MIGRATION EXAMPLES USING FOURIER TRANSFORMS

Giovanni Da Prat and Walt Lynn

Stolt's method of migration using Fourier transforms has been dis-
cussed by Claerbout (this report) and the practical implementation of the
technique by Lynn (this report). In this paper, we will show a few examples

of frequency domain, f-k, migration on both synthetic and real data.

The first example, shown in Fig. 1, is the migration of a synthetic
seismic section consisting of only three non-zero arrivals. The grid dimen-
sions are 64 traces in x with sample interval equal to 1 m and 128 points

in time with sample interval equal to 1 sec. The wave field is given by
P(x,t,z=0) = 100 8(x-32)[8(£-32)+8(t-64)+8(t-96)].

The correct migrated section should consist of three semicircles. The
partial semicircles which enter from the side of the grid are due to the periodic
boundary conditions inherent in the f-k migration method due to the use of

discrete Fourier transforms.

The inverted semicircle at the bottom, associated with the spike at
t =96, is another matter. We believe it is caused by a violation of causality,
A causal time function is represented in a discrete Fourier transform by making
the latter half of the time function zero. The causality problem can be

rectified by manipulating the phase of the DFT; however, it is easier just to

append zeros to the time traces.

A second example is shown in Fig. 2(a). In this case, the grid dimen-
sions are 64 traces in x with sample interval equal to 25 m and 512 points in
time with sample interval of 4 msec. The synthetic seismogram is a hyperbola
with a velocity of 2000 m/sec. The output for three different velocities,
1000, 2000, and 3000 m/sec, are shown in Fig. 2(b) and 3(a) and (b). Notice
in all three cases the aliasing along the x-direction. This effect comes from
a bigger sampling interval associated with x . This was not evident in the
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previous example where the sampling in x is 1 m and the sampling in t is
1 sec. As it is expected, the hyperbola collapses to a point for v = 2000 m/sec.
Undermigration is observed for v= 1000 m/sec, and overmigration is noted for

v = 3000 m/sec.

The migration of the same hyperbola with an explicit 15° wave equation
algorithm is shown in Fig. 4. The result differs from the first method in the

absence of periodicity effects.

The final example is the application of the method to real data. The
input is shown in Fig. 5. It consists of a gather from the Grand Banks off
Newfoundland. The field characteristics are: 50 m for group interval, 4-msec
sampling rate, and a near trace offset of 311 m. To get a power of two, as
required for the FFT's algorithm, the number of traces in the original gather
was increased from 48 to 64 each of 1024 time points by appending zero traces
to both sides of the grid. In addition, a few traces were set to zero since

they contained wrong seismic information.

The results for three different velocities, 1000, 2000, and 3000 m/sec,
are shown in Figs. 6, 7, and 8. Notice the similarity of the results for each

migrated hyperbola as compared with the synthetic case.

The computer time needed on our PDP-11/34 to migrate the gather for a
given velocity was 2 hr .8 min. Out of this, 1 hr was required for the FFTs
alone. The reason is that at the time the program was executed there was no
floating-point hardware. The program that does the interpolation is presented

here. The time of execution for this program was 33 min.
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complex cm(lOZb),co(|O2b),cloqqcexp,cahs
data nx/64/,nt/IO24/,5t/O.DO4/,sx/bO./

call setfil(IO,’/mnt/daprat/inter’,ﬁlZ)
call setfil(ll,’/mnt/daprat/intermult’,512)

pi=3.141592

v=b00,
delx=(2,»pi)/(nyxsx)
delz=(2,*%pi)/(ntwst*v)
delw=del z#v

nyx=nx/2+ |

nyt=nt/2+1

nyxl=nyx+|

wny=pi/st

do loop from kx=0. to kx=knyquist,

do 30 j=1,nyx

x=delxx( j-1)
read(12),(cn(i),i=1,nt)
cnlnt+t)=cm(])

do 20 i=1,nyt
c=delzw(i~1)

it=n{-i+2
1f(z.eq.0.)q0t0 5
WEVEZASQri( .+ (x/z) %x2)
go to &

W=y HX

if(wegt.wny)goto 1000
all=w/delw+].
L1=int(all)
g=ali-float(ll)
12=nt-11+2
if(j.eqeliandiiveq.1)qgoto 7
S=(=vk2)/5aqrt(x**2+,%ix2)
go to 8

