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VELOCITY-STACK PROCESSING

Hiz-Yigma iglemi

Ozdogan YILMAZ*

ABSTRACT

A conventional velocity-stack gather consists
of constant-velocity CMP-stacked traces. It emphasiz-
es the energy associated with the events that follow
hyperbolic travel time trajectories in the CMP gather
Amplitudes along a hyperbola on a CMP gather ideal-
ly map onto a point on a velocity-stack gather. Be-
cause a CMP gather only includes a cable-length por-
tion of a hyperbolic travel time trajectory, this map-
ping is not exact. The finite cable length, discrete
sampling along the offset axis and the closeness of
hyperbolic summation paths at near offsets cause
smearing of the stacked amplitude along the velocity
axis. Unless this smearing is removed, inverse map-
ping from velocity space (the plane of stacking ve-
locity versus two-way zero-offset time) back to offset
space (the plane of offset versus two-way travel tirne)
does not reproduce the amplitudes in the original
CMP gather. The gather resulting from the inverse
mapping can be considered as the model CMP gather
that contains only the hyperbolic events from the ac-
tual CMP gather. A least-squares minimization of ‘he
energy contained in the difference between the actaal
CMP gather and the model CMP gather removes
smearing of amplitudes on the velocity-stack gather
and increases velocity resolution. A practical appliza-
tion of this procedure is in separation of multiples
from primaries.

In this paper, a method is described to obtain
proper velocity-stack gathers with reduced amplitude
smearing. The method involves a t2-stretching in the
offset space. This stretching maps reflection ampli-
tudes along hyperbolic moveout curves to those along
parabolic moveout curves. The CMP gather is Fourier
transformed along the stretched axis. Each Fourier
component is then used in the least-squares minimiza-
tion to compute the corresponding Fourier component
of the proper velocity-stack gather. Finally inverse
transforming and unstretching yield the proper veloci-
ty-stack gather which then can be inverse mapped
back to the offset space. During this inverse map-
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OZET

Geleneksel bir hiz yigma toplulugu sabit hizla
y1igilmis OON (ortak orta nokta) izlerinden olusur.
Soz konusu topluluk, yalnizca OON toplulugundaki hi-
perbolik seyahat zamani egrilerini izleyen olaylarla
ilgili enerjiyi igerir. Bir OON toplulugundaki bir hi-
perbol boyunca yer alan genlikler, ideal olarak bir
hiz-yigma toplulugundaki bir noktay: temsil ederler.
Bir OON toplulugu, bir hiperbolik seyahat zamam
egrisinin ancak bir kablo uzunlugu kadarhik kismim
icerdiginden, bu temsil etme tam dogru degildir. Sinmir-
I1 kablo uzunlugu, agilim ekseni boyunca dmekleme-
deki stireksizlik ve yakin agilimlardski hiperbolik
toplama yollarinin tek olmayisi, hiz exseni boyunca
yigilmis genliklerin sagilmasina neden olmaktadir. Bu
sacilma giderilmedik¢e hiz ortamindan (yigma hizi
dizlemine karsi gidis-doniis sifir a¢im zamani),
agthm ortamina (agihim diizlemine karyn gidig-déniis
seyahat zamani), tersine haritalama iglemi orjinal
OON toplulugundaki genlikleri tam olarak vermez.
Tersine haritalama iglemi neticesi elde edilen toplu-
luk, gergcek OON toplulugunun yalmzca hiperbolik
olaylarimi ihtiva eden model OON toplulugu olarak
distiniilebilir. Gergek OON toplulugu ile model OON
toplulufunun igerdikleri enerji farkinin, en kiigiikk ka-
reler yontemiyle en aza indirilmesi, hiz-yigma toplu-
lugundaki genliklerin sagilmasini giderir ve hiz
aynimhihigini artinr. Bu islem pratikte birincil yansi-
malar tekrarli yansimalardan ayirmada kullanilabilir.

Bu makalede, genlik sacgilmalan olmaksizin, uy-
gun hiz-yigma topluluklar1 elde etmek icin etkin bir
yéntem tarumlanmigtir. Yontem agilim ortaminda t2-
gerilmesini gerektirir. Bu gerilme, hiperbolik normal
kayma egrileri boyunca uzanan yansima genliklerini,
parabolik normal kayma egrileri boyurca uzananlara
dénustiirir. OON toplulugunun gerilmis eksen boyunca
Fourier déniigimii alinir. Boylelikle elde edilen her
Fourier bilegeni, gerekli hiz-yigma toplulugunun uy-
gun Fourier bilegenini hesaplamak i¢in en kiigtik kare-
ler yonteminde kullamilir. Sonug olarak ters doniisim
ve gerilmenin kaldinilmas: uygun hiz-yigma toplu-
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ping, multiples, primaries or all of the hyperbolic
events can be modeled. An application of velocity-
stack processing to multiple suppression is demon-
strated with a field data example.

luganu verir. S6z konusu topluluk ise agilim orta-
nurda yeniden haritalanabilir. Bu tersine haritalama
esnasinda, tekrarli yansimalar, birincil yansimalar
veya biitiin hiperbolik olaylar modellenebilirler. Hiz
yigma igleminin tekrarh yansumalara uygulanmas: bir
saha veri drnegiyle gosterilmigtir.

