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THE EFFECT OF NORMAL CORRECTION ERRORS ON THE
STACKING OF COMMON-DEPTH-POINT TRACES

T. BODOKY-ZS. SZEIDOVITZ*

The analog processing of seismic stacking profiles consists of two basic steps::
normal correction of single-coverage profiles and stacking.

When investigating stacking problems from different points of view, it is
generally assumed that normal correction can be carried out accurately, i.e. the
individual arrivals of the channels to be stacked can be brought into full phase-
identity. Experiences gathered in areas with poor energy conditions and high noise-
level, however, contradict this assumption. Therefore it will be tried to follow
the effect of correction errors throughout the course of the stacking process.

Assuming the traces are normalized, the transfer function of stacking is
/
S(co) =" _ednT,
(o) =" @

where / is the coverage number, r, the time-shift between identical phase points
of the reference and of the i-th trace.

If the correction itself is considered as free of error, T will indicate, in an actual
case, some fixed phase-shift on each channel. If, however, the correction is considered
as burdened with error, this phase-shift may assume various values. Within a
certain part of a section, where the signal-to-noise ratio can be regarded as constant,
every possible value of error has a cetain probability of occurrence. Let us denote
the possible values of the error by x, the corresponding probabilities by p(x), and let
us consider M{S(a>)} the expectable value of the transfer function for a given error-
distribution. (The treatment of errors as random variables is reasonable due to the
great number of single-coverage traces in the profile). In this case, in Relation (1),
(t +x), i.e. the error-burdened value of the phase-shift must be taken instead of x.
and the expected value of the transfer function will be
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p(x1)=p(xn)= .. .p{X) =p(x)

A A I(X)dx,

Tlie expected value of the transfer function is consequently the product of the
error-free transfer function and of an integral expression depending on the error.

The relation obtained becomes still simple, if only the case of primary reflexion
is considered, where

r.=0.

For the primary reflexion,
M{S(co)}— ] elmp{x)dx.

By means of the expected value of the transfer function, the expected signal
energy loss as related to the case of error-free correction can be estimated. Denoting
the expected loss by

J [II{*S(co)}*(co)]2dco

a=~-"

3 [$(#>)/1(co)] 2D
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For a primary reflexion:

\] [J/ \]eiam(x) dx\ A (to)j dm
2
j IfA (v)]2doj

where A(co) is the spectrum of the arrival.

Since constant/ can be eliminated from the integrals by division, the expected
signal-energy loss does not depend on the number of coverage but only on the error
distribution and on the spectrum of the arrival. In what follows, the error distribution
will be estimated from actual field material, and the expected energy loss will be
given with respect to this distribution, as a function of error scattering for some
possible spectra.

Before passing to the actual calculations, a few words are in order regarding
multiples. The transfer function for primaries is constant, therefore the expected
effect of the error depends, in case of identical input signals, on the scattering of
the error alone. Its calculation and representation is, therefore, comparatively simple.
The situation is much more complicated for the case of multiple arrivals. Here, the
error-free value of the transfer function depends on the RMO series of the stacked
trace (Bodoky, 1970). This tansfer function is distorted by the error, and the expected
effect upon a multiple is a function of/variables (f-1 EM O values, and the scattering
ofgtge error). For threefold stacking this was investigated in detail by P. Halasz,
1970.

The distribution of correction errors

If one has to treat the correction errors also in practice, the question arises at
once: what is to be considered as correction error and how can it be estimated from
the actual field records?

In the present investigation the time data of an uncurved good horizon, read
out from all coverages, were corrected with static corrections computed and improved
in field work with routine methods, dynamic correction prescribed (for analog pro-
cessing) and compared with the theoretical, statically and dynamically corrected
time-distance curves, i.e. with straight lines. The deviations were accepted as correc-
tion errors. The investigations were performed on six Samples, each including 200-300
traces, from the Nyir region stacking profile of 1969.

