting function is instead defined according to the cut-off 
velocity and follows the quadratic form suggested by Derçgowski and Rocca 
[1981]:

Vta
a(x) = ~ { \  - A x 2)

= ai - a 2x 2
But rather than using the various seismic parameters in its definition we 

simply require that the amplitude goes to zero at the maximum time slope, as 
defined by the cut-off velocity, in order to obtain a weighting function of the 
form:

Fig. 2. Impulse responses at different offsets
2. ábra. Különböző robbantópont-geofon távolsághoz tartozó impulzus válaszfüggvények

Puc. 2. Функции ответных импульсов при различных расстояниях между взрывпунктом
и сейсмоприемником.
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The above equation may be regarded as the small offset approximation of 
the previous one. It has the numerical advantage of being directly determined 
by the aperture, xm, of the DMO operator. The above equations ( 1)—(5) effectively 
define the integral X — T algorithm we are using. In practice it is not necessary 
to sort the input data into common-offset subsets. Figure 3 shows the data flow 
to an implementation which works from CMP-ordered data, and outputs results 
in the same order. Other forms of gather can equally well be accommodated.

Area of input CMP gathers 
currently being stacked into 

the output CMP gather

Station

Numbers

Fig. 3. Data flow in the algorithm 
3. ábra. Adatáramlás az algoritmusban 

Рис. 3. Перемещение данных в альгоритме.

Cost is directly proportional to the extent of coverage and the mean 
aperture, and is inversely proportional to the time sampling interval. One way 
of reducing cost is to reduce the number of offset planes by partial stacking. 
This, however, requires knowledge of reasonably accurate velocities and in 
regions of steep dip the NMO function used for DMO should differ from that 
required for stacking. Also at high offsets the DMO operator is too offset- 
dependent for this scheme to ma' ain accuracy. Consequently we almost 
always image all offset planes individually. The second way to cut cost is to 
increase the time sampling interval. The advantage here is that if we ignore the
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implied high frequency loss then the algorithm becomes less dispersive for steep 
dips and coarse CMP spacing. In practice this means that data with a coarse 
CMP spacing are resampled. Thus 2 ms time sampling would only be used for 
a 10 m CMP spacing, and for a 25 m trace spacing a 6 ms interval is often used. 
Finally we could increase the dip limiting velocity as this directly affects the 
mean aperture. Doubling the DMO cut-off velocity halves the run time. But 
note that if the dip limiting velocity is set to twice the RMS then we end up with 
a 30-degree algorithm rather than a 90-degree one. There is, therefore, a signifi
cant danger of losing real steep events if the DMO cut-off velocity is increased 
much above the 2000 m/s default.

4. Reflector point dispersal

We will now have a closer look at reflector point dispersal. Figure 4 shows 
the reflection geometry for a given shot and geophone location. The zero-offset 
travel path corresponds to the normal incidence ray; h is the half offset and AL 
is a measure of the reflector point dispersal. We see that if the surface midpoint 
is kept constant and the offset increased then the reflection point climbs up-dip 
by a distance proportional to the square of the offset and inversely proportional 
to the zero-offset time.

D

Fig. 4. Reflector point smear or dispersal, at a given CMP, as a function of dip and offset
4. ábra. A reflektáló pont diszperziója egy adott közös középpontra, a dőlés és 

a robbantópont-geofon távolság függvényében
Puc. 4. Дисперсия отражающей точки в заданном общем центре в зависимости от падения 

слоев и от расстояния между взрывпунктом и сейсмоприемником.

Figure 5 shows a stack over a synthetic data set without Dip Moveout. This 
data set was produced by simple raytracing over a constant velocity-depth 
model The smallest offset in this 12-fold data set was set rather high at 1925 m
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and the largest was 2500 m. The stacking velocity was set equal to the constant 
velocity of the medium and hence is only correct for the horizontal events. The 
raytracing failed to pick up a couple of reflections at CDP 438. This is fortunate 
as the same data served to illustrate the interpolative properties of Dip 
Moveout. It is noticeable that the dipping events become progressively more 
affected by reflector point dispersal and mis-stack as they become shallower.

500 450 400 350

spacing: 12.5 m, time sampling: 4 ms
5. ábra. 12-szeres fedésű szintetikus szelvény DMO nélkül. Robbantópont-geofon távolság: 

1925 m-2500 m, geofonköz: 12.5 m. mintavételi köz: 4 ms
Puc. 5. Синтетический профиль с 12-кратным перекрытием без DMO. Расстояние между 
взрывпунктом и сейсмоприемником: 1925 м-2500 м, между сейсмоприемниками: 12,5 м,

интервал отсчетов: 4 мс.
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The left-hand arrow at the top of the section shows where the normal incidence 
reflection from the shallow dipping reflector should terminate. Because of the 
large inner offset its reflector point is dispersed so that the energy first appears 
in the CMP gather down-dip at the right-hand arrow.