INTRODUCTION

Consider th: synthetic common-midpoint (CMP)
gather in Figure lc. This gather is a composite of the
CMP gather with three primary reflections shown in Fig-
ure la and the CMP gather with one primary and its mul-
tiples shown in Figure 1b. Note that the three primaries
arrive at the same zero-offset times as the multiples,and
the moveout between the primaries and multiples is less
than 100 ms at the far offset (2350 m).

Traces in the composite CMP gather (Figure 1c) are
stacked with a range of constant velocities and the result-
ing stacked traces are displayed side by side, forming the
conventional velocity-stack gather shown in Figure 1d.
The highest stacked amplitudes occur with the actual pri-
mary and multiple velocities. The lower-amplitude hori-
zontal streaks on this velocity-stack gather are due to the
contribution of small offsets, while the large-amplitude
regions are due to the contribution of the full range of
offsets (Sherwood and Poe, 1972).

Let d (h, t) be the data in the offset space (the
plane of offset versus two-way travel time as in Figure
1c) and u (v, T) be the transformed data in the velocity
space (the plane of stacking velocity versus two-way ze-
ro-offset time as in Figure 1d). The mapping from the
offset space to the velocity space is achieved by sum-
ming over offset:

,/2 2, 2
u(v,= ¥ d(h,t =Vt +4h7/v") , (1a)

h

where t is the two-way fravel time, T is the two-way zero-
offset time, h is the half-offset and v is the stacking ve-
locity. The inverse mapping from the velocity space

back to the offset space is achieved by summing over ve-
locity:

d'(h,t) = Z u(v,T =« tz— 4h2/V2). (1b)

Figure 1d was obtained by using equation (la),
where the summation is performed over a finite range of
offsets. At first, it appears that using equation (1b),
where the summation is performed over a finite range of
velocities, the original data d (h,t) in Figure lc can be
reconstructed from the data in Figure 1d. The modeled
CMP gather d'(h, @) using equation (1b) is shown in Fig-
ure 2b. Observe the relative weakening of amplitudes at
far offsets, especially along events with large moveout.
Repeated transformations using equations (la) and (1b)
from the offset space to velocity space (Figure 2c) and

back (Figure 2d) further reduce the amplitudes at far off-
sets. Results of Figure 2 clearly demonstrate that the dis-
crete transforms given by equations (la) and (1b) are not
exact inverses of each other. The discrete summation in
equation (la) over a finite range of offsets causes map-
ping of amplitudes along a hyperbolic event in the offset
space (Figure 1c) to depart from the ideal point in the ve-
locity space and results in smearing of amplitudes along
the velocity axis (Figure 1d). Amplitude smearing means
loss of velocity resolution between two events with little
moveout difference. The velocity resolution is further re-
duced with lack of far-offset data (Figures 2b, ¢).

To reduce the amplitude smearing on conventional
velocity-stack gathers, Thorson and Claerbout (1985)
proposed a least-squares formulation of the problem.
Consider equation (1b) in matrix notation:

d'=1Luy, @)

I cell u (v, T) in equation (2) a proper velocity-stack
gather, whereby hyperbolas in offset space are represent-
ed by points in velocity space, to distinguish from the
conventional velocity-stack gather with amplitude smear-
ing. L is the matrix operator that maps each point in
u (v, 1) onto a hyperbola in d'(h,t), the modeled

CMP gather. The purpose is to find a u (v, 1) such that
the difference e (h,t) between the actual CMP gather
d(b,t) and the model CMP gather d' (h,t) is mini-
muin in a least-squares sense. Using the matrix motation
and equation (2), e (h,t) is defined as:

e=d-L u 3

The minimum error e (h,t) associated with the least-
squares solution u (v, 1) should be interpreted as being
the CMP gather that contains only the nonhyperbolic
eveats, such as random or linear noise, that may be
present in the original CMP gather d (h , 1).

