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ABSTRACT In recent years the acquisition, processing and interpretation of three dimensional seismic data,
for the purpose of locating gas and reservoirs, have become practical. This paper explores one way in which the
volume data can be searched and visualized, which may aid the interpreter. The illusion of looking at a three
dimensional volume can be obrained by fusing a stereoscopic pair of pictures. Each picture can be made by pro-

jecting each data point of the volume into a plane from a point where the eye is placed. The data values along

any projection line can be summed to form the picture, or only a segment along the line can be selected. By
selective projection, the volume can be searched and obscuring layers removed. The stereoscopic pictures show
the physical models in there true spatial positions. Projection of the envelope function of the seismic traces is
shown to give improved depth perception compared with projection of the position amplitudes.
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1. Introduction

The concept of displaying a three dimen-
sional data valume by numerical projection has
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been described by Harris et al (1980)(4’5’6).
The algorithm which is developed in this study
projects each data value onto an image plane
based on coordinates of the data points and the
coordinates of the projecttion points,

The general purpose of the image reconstruc-
tion procedures is to process the data to form a
pictorial image. In many scientific application it
is often necessary to determine the distribution
of some physical property (density, acoustic
impedance, brightness, etc.) of an object under
investigation(s). The value of integrals of such
a distribution can be deduced from appropriate
physical measurements. The set of the line in-
tegrals corresponding to a particular angle of
view is said to be the projection of the object.
MG) Given a number of such projections at
different angles of view, the estimation of the
corresponding distribution within the object
is a basic problem of image reconstruction from
projecttions.

A projection represents the N-1 dimensional
representation of the N dimensional object.
For example, an X-ray photograph is a two
dimensional representation of a three dimension-
al unknown object®®. This study will be
concerned with the problem of processing seis-
mic data to form images which facilitate inter-
pretation. The measured three dimensional
data are first reconstructed to form a three
dimensional image. This three dimensional
image is then projected into stereoscopic pairs
of two dimensional images. In the porjection the
three dimensional data can be weighted, or
omitted, and thus objects can be seen which
lie below obscuring layers by an appropriate
choice of weighting.

A projection will be formed by weighting
and adding all the structural details in a parti-

cular direction and thus with each projection
we can associate an orientation. In general a
single projection will provide a Aat flat view of
the volume. But a pair of projections at diff
erent view points (we choose 5 degree defere
nce in orientation) can be fused by the brain
into a single three dimensional scene((5)

2. Projection theorem

A projection is an N-1 dimensional represen-
tation of an N dimensional object, just as an X-
ray photograph is a two dimensional represen-
tation of a three dimensional unknown object(z).
A projection operator can be considered also
as a2 mapping of N dimensional function to (N-1)
dimensional function which is obtained by super-
imposing all information associated with a
particular direction or orientation. A projection
can be defined as the (N-1) dimensional function
which results from such an operation. Thus

gl(vxl):,gf(xly xz) (1)
g2 (xz)=.x2 f(xl.xz) (2)
gs(xl.Xz)'-"-Z f(xl,xz,xs)_ (3)

X3

are examples of projection functions, However,
equation (1){3) do not represent the most
general form for projections. The function
f(x1, Xz, -+, xy) is defined on an N dimensional
vector space where the N variable (X, Xz, ***Xy)
simply represents a point in the domain of f.

The numbers x,, x,, "Xy simply represent
coordinates. We can perform a change of vari-
ables and define another coordinate system. We
can then define projections by integrating
(summation) with respect to these new variables.
Let A be a matrix which accomplishes a change
of coordinates from the variables x,, X2, ", xy to
the variables t,, t., -, ty, i, €.,
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Synthetic data Projection Images ‘—-)1 Ramtek
generations Display - )
1. Stereo Pairs t 3D 'Images
r 2. Vertical [mages (2D pairs)
Tank data 3. Horizontai Calcomp g
collections Images Plotters
{-——)‘ migration ————T
l
Hilbert
transform
Fig. 1. Block diagram of image generation procedure.
(= Ax S
where t=(t;, to, -, ty) o
‘QO
);;i(xl. X2, "%, xNk) (4) o""“‘“ A\LY
wee
Since the change of coordinates is reversible, \ \ \ ¢ rotation angte X
A must be invertable so that
o
o
x=A 't o
thus f(x)=f(A 't) (5)
Fig. 2. Definition of projection in the time domain.

