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(57) Abstract: A number of seismic stacks are precomputed (20) for known velocity fields. The velocity fields are chosen to span
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and position as first dimensions and the index of the velocity field as the last dimension. In such 3D space, any velocity field to be
used for stacking appears as a surface (S) within a volume. Projecting the seismic stacks onto that surface provides the seismic line

stacked for the velocity field of interest.
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VELOCITY ANALYSIS ON SEISMIC DATA

The present invention relates to a method of processing seismic data and provides a

technique for computing a stacked line by interpolation between known stacks.

Seismic data are collected using an array of seismic sources and seismic receivers. The
data may be collected on land using, for example, explosive charges as sources and
geophones as receivers. Alternatively, the data may be collected at sea using, for
example, airguns as sources and hydrophones as receivers. After the raw seismic data
have been acquired, the reflected signals (known as traces) received by each of the
receivers as a result of the process of actuation of a seismic energy source are processed
to form a subsurface image. The processing includes the steps of accounting for the
separation (known as offset) between sources and receivers and summing related traces

together to increase signal/noise ratio (a process known as stacking).

Figure 1 of the accompanying drawings schematically illustrates an idealised source and
receiver arrangement arranged along a line. First, second and third sources 1, 2 and 3,
respectively, cooperate with first, second and third receivers 4, 5 and 6, respectively.
The sources and receiver are arranged about a common midpoint (CMP) 7 for the
source/receiver pairs 1, 6; 2, 5; 3, 4. Seismic energy produced from the actuation of
each of the sources 1, 2 and 3 is reflected from partial reflectors such as 9 and received
by each of the receivers 4, 5 and 6. The travel time of the energy from a source to a
receiver increases with increasing distance (offset) between the source and the receiver.
The travel time is also a function of the depth of the reflectors and of the velocity of

propagation of the signal within the subsurface formations.

Figure 2 of the accompanying drawings illustrates the travel time for the situation
shown in Figure 1, as the offset increases. The round trip travel time with respect to
offset for each of the reflectors defines a curve. In this simplified situation, the curve

can be accurately defined by:

12 (offset) = (offset)” I(velocity)?® +t* (zerooffset)



WO 02/39144 PCT/GB01/04977

2

where £ is the round trip travel time, offSet is the distance between source and receiver
and velocity is the speed of propagation of seismic signals within the subsurface

formations.

During the processing of the seismic survey data, the traces are assigned to their
respective common midpoints such that the geology beneath the line of sources and
receivers can be probed at a plurality of positions. A velocity analysis is then
performed for each common midpoint and indeed for each reflector 9. This is achieved
by specifying a range of hyperbolas, as defined in the above equation, related to a range
of velocities and computing the reflection amplitude along all specified hyperbolas.
The seismic traces for a plurality of offsets are then converted in accordance with the
hyperbolas to equivalent traces having zero offset and the traces are then summed
(stacked). The resulting amplitudes at zero offset are examined to determine which
hyperbola gives the best result for each of the reflectors of each common midpoint.
Figure 3 of the accompanying drawings shows a typical example of velocity analysis at
point 7, where the velocity function selected by the user varies between a range of

known velocities functions.

Once a velocity function has been analyzed for a common midpoint, the seismic data
related to the common midpoint are then corrected to zero offset according to the
previous equation and then stacked for that particular common midpoint. The stacked
trace has an improved signal-noise ratio compared to the traces recorded at the
receivers. That process, repeated at each of the common midpoints of the line, produces
a stacked seismic line that gives an indication of the geology of the line. The quality of
the stacked line is directly related to the quality of the velocity field used for stacking.
Stacking a line is a CPU intensive process that necessitates the use of large and

powerful machines, especially if it is to be done in real time.

According to a first aspect of the invention, there is provided a seismic data processing
method in which a number of seismic stacks are precomputed for known velocity fields
which are chosen to span the range of velocities of interest, and the stacks are then

arranged in the 3D memory of a graphics computer, using time and position as first
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dimensions and the index of the velocity field as the last dimension, to provide a

seismic line stacked for a velocity field of interest.

According to a second aspect of the invention, there is provided a method of processing
seismic data, comprising the steps of:

(2) precomputing from the seismic data a plurality of seismic stacks at a plurality
of positions and for a plurality of predetermined velocity functions which span a range
of velocities of interest;

(b) arranging the stacks in a memory of a graphics computer as a three
dimensional array with time, position and index of velocity function as the three
dimensions of the arrays;

(c) selecting a velocity function within the range of velocities of interest; and

(d) using a graphics program of the computer to derive from the array of stacks a

seismic line representing seismic data stacked for the selected velocity function.
The positions may comprise common midpoints of the seismic data.

At least some of the predetermined velocity functions may be selected arbitrarily. The
predetermined velocity functions may comprise a first function and a plurality of second
functions, each of which is equal to the product of the first function and a respective

coefficient. The coefficients may be substantially evenly spaced.
The array may be a rectangular array.