The least-squares solution for u (v, ) normally re-
quires computing the inverse of the matrix LTL (T is for
transpose), which may have dimensions of 60,000 x
60,000 for a typical field data case. Inverting such a
large matrix is quite impractical.

A practical approach to solving equation (3) is giv-
en by Hampson (1986). First, the imput CMP gather is
NMO corrected; thereby resulting moveouts of the events
with originally hyperbolic moveouts are approximately
parabolic. Second, the NMO-corrected gather is Fourier
transformed in the time direction. Thus, equation (3) can
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(a)
1. (a) A synthetic CMP gather with there primary reflections; (b) a synthetic CMP gather with one primary reflection (arrival time at 0.2 s at zero-offset

Fig.

trace) and its maitiples; (c) composite CMP gather containing the primaries and multiples in (a) and (b); (d) the conventional velocity-stack gather derived

from the composite CMP gather using equation (1a). Note the amplitude smearing along the velocity axis.

1. (a) Ug yansima igeren bir sentetik OON toplulugu; (b) tek bir yansima (gelis zamam sifir agihmli izde 0.2 sn) ve onun tekrarli yansimalarim igeren bir

. Sekil

sentetik OON toplulugu; (c) (a) ve (b)'deki OON topluluklarinin birlestirilmesiyle olugan OON toplulugu; (d) (la) esitligi kullanilarak (c)'deki OON toplu-

lugundan elde edilmis klasik hiz

Hiz ekseni boyunca genlik sagilmasi1 gézlenmektedir.
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Velocity - Stack Processing 7

be rewritten for each frequency component, independent-
ly. For a typical field data case, the new form of the com-
plex matrix L may have dimensions of 60 x 60, which is
much easier to handle than the L matrix as defined origi-
nally in equation (3). Hampson (1986, 1987) applied his
technique for multiple suppression and signal enhance-
ment by random noise suppression.

As events on the NMO-corrected CMP gather deviate
from the ideal parabolic form, there can be degradation in
the ability to map those events into the velocity space
(Hampson, 1986). Moreover, stretch muting that is nor-
mally required after NMO correction can significantly re-
move the far-offset data. In this paper, I modify Hamp-
son's technique to circumvent the parabolic approxima-
tion. Specifically, in the present approach, a t2
stretching of the time axis replaces the NMO correction
of the CMP gather. This stretching converts all the hy-
perbolic events in the original CMP gather to exact para-
bolas. 1 also use the singular-value decomposition (SVD)
technique to avoid computing the direct inverse of L' L.
In the next section, this procedure is described and its ap-
plication to multiple suppression is demonstrated with a
field data example.

DESCRIPTION OF THE METHOD

Start with the synthetic CMP gather shown in Fig-
ure lc. Events on this gather have hyperbolic travel
times defined by:

1?2 = 12 + 4h*/v2, Cy

Apply stretching in the time direction by setting t' = t?
and T =12 Equation (4) then takes the form:

t'' = T + 4h?/v2, 63}

2 2
S ] 2 2

d@4hy /vy iwdh’ /v
. 1/vq

S22 ) 9
ol @4halvy iw4hy /v
e 2/v2

2 2 .
J@4h /vy RICLS AP

In the stretched coordinates, equations (la) and 1b) be-
come:

uv,T) =2 dt,t = T +4h?/v?), (6a)
h

and

dt,t) = 2u(v,T = t—4h2/v2) (6b)
v

Figure 3a shows the stretched CMP gather; note the
hyperbolas in Figure lc are replaced with parabolas. Ac-
tually, the t-transformation causes cornpression on data
before 1 s and stretching on data after | s. (A nice prop-
erty of the parabolic moveout is that it is invariant along
the t2-axis.) The sampling rate along the t2-axis was set
equal to (tmax)z/r_l_, where n is the number of samples

along the t-axis. There can be a potential problem of ali-
asing near t = 0; however, this problera should not be a
concern when dealing with field data. Applying parabolic
moveout and stacking over a range of constant velocities
(Equation 6a), we get the stretched velocity-stack gather
shown in Figure 3b. Compare with Figure 1d and note
that both velocity-stack gathers have amplitude smearing
along the velocity axis. Qur goal here is to eliminate
this smearing and enhance the velocity resolution.

By Fourier transforming equation (6b) with respect
to t', we get:

io' ahv’
d'(h,o) =3, u(v,o')e

v

' Q)

where @' is the Fourier dual ol t'. Equantion (7) can be
written in matrix form as equation (2) for each compo-

nent of d' (h, ®') and u (v, ®'), where L now is a complex
matrix:

i '4h2 2
exo) l/vp

i '4h2/ 2
el(o 2 Vp

1 '4h2 2
(:1(.0 m/vp