Figure 6 shows the same data set, but stacked after Dip Moveout. It is 
pointed out that the relatively large migration distance of 625 m for the upper

500 450 400 350

0-0

0 -5

1.0

1 .5

0 .0

2 -5

3 .0

Fig. 6. 12-fold synthetic data stacked with DMO. Offset range: 1925 m-2500 m, trace spacing:
12.5 m. time sampling: 4 ms

6. ábra. 12-szeres fedésű szintetikus szelvény DMO-val. A modell paraméterek azonosak az 5.
ábráéval

Puc. 6. Синтетический профиль с 12-кратным перекрытием с DMO. Параметры те же, что
и на рис. 5.
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termination point of the shallow dipping event has been correctly imaged to zero 
offset. This is the extent of the reflector point dispersal which would have been 
seen on the previous figure had the low offsets been included. The shallow, 
steeply dipping event is now well stacked. Also notable is the fact that the 
missing events have been interpolated.

5. Extension to complex overburdens

It has been mentioned that Dip Moveout is adversely affected by rapid 
velocity variations. Noise reduction apart. Dip Moveout benefits us by reducing 
reflector point dispersal [Derçgowski 1982]. Reflector point dispersal is, how
ever, only completely removed in constant velocity. The first sign that all is not 
well is that, although the velocity analysis is still easier to pick, the stacked result 
shows little if any real improvement in resolution over the original stack. The 
final breakdown occurs when the velocity analysis also shows no benefit and we 
simply lose any steeply dipping coherent noise. That is, when the Dip Moveout 
operator degenerates into a prestack dip limiting filter. As shown in Fig. 7 one 
solution is to ensure that Dip Moveout removes reflector point dispersal for a 
particular dip and overburden, by raytracing through an assumed velocity- 
depth model. The procedure is to find the reflection point, within the velocity- 
depth model, for the given offset, CMP and reflector. A normal incidence ray 
is then traced from the reflection point to the datum surface. This normal 
incidence ray gives us the required output time, t, the zero offset time dip, M, 
and the required DMO migration distance. Ay. The impulse response of the 
DMO operator is now distorted in order to remove completely the measured 
reflector point dispersal for the assumed dip, 0.

— -  A y  J*-----

S CMP CDP G

M = 2 y— = output time slope (zero offset)

Fig. 7. Raytrace definition of DMO
7. ábra. A DMO eljárás 
sugárvezetéses definíciója
Рис, 7. Определение способа DMO 
через лучевую проводимость.

Figure 8 shows the proposed distortion of the DMO ellipse. We stretch the 
horizontal axis by the factor, y, required to produce the correct migration shift.
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Ay, in order te remove reflector point dispersal, but we also need to converse 
the required time dip, M , at the zero offset output time, /.To control both of 
these variables simultaneously we need another independent variable we can set. 
This is found in the NMO correction applied before the DMO operator. The 
normal moveout correction determines the timing, /0, of the bottom of the dip- 
moveout ellipse. Instead of being determined by a stacking velocity this correc
tion, together with the factor, y, are now computed simultaneously according 
to the ray trace modelled time slope, M , and the required migration distance. 
Ay. That is, the pre-DMO NMO is also determined by raytracing through the 
assumed velocity-depth model. As 1 hope to demonstrate in a future paper, by 
using a raytrace defined stretch factor combined with a raytrace defined NMO, 
we can greatly enhance the removal of reflector point dispersal for specific 
events and still retain most of the other benefits of the constant velocity oper
ator.

t„2 = t 1 + Mt Л у

(1) NMO' t„-*-t„

(2) DMO h —► 8 h

Fig. 8. DMO ellipse distorted by stretching the horizontal axis according to raytraced results. 
The stretch factor is time and space variant and can become pure imaginary

8. ábra. DMO ellipszis, a sugárútvezetési eredményeknek megfelelő horizontális nyújtással.
A nyújtási faktor időben és térben változik és teljesen képzetessé is válhat

Puc. 8. Эллипс DMO, растянутый по горизонтали в соответствии с результатами лучевой 
проводимости. Фактор растяжения меняется как в пространстве, так и во времени, 

и может стать мнимой величиной.

6. Conclusions

DMO is a ubiquitous extension of CMP stacking affording many benefits. 
Of a number of methods of implementation, the integral in X -  T space as 
explained here, is the most direct, easly understood and controllable in its effects 
such as the maximum time dip retained. It is also efficient in that data traces



22 S. M. Derçgowski

do not need to be resorted but can be handled in and out in any required order. 
One processing advantage of the standard operator is that it requires minimal 
control parameter selection. Apart from getting the shooting geometry right we 
need merely specify an approximate average NMO function. It should also be 
possible to extend dip-moveout theory in order to produce improved CDP 
stacks for quite complex overburdens. This should allow us to produce useful 
images in areas which might otherwise require full prestack depth migrations 
but at a fraction of the cost.
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A DŐLÉSKORREKCIÓS (DMO) ELJÁRÁS MEGVALÓSÍTÁSA INTEGRÁL
OPERÁTORRAL

S. M. DERÇGOWSKI

A cikk a „dip-moveout” eljárás viszonylag gyors és pontos, integrál operátorral történő 
megvalósítását írja le és mutatja be szintetikus adatokon. Tetszőleges sebességváltozások esetére 
megoldást javasol.

ПРИМЕНЕНИЕ СПОСОБА ПОПРАВКИ ЗА НАКЛОН (DMO) С ИНТЕГРАЛЬНЫМ
ОПЕРАТОРОМ

С. М. ДЕРЕНГОВСКИ

В статье дается описание применения способа поправки за наклон с интегральным 
оператором, обеспечивающим сравнительно высокие скорость и точность, и представляются 
результаты, полученные на синтетических данных. Предлагается решение для произвольных 
изменений скоростей.