The step (d) may comprise performing an interpolation. The interpolation may
comprise interpolating from a set of values in the stacks surrounding each point of the
selected velocity function. The interpolation may be a linear interpolation. The
interpolation may be a multi linear interpolation. The interpolation may be a trilinear

interpolation.

According to a third aspect of the invention, there is provided a computer programmed

to perform a method according to the first or second aspect of the invention.
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According to a fourth aspect of the invention, there is provided a program for
programming a computer to perform a method according to the first or second aspect of

the invention.

According to a fifth aspect of the invention, there is provided a storage medium for

containing a program according to the fourth aspect of the invention.

The present invention replaces the method of conventional stacking with a technique
based on interpolation that can be performed very quickly on modern graphics

computers.

The invention will be further described, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 illustrates diagrammatically a seismic source/receiver arrangement of known

type;
Figure 2 is a graph illustrating travel time against offset;
Figure 3 illustrates various velocity functions as velocity against time;

Figure 4 is a block schematic diagram illustrating a computer for performing a method

constituting an embodiment of the invention;

Figure 5 is a flow diagram illustrating a method of processing seismic data constituting

an embodiment of the invention;

Figure 6 illustrates a three dimensional array of data stored in the memory of the

computer shown in Figure 4; and

Figures 7 and 8 illustrate an example of interpolation performed by the method shown
in Figure 5.
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The computer shown in Figure 4 comprises a central processing unit (CPU) 10 provided
with an input arrangement 11 and an output arrangement 12, for example including a
display for displaying the results of the processing performed by the CPU 10. The
computer has a program memory 13 which contains a computer program for controlling
the operation of the CPU 10 to perform a seismic data processing method as described
hereinafter. The computer also has a scratchpad memory 14 for temporarily storing data
during operation of the CPU 10, including a three dimensional (3D) memory which
cooperates with graphics processing software in the program memory 13 to perform
graphics processing including interpolation. The computer therefore functions as a
graphics computer, such as a Sun or Silicon Graphics workstation or a high end PC
having sufficient memory to store a large “cube” of data and a 3D graphics card with
texture mapping which supports the OpenGL language from Silicon Graphics to

perform the interpolation.

The method performed by the computer shown in Figure 4 is illustrated in Figure 5 and
begins with a step 20 which precomputes a plurality of seismic stacks from seismic data
supplied to the computer for a plurality of known velocity fields or functions Vj,....,Vy.
In particular, the computer precalculates a stack for each common midpoint (CMP) and
for each velocity field V;. The known velocity functions are selected so as to span a
range of velocities of interest. These known velocity functions may be selected in any
suitable way and may be selected essentially arbitrarily or may be based on knowledge
or experience associated with the seismic data being processed. For example, one of the
velocity functions may be selected in accordance with any suitable criteria and the
remaining known velocity functions may be equal to the product of the known velocity
function and a set of coefficients. For example, the velocity functions may differ from
each other by fixed percentages or fixed ratios to provide evenly spaced velocity

functions spanning the range of velocities of interest.

The stacks formed in the step 20 are then arranged as a 3D array of stacks in the
memory 14 in a step 21. For example, as shown in Figure 6, the stacks are arranged in a
rectangular 3D array as a cube of data with the vertical downward dimension

representing increasing time, the right hand horizontal axis representing common
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midpoint number, and the depth axis into the plane of Figure 6 representing the velocity

fimction index with the velocity functions being indexed in increasing order of velocity.

In the 3D space containing the cube of stacked seismic data, any selected or chosen
velocity function or field is represented by a velocity surface S as illustrated in Figure 4
(provided that the values of the selected surface lie within the range of velocities
spanned by the known velocity functions, for example between the extreme or end
functions Vi and V). As shown by the step 22 in Figure 5, a velocity function is
selected for further processing of the seismic data by a user and this determines the

velocity surface S onto which the seismic data can be projected.

A step 23, for example performed within the graphics card, performs interpolation
effectively so as to define a “stacked” line of seismic data based on interpolating onto
the surface S from the individual samples of the stacks within the data cube which
surround each point of the surface S. Although this processing does not yield a true
stack, it provides a representation thereof and can be performed relatively quickly, for
example in real time, using relatively modest hardware and sofiware. A specific

example of an interpolation technique will be described hereinafter.

A step 24 outputs the seismic line, for instance by displaying it on a display of the
output arrangement 12 of the computer. A step 25 determines whether a new velocity
function has been selected. Until a new function is selected, the output for the existing
velocity function S remains available. A user may therefore examine the result of the
processing in the form of the stacked line and may decide select a new function, for
example by changing the velocity function or chosing a different function. When a new
velocity function is selected, control returns to the step 23, which performs a fresh

interpolation based on the new function.

Although the stacked traces shown in Figure 6 are illustrated as continuous traces, they
are in fact sampled and digitised so that each of the stacks comprises a plurality of
digital codes representing the instantaneous sampled amplitude at discrete time points.