S==-v

colit)=C1l.=q)xcm(11)+q*cin(ll+1)

write(6,9Y87)ycn(l1),cm(li+1)
format(e2N.6,e20.6)

if(cm(ll).eq.(O.,O.).or.cm(ll+|).e
co(it)=cm(ll)#cexp(q*cloq(cm(ll+l)

cgo to 8300
colit)=cnplx(.,0.)
co(it)=co(it)=xs

Jgoto HOOC

coli)=(l,=q)*cn(12)+q*cm(12-1)
if(cm(lZ).eq.(O.,O.).nr.cm(12~l).eq.(O.,O.))qoto H5001

co(i)=cm(12)*cexp(q*clog(cm(
ao to 6002
col(i)=cmplv(0.,0.)
coli)=co(i)*s

go to 20

co(i)=0,

co(it)=0,

12=1)/cm(12)))
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continue
write(ll),(co(i),i=1,nt)
continue

¢o 31 j=lynyx
Wwrite(o,401),(co(i),i=l,nt)
format(¥8r6.2,3r6.2)
continue

do loop Irom kx=-knyquist to kx=0.

do 40 j=nyx!,.nx

Kx=nx-—j+1
read(10),(cm(i),i=1,nt)
cnint+1)=cm(])

do 51 i=l,nvt

x=-Lkx&delx

z=delz*x(i-1)

it=nt=-i+2

if(z.eq.0.)goto 50
WaEykzksaqri (]l ,+(x/z)%%2)

go to 50

wavEsqri(xxs?)

iflw.gtewnylaoto Y9V
all=w/delw+],

Il=int(all)

g=all-float(l1)

12=nt-11+2
irticeqsleandsiieqe.l)goto 70
5=(=v*2) /s r L{xsw2+z5%x2)

go to 80

S==v
colit)=Clo=a)wcm( 1) +gkcm(LI+1)
if(cm(ll).eq.(O.,O.).or.cm(ll+l).eq.(O.,O.))qoto
coliO)=cm(l)*xcexp(ysclogl{cm(li+1)/cm(l1)))
go to ©d02

co(i)=cmplx(0.,0.)
co(it)=co(it)=s
colid=C(lo=g)kcm(12)+g*xcm(1l2-1)

CE YN
Ot

i

ifCeni(l2)veqa(0.,00)corecm(l2=1).0q.(0.,0.))90tn YOO

co(i)=cn(l2)*cexp(gwclog(cn(l2-1)/crn(12)))
go to YO0l
co(i)=cnplx(0.,0.)
co(id)=co(i)x*xs

go to Hi

co(i)=0,

co(it)=0,

continue
write(l1),(co(i),i=1,nt)
continue

do b2 j=Enyxl nx
write(o,402),(co(i),i=l,nt)
Tormal (Bfo.2,0f%.2)
continue

stop

and
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FIGURE 4.—Migration of synthetic hyperbola in Fig. 2.
An explicit 15° wave equation algorithm was used. The velocity
was 2000 m/sec. No periodicity effects are noted as compared with
Fig. 3(a).
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FIGURE 5.—Common shot gather input. Sample in X is 50 meters and in t
is 4 msec. The number of traces im the original gather was 48, but was increased
to 64 by appending zero traces to both sides of the grid (a power of two is required
by the FFT algorithm). An exponential gain, exp(0.75 t), and a spherical diver-
gence correction have been applied to the data for plotting.
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The velocity used was 1000 m/sec.

FIGURE 6.—Migrated gather of Fig. 5.
No zeros were appended to the bottom of the tra

Overmigration effects for

ces.

zeros to the input is to

g

the first arrivals are noted (the effect of appendin

reduce the effect of the periodicity [see Fi

mark the boundary of the original gather.

The arrows at the top

g- 2() D).
The same exponential gain and spher-

ical divergence correction were applied.
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FIGURE 7.—Migration of input gather in Fig. 5.

2000 m/sec.

Nearly all the energy was moved to the left for the first arrivals.

Notice aliasing along the X direction

More overmigration than in Fig. 6.

clearly noted between (0.5-2) sec, characterized by high frequencies.
appended zeros are insufficient to prevent the periodicity effect seen at

the right.
effects.

Event at about 2.3 sec apparently shows under- and overmigration

The arrows at the top and bottom mark the boundary of the

original gather.
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FIGURE 8.—Migration of input gather in Fig. 5 with velocity of

3000 m/sec.

The event at about

Compare the same
The arrows at the top and bottom mark the boundary of

Nearly all the section is overmigrated.

2.3 sec is now creeping in at the far (right) side.

7.

the original gather.

event in Fig.