The frequency histograms of the correction errors of these samples are shown
in Figs. 1-6.

As to the distribution of correction errors it was as reasonable null hypothesis
to assume that they obey a normal distribution, since they are presumably results
of several smaller, independently acting factors. This is also corroborated by the
frequency histograms. In order to avoid sampling errors, the sampled data were
put together in seven intervals, each of 3 msec length, and a test of fitting was carried
out on them by the y- test (Vince, 1968).

4 Geofizikai Kozi. XX. 3—4.
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Fig. 1 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-4 profile

1. abra. A normal korrekcié hibainak
gyakorisagi hisztogramja a No-4 vo-
nalb6l vett mintanal

Puc. 1. lucTorpamma nOBTOPSEMOCTU
norpewHocTeli AMHaMUYeCKMX NOMNpaBoK
ONA BbIGOPKM 3anuceil, NOMYYeHHbIX N0
npogunio No-4

Fig. 2 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-5b profile

2. abra. A normal korrekci6 hibainak
gyakorisagi hisztogramja a No-5b vo-
nalbél vett mintanal

Puc. 2. [uctorpamma noBTOpPSEMOCTYU
norpewHocTel AMHAMUYeCKMX MONPaBoK
ONA BbIOOPKM 3anuceid, NOAyYeHHbIX MO
npoguno No-56
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Fig. 3 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-6 profile (first

sample)

3. abra. A normal korrekci6 hibainak
gyakorisagi hisztogramja a No-6 vo-
nalbél vett elsé mintanal

Puc. 3. luctorpamma noBTOPSAEMOCTU
NOrpeLwHoOCTell AMHaMUYECKMX MOMpPaBoK
NS NepBOi BbIOOPKWU 3anuceid, NONy4eH-

HbIX No npodunto No-6

Fig. 4 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-6 profile (second

sample)

4. é4bra. A normél korrekcié hibdainak
gyakorisagi hisztogramja a No-6 vo-

nalbél vett méasodik mintanal
Puc. 4. Tlnctorpamma mnoBTOPAEMOCTH
NOrpeLHOCTell AMHAMMUYECKMX MOMPaBOK

ANA BTOPO BbLIGOPKM 3anuceir, nony-
YeHHbIX Nno npogunto No-6

4*

No-6

No-6
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Fig. 5 Frequency histogram of the
No -8a normal-correction errors, sample tak-
en from the No-8a profile

5. abra. A normal korrekcié hibainak
gyakorisagi hisztogramja a No-8a vo-
nalbél vett mintanal

Puc. 5. TlucTtorpamma noBTOpPAEMOCTU
NOrpeLLtHOCTeR AUHAMUYECKMX MOMPaBoOK
4na BbIOOPKM 3anuceid, MOAYYeHHbIX MO
npogunio No-8a

No -Bb

Fig. 6 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-8b profile

6. abra. A normal korrekcié hibéinak
gyakorisagi hisztogramja a No-8b vo-
nalb6l vett mintanal

Puc. 6. luctorpamma noBTOPSAEMOCTU
NOrpeLHOCTel  AMHAMMYECKMX NOMPaBoK
ona BbIOOPKM 3anucei, MOAyYeHHbIX Mo
npogunto No-86
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The results of the computations are shown in a tabular form:

Sample No-4 No-5b No-6/1 No-6/11 No-8a j5To-8b
N 283 228 281 293 319 237
M(X) 1,19 0,83 1,68 0,04 0,53 1,22
a 4,87 5,04 4,81 3,25 3,32 5,75
/a 3,94 13,78 5,68 10,06 8,42 11,87
where N =number of traces investigated

M(x) =expected value of the error, msec
a =SD of the error
y4 =test result

The expected value and the standard deviation were estimated from the data;
thus the number degrees of freedom of the test was 7-1-2 = 4. For sake of compa-
rison, the critical values of the ~f-test with a degree of freedom of 4 are presented:

Probability Critical values for the
in percents application of the test

90,0 7,78

95,0 9,49

97,5 111

99,0 13,3

99,5 14,9

99,9 18,0

99,95 20,0

On the basis of the test, the initial hypothesis was accepted. (If the dynamical
correction is erroneous, then the normal error distribution will surely not hold,
the symmetry of the histogram will disappear. The analysis of correction errors
provides a possible way also for checking the velocity function applied).