The left hand side of equation of (5) ex-
presses the function in terms of the variables
X,,Xz, ", X~ and the right hand side of equation
(5) expresses the same function in terms of the
variablest,, t., ', tv where both sets of variables
correspond to Cartesian coordinate systems,
We can then define a projection as
gt o, ot b ) = 30 (A (6

The projection which is define above is an
N-1 dimensional function. The examples in
equation (1)-(3) are all special cases of the above
equation (6), where the matrix A is the identity
matrix. What a projection is can be made clearer
by considering the special case N=2.Let f(x, x,re-
presents the function which will be projected.
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Projection image which is generated by sum-
ming along the Y axis is on the X axis. If 4
is the rotation angle (view point moves §
degree), projection image (along u. axis) is
on the U/, axis.

Then a new coordinate system can be defined,
and theilu, u,'coordinate system which is simply
a rotation of the(x, x,)coordinate system, as

illustrated in figure 2. The matrix A is:

u; siné

cos sin0| cosf —sinf

sinf .coséd sin@ cos@
thus x, =~u, cosé

X2 77U, 8inf —u, cos §

and g, (u,)=2 f(u,cosf—u,;sinf, u, sind
usz

+-u, cosf)
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gi(u,)= uZ fA(ulcosﬁfuz sind, u, siné
+u,cos8) (71

The projection is obtained by summation
along lines normal to the u, axis. Equation (7)
represents the general form for a projection in
two dimensions. The projection is completely
specified by the angle ¢ which represents the
orientation of the u,axis with respect to the
x: axis. In general the different projections of
a two dimensional function can be obtained by
taking the projection according to equation (7)
for each angle.

3. Projection algorithm

The process for generation of reprojection
images of reconstructed volumes is illustrated
in figure 3. The original volume elements of the
reconstructed cross section at a single level are
depicted as a two dimensional array of volumes
contained within the perspective outline of the
reconstructed volume. The outline of the re-
projection image is on the left, with the image
elements corresponding to the level of this
cross section shown as a linear array of juxtapos-
ed image elements. The amplitude of the signal
values of the volume elements located along the
projection paths perpendicular to the image
plane, centered on each image element and
passing through the reconstruction at each level,
are summed to form the linear array of image
elements in the reprojection image at the same
level. Four representative parallel summation
paths through the reconstructed volume are
illustrated in this figure.

When all volume elements at a level K have
been reprojected onto the appropriate image
elements in the reprojection image, the volume
elements at level k+1 are reprojected, and so on
until all reconstructed volume elements have

Yeen reprojected onto the appropriate image

elements. Before reprojection, the reconstructed
volume can be mathematically rotated to view
the reconstruction from any desired viewpoint.
The center of rotation can be chosen arbitrarily,
although generally chosen near the center of the
reconstructed object so that after rotation the
object does not pass out of the effective viewing
window defined by the reprojection image. For
all the reprojection images described here, ro-
tation is performed one, or two, or three times
around the each coordinate axis defined by the
center of rotation and the direction of the levels,
rows, and columns of the volume elements of
the reconstructed volume.

The processes of mathematical rotation of
the reconstructed object to obtain the view from
which the three dimensional object is perceived
may be conceptualized as a rotation of the
object in front of the observer. Geometrical
consideration for the reprojection of a cross
section after mathematical rotation are illustrat-
ed in Figure 2. The reprojection image viewed
from this orientation is the line below the cross
section that has been rotated counter-clockwise
by an angle @ about the center of the recon-
structed array.

The reprojection process is one where by
the value of each layer of volume is added to
the appropriate reprojection image elements
level by level. Computationally the volume
elements function as accumulators which are
cleared, i.e., set to zero, at the beginning of the
process of the reprojection of each layer and get
the value of next layer’s. The appropriate image
elements onto which each volume element V,, is
projected are identified by computing the point
of intersection with the projection line at a given
level perpendicular to the image plane which
passes through the center of volume element.
If the distance from the center of rotation
to the center of each volume, v in the itndirec-

tion is given by x and in thej'"direction by y,
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then the distances X,Y between the points where
the center of rotation and the center of V,, pro-

ject onto the line of the projection plane at
level K are given by:

X=x-+cosf~y-sind
Y=x+sinf +y « cosh
Z=z

where 9is the rotation angle around the
Z-axis.
Here, X is the column distance, Y is the row
distance, and Z is the level distance from the
volume point to the image element point on the
image plane. If we rotate again by the angle

¢ element around the coordinates axis X the

distance X,, Y,,and Z, between the image ele-

ment point and volume point are given by:
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Fig. 3. a.,  b,, ¢, and di: volume elements on the

first level.

ax, bk, cx anddy: volume elements on
the Kth level.
X,Y,and Z : projection direction.