The cube or space of 3D data is thus effectively divided into a plurality of cells, each of
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which is cuboidal and has at its vertices eight stack samples S(i,j,k),...., S(i+1, j+1,k+1)
as illustrated in Figure 7. The coordinate axis are shown again in Figure 7 with the
common midpoint (CMP) index increasing towards the right in the horizontal or x
dimension, time increasing downwardly in the vertical or y dimension, and velocity
function index increasing in the depth or z dimension into the plane of Figure 7. The
sample which occupies the top front left vertex of the cell is labelled as S(i,j,k) and the
remaining seven samples at the other verticies are labelled in accordance with the
convention of the axes as described hereinbefore. A sample Sp is illustrated within the
cell at a point on the velocity surface S at which it is desired to calculate the “output
sample” for the selected velocity function. Thus, the cell illustrated in Figure 7 is one
of the cells intersected by the velocity surface S and the value of each sample Sp within

a respective cell is calculated by the graphics card by interpolation.

Figure 8 illustrates the position 30 at which the sample Sp is to be calculated within the
same cell as illustrated in Figure 7. The point 30 may be anywhere within the cell,
including the surfaces, edges and verticies thereof as well as internally within the
volume of the cell. Without any loss of generality, the position of the point 30 can be
represented by the distances a, ....,f from the various faces of the cuboidal cell. Thus,
the point 30 is at a distance a from the front face and b from the rear face, a distance ¢
from the top face and d from the bottom face, and a distance e from the left face and £
from the right face, where any of the distances may be zero so that the position of the
point 30 can be specified anywhere within the cell including on the external surface
thereof.

The graphics card within the computer shown in Figure 4 performs a linear interpolation
in order to calculate the value or amplitude of the sample Sp from the samples
SG.j.K),-...,.S(+1, j+1, k+1) in accordance with a multilinear (in this case trilinear)

interpolation which may be represented as follows:

Sp = (ad.sSG, j.k+1) +bd.f.SG, j k) +ac.f.SG j+1Ek+1)
+befSG,j+1Lk) +adeSG+1, jk+1)+bdeSG+1,j,k)+aceSG+1, j+Lk+1)+
beeSG+1, j+LE)/(a+b)(c+d) e+ f))
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The interpolation is performed for every cell of the cube of data intersected by the
velocity surface S and thus provides a representation or approximation of a stacked line.
This may be repeated for a plurality of lines to give a 3D representation of the

subsurface structure of the earth represented by the seismic data.

Any suitable interpolation method may be performed within the step 23. For example,

any suitable software, such as existing graphics card software, maybe used.

It is thus possible to provide a technique which allows a good representation of a
stacked line to be derived relatively quickly and with relatively inexpensive hardware
and software. This may be used, for example, in real time. Also, different velocity
functions can be tried relatively quickly in order to allow a user to choose the best such
function to fit the seismic data. When an optimum velocity function has been selected,

it may be used for re-stacking of the seismic traces.
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CLAIMS:

1. A seismic data processing method in which a number of seismic stacks are
precomputed for known velocity fields which are chosen to span the range of velocities
of interest, and the stacks are then arranged in the 3D memory of a graphics computer,
using time and position as first dimensions and the index of the velocity field as the last

dimension, to provide a seismic line stacked for a velocity field of interest.

2. A method of processing seismic data, comprising the steps of:

() precomputing from the seismic data a plurality of seismic stacks at a plurality
of positions and for a plurality of predetermined velocity functions which span a range
of velocities of interest;

(b) arranging the stacks in a memory of a graphics computer as a three
dimensional array with time, position and index of velocity function as the three

dimensions of the array;
(c) selecting a velocity function within the range of velocities of interest; and
(d) using a graphics program of the computer to derive from the array of stacks a

seismic line representing seismic data stacked for the selected velocity function.

3. A method as claimed in claim 2, in which the positions comprise common

midpoints of the seismic data.

4., A method as claimed in claim 2 or 3, in which at least some of the

predetermined velocity functions are selected arbitrarily.

5. A method as claimed in claim 4, in which the predetermined velocity functions
comprise a first function and a plurality of second functions, each of which is equal to

the product of the first function and a respective coefficient.

6. A method as claimed in claim 5, in which the coefficients are substantially

evenly spaced.
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7. A method as claimed in any one of claims 2 to 6, in which the array is a

rectangular array.

8. A method as claimed in any one of claims 2 to 7, in which the step (d) comprises

performing an interpolation.

9. A method as claimed in claim 8, in which the interpolation comprises
interpolating from a set of values in the stacks surrounding each point of the selected

velocity function.

10. A method as claimed in claim 8 or 9, in which the interpolation is a linear

interpolation.

11. A method as claimed in claim 10, in which the interpolation is a multilinear

interpolation.

12. A method as claimed in claim 11, in which the interpolation is a trilinear

interpolation.

13. A computer programmed to perform a method as claimed in any one of the

preceding claims.

14. A program for programming a computer to perform a method as claimed in any

one of claims 1 to 12.

15. A storage medium containing a program as claimed in claim 14.
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