The expected signal-energy loss

Accepting error distribution as a normal one, the exjjected signal-energy loss
was determined as a function of the standard deviation. The calculation was carried
out for Ricker-wavelet Spectra of 30, 40, 50, resp. 60 cps peak frequencies (Rickek.
1953).

The results of the calculation are shown in Figs. 7-10.

The purpose of multifold recording is generally a double one. Multiple reflexions
cian be filtered, and the signal-to-noise ratio improved, considering random noises
alone.
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-dB

Fig. 7 Signal energy loss in stacking as function
of the standard deviation of correction error, for
input signals of 30 cps peak frequency

7. &bra. Az 0sszegzésnél beallo jel energia veszte-
ség a normal korrekcio hiba szorasanak figgvé-
nyében 30 Hz csucsfrekvencidji bemend jelnél

Puc. 7. ToTeps aHeprum curHana, Hamevarowiasaca npu

CYMMMPOBaHWKM, B 3aBUCMMOCTW OT pasbpoca norpeLu-

HOCTEN AMHaMUYECKMX NMOMPaBOK MpW YacToTe BXOAHOMO
curHana 30 ry,

-dB

Fig. 8 Signal energy loss in stacking as function
of the standard deviation of correction error, for
input signal of 40 cps peak frequency

8. dabra. Az 6sszegzésnél bealld jel energia veszte-
ség a normal korrekcié hiba szorasanak fliggvé-
nyében 40 Hz csucsfrekvenciajio bemend jelnél

Puc. 8. lMoTeps aHepruu curHana, HameyaroLlascs npu

CYyMMWPOBaHUK, B 3aBMCMMOCTM OT pasbpoca norpeLu-

HOCTel AMHaMMUYECKMX NONPaBoK NpU YacToTe BXOLHOIO
curHana 40 ry
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Fig. 9 Signal energy loss in stacking as function of
the standard deviation of correction error, for input
signals of 50 cps peak frequency

9. abra. Az osszegzésnél bealld jel energia veszte-
ség a normal korrekcié hiba szdrasanak fliggvé-
nyében 50 Hz cslcsfrekvencidaju bemend jelnél

Puc. 9. MoTeps 3Heprum curHana, Hamevarowaaca npu

CYyMMVPOBaHUK, B 3aBUCUMOCTM OT pasbpoca norpeu-

HOCTell AMHaMUYecKUX NOMNpaBOK NPU 4acToTe BXOLHOMO
curHana 50 ry

Fig. 10 Signal energy loss in stacking as function
of the standard deviation of correction error, for
input signals of 60 cps peak frequency

10. abra. Az 0sszegzésnél bealld jel energia veszte-
ség a normal korrekcio hiba szorasanak fliggvé-
nyében 60 Hz csucsfrekcenciaja bemend jelnél

Puc. 10. MoTeps sHeprumn curHana, Hamevarowasca npu

CYyMMWpPOBaHUK, B 3aBMCMMOCTM OT pasbpoca norpeLu-

HOCTel AMHaMM4YecKMX MonpaBoK MpuW 4acToTe BXO4HOI0O
curHana 60 ruy
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In noisy areas under poor energy conditions, where even the recording of primary
reflexions meets difficulties, the improvement of the signal-to-random noise ratio
is of decisive significance. It appears from the calculations that in such areas the
signal-to-noise ratio improvement which could be expected from multiple coverage
may be lost even in cases of relatively small correction errors, especially in case of
high frequency arrivals. Namely

signal /-fold stacking 1_ signal * - signal
noise Yf noise noise

where / is the number of traces stacked. In three-fold stacking, the expected im-
provement is 4,8 dB, in six-fold stacking, 7,8 dB, in twelve-fold stacking, 10,8 dB.