A, B,C,and D : projected image.
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Fig. 4.

X=X

X ec0sf - v .sind
Y: Y ccos¢p -Z -sing

=(X. sinf*y -cosf) -cosg—2z «sing
Z,=Y «sing-+7Z .cos¢

~{x+sinfty.cosf).sing+z.cos¢

X.,Y:and Z, are the distance from the volume
element location to the image element location
in X axis, Y axis, and Z axis after the rotation
around Z axis, and X axis by ¢ and ¢ degrees,
respectively.
Figure 4 shows how the projected image

value will be shared with nine neighboring image
elements by weighting values. Weighting value

can be decided by the distance from the

E2 E1

projection ine

voume element

Diagram of the projection process to display
volume images. Picture elements of the volume
are projected one by one and added to the
output grid by interpolation. E1,E2 are view
points and G1,G2 are the projected image
points which are shared with nine neighbours.
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image point to three neighboring image elements

and given by:

Wou=W. (i) Wi (j)(i=1,2,3;i=1,2,3)
where, W.(1)=K, /K
W.(2)=K. /K
W(3)=K; /K
K=K,+K;+K;
Ki=1/D,, K,=1/D,, K;=1/D;

D,,D,,and D,are the distance from the image
point to each gridpoint which share the value of
volume element in X direction and Y direction,
or Y direction and Z direction, or Z direction
and X direction in image plane.

Fig. 5. Plotted stereoscopic pair of images of synthetic
model after projection, this shows the clear
contour of the model and stereoscopic pairs
make clear 30 volume by fusing these images.
(a) A mountain with a deep hole in the

center area.
(b) A mountain with two peaks.

4. Experiments and test

To generate the steropairs of projection
images through above algorithm, we used VAX
780 system and displayed the image on the
Ramtek 9050 graphic system.The flow diagram of
the algorithm is shown in Figure ] Andto test this
algorithm three data were chosen: two of them
are computer generated sysnthetic data and the
other is physical model tank data which are
processed by three dimensional seismic migra-
tion. All of these data from a three dimensional
volume, whose dimensions are 128 levels x 128
columns x 128 rows, although any size of data

(b)

Fig. 6. Stereoscopic pair of images of synthetic model.
These are images displayed on Ramtek.
(a) Synthetic model A
(b) Synthetic model B
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can be selected if computer memory size is
sufficient. As synthetic model, two different
shapes of volumes were generated. One is moun-
tain with two peaks as seen in Figure 5. This
mountain has two peaks which are different in
height and their contours are ellipses with non-
symmetric slope. The other synthetic model is
also a mountain with a deep hole in the center
area as shown in Figure 4.

Figure 5 is a contour plot with 4 gray level
scale. The darker is the higher level. Physical tank
data used in this paper were collected in physical

(b}

Plcture of the real physical model.

(a) A top view picture of the physical model.
Five thin plexiglas discs are supported on
thin columns above the thick plexiglas
base plate.

(b) Picture of real model. The five plexiglas
discs are coloured by black ink to get
good pictures,

Fig. 7.
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modeling tank in the Seismic Acoustic Labora-
tory at the University of Houston and processed
by two step migration method. As shown in the
Figure 7, five thin plexiglas discs stand on a
thick plexiglas with different levels. Figure 8
shows the dimensions of the model and data
collection physical characteristics. The number
on each thin plexiglas represents the level, 1 is
the lowest and 5 is highest level. Real size of the
model which is covered when all collected data
is9"x9".

Originally the data collected this model

1st trace

. l.2nd trace
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Fig. 8. Diagram of data collection map for physical

tank data. Data collected area is 9” x 9"
(128 lines X 128 traces). Five thin plexiglas
discs have different levels. The number on the
thin plexiglas disc represents the level (1 is
the lowest and § is the highest).
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Fig. 9. Time section of physical model data. This is
the time section of line 51. 128 traces and
1024 samples per each traces are plotted.

consisted of 128 lines and 128 traces and 1024
samples per traces with sampling rate 1 ms. To
make the data more convenient to process,
these data resampled and abandoned in the
beginning and in the end of each traces. Final
data volume for projection is 128 lines x 128
traces x 128 samples as shown in Figure 10.
When the volume element is projected by this
algorithm, the Apositive amplitude values may
be taken as the input values and negative values
put to zero. But also the Hilbert transform of
the migrated data may be taken, so as not
to ignore the negative values, and the envelope
projected. Above several kinds of data were
processed to get the stereoscopic pairs of projec-
tion image with different rotation angles.