Consequently, the advantages of CDP methods can be exploited only if a suffi-
cienty accurate correction, involving not greater error scattering than 1-2 msec
is applied. The precondition of the determination of a correction of such a high degree
of accuracy is, on the other hand, a good signal-to-noise ratio of single coverages.
This can be improved by diminishing the size of spread parameters,—offset, seis-
mometer spacing. The optimum performance of multiple filtering, however, is bound
to certain definite sizes of the parameters (Bodoky, 1970).

Consequently, if necessary in the interest of proper signal-to-noise ratio, the
optimum multiple filtering effect of CDP systems must be sacrificed.
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BODOKY TAMAS—SZEIDOVITZ GYOZONE

A NORMALKORREKCIO HIBAINAK HATASA
A KOZOS MELYSEGPONTOS CSATORNAK OSSZEGEZESENEL

A tanulmany a kdz0s mélységpontos csatorndk dsszegezését korrekcios hiba jelen-
lIétében vizsgalja és az 6sszegezes atviteli fliggvényét erre az esetre vezeti le. A korrekcios
hiba eloszlasat konkrét mérési anyagon vizsgalja, és a vizsgalat eredményeképpen normal
eloszlasnak fogadja el a hibaeloszlast. Kulonb6z6 csdcsfrekvenciaju beérkezésekhez a
korrekcios hibak okozta jel-energia veszteséget a hiba szorasanak fliggvényében szamitja
ki. Az eredményekbdl lathat6, hogy az &sszegzés érzékenysége a korrekcios hibakkal
szemben n6 az dsszegezett jelek ndvekvd csltcsfrekvencidjaval. A szamitasok megmutat-
jak a korrekcios hibak szérasanak még megengedhetd legnagyobb értékét az egyes jel-
spektrumok esetében.
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T. BOJOKN—XK. CENJOBUL,

O B/INAHNM MNOrPEWIHOCTEN ANHAMMUYECKWMX MOMPABOK
HA CYMMMWPOBAHUWE 3AMUCEN OFT

B pa6oTe paccmaTpuBaeTcs 3afjada CyMMMPOBaHus 3anuceit OT'T Npu Hanuuum norpeLiHo-
CTeii B MonpaBKax W MPUBOAMTCA XapakTepucTka CyMMWUPOBaHUs ANs 9TOro cnydas. Pacnpefe-
NeHue MOrpeLiHoCTeil MOMpaBOK aHanu3upyeTcs Ha (aKTUUYeCKMX MaTepuanax. B pesynbTaTte
NpoBeIEHHOr0 aHanM3a pacnpefeneHne MOrpeliHocTen MNPUHUMAETC HOpMaibHbIM. [loTeps
3HEpPruM CUrHanoB, BbI3BAHHAsA MOrPELLIHOCTAMM MOMNPABOK BbIUWUCASETCS ANS BOMH C Pa3NUyuHOM
YacTOTOM, B 3aBMCUMOCTM OT pa3Gpoca MOrpelHoCcTei. Pe3ynbTaTbl MOKa3biBAlOT, UTO YyBCTBU-
TeNbHOCTb CYMMMWPOBAHWUS K MOrPELIHOCTAM MOMpPaBOK YBEMUMBAETCA C MOBLIWEHWEM YacTOTbl
CWUTHANOB. BbIYMCNEHNUAMU OMPEAensoTCs MaKCUManbHble [AOMNyCTUMbIE BenuuMHbl pasbpoca
MOrpeLLHOCTe NONPaBoK AN Pa3/IMUHbLIX CMEKTPOB CUrHAMOB.