The visualization of reconstructed volumes
in three dimensions can be accomplished by
appropriately viewing two projection images
which are generated at different view points by
a separation angle greater than 3 degrees but less
than 8 degrees(”(”. Two such images taken
together are referred as a ‘‘stereoscopic pair”
or just ‘“‘stereo pair’. Stereoscopic pair images
of three dimensional seismic volumes are shown

ssidwes 9z} —————y

l) \IH

fm; !
jl(ff

L 4G G UGG G s o

T T TR W\T&\««\««« il ((((((((((((((u «u«««. 182

tayer scare

Fig. 10. Time section of migrated data which is selected
only 128 samples per trace. Only five plexiglas
discs and thick plexiglas portions are taken
after resampled by 2ms.

in Figure 11. As seen in the previous section,
to generate projection images several kinds of
data were used. Figure 6 is the projection images
of synthetic models of Figure 5. Figure 10
shows the reconstructed images of migrated
tank data. When we project three dimensional
volume only positive values are taken and nega-
tive values put zero. To save negative values
these data were Hilbert transformed. After the
Hilbert transform of each data, projection images
were generated using the envelope magnitude
before and after Hilbert transform. There is not
a big differences between the two cases. But
images in Figure 11(a) are brighter than images
in Figure 11(b).

Even though we ignore the negative values
of the data, there is not a big difference. That
means only positive part is endugh to represent
the characteristics of the information of this
particular data set,

By three dimensional migration almost all
of the noise is removed and we can see very clear
images after projection and can identify the level
difference by fusing the stereoscopic pair images.
Figure 12 shows the vertical projection images
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Fig. 11. 3D migrated data projected into stereoscopic

pairs

(a) Projection images of the envelope func-
tion of the selamic amplitades.

(b) Projection images of the positive values
only of seismic traces.

of the model. Figure 13 is a series of projec-
tion images of the volume, each made from
five consecutive layers. These shows that any
portion of the data can be projected and this
method will be very useful to interpret seismic
data. Figure 14 shows the stereoscopic images
of five layers near the thick plexiglas base.
Figure 14(a) shows the images of just the re-
flection from the thick plexiglas and Figure
14(b) shows the data just above the thick plexi-
glas. Three two pairs are very different. In Figure
14(a), the black portion is the signal that passes
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Fig. 12. Vertical projection images of migrated physical
tank data.
(a) Projection image along the line direction.
(b) Projection image perpendicular to line
direction.

from the thick plexiglas. Note that the vertical
levels are the same as for the real model when
we fuse the images. But in Figure 14(b) the black
portion is the water and white portion is the tail
end of the direct reflection from the thin plexi-
glas discs. When we fuse the images in Figure
14(b), the vertical levels of each thin plexiglas
are the same as that of the real model. Stereo-
scopic pairs of projection images of particular
portions of a data volume such as the series
above, may be helpful for interpretation and
velocity analysis of seismic data.
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(a)

(b)

Fig. 13. Series of projection images of particular portion
of the date.
(a) The highest thin plexiglas disc.
(b) The 2nd highest thin plexiglas disc.

(a)

Fig. 14. Projection images (stereoscopic pairs) of

particular portion of migrated data.

(c)

81 to 85

(d)

(c) The 3rd highest thin plexiglas disc.

(d) The lowest thin plexiglas discs.

Each image is made by projecting five con-
secutive layers,

(a) Just thick plexiglas base portion.
(b) Just above the thick plexglas base.
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5. Conclusion

The technique of numerical projection has
been developed for the display of three dimen-
sional seismic volumes. Multiple projection
images from any desired angle of view can be
generated and viewed as a stereoscopic pair to
achieve three dimensional display. If a series of
projection images of three dimensional seismic
volume were generated at 2 degree angular
increments around 360 degree, the whole three
dimensional volume will be perceived.

If this technique is joined with the technique
of three dimensional seismic migration, it should
be very helpful for seismic interpretation, as
seen in Figures 11 through 14.

This study could be the first step for many
future works. For example, (1) to construct the
seismic volume projections in the frequency
domain, (2) to display seismic velocity analysis,
(3) to construct an interactive projection pro-
gram using color graphics, (4) to study the
use of orthogonal projections to reduce com-
putation time, (5) to apply the method to field
data, (6) to use other seismic attributes, such
as phase angle, for projection.
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