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GENERALIZED COMPLEX ATTRIBUTES AND THEIR USE FOR NMO
STRETCHING COMPENSATION

A. VESNAVER* and F. POLETTO*

Normal Move Out (NMO) correction in the space-time domain is carried out as a time-va-
rying stretching of the seismic trace. The basic limit of this procedure is that early reflections at
large offsets are greatly deformed and must be muted before stacking. Although the stack itself
can be performed satisfactorily in other domains (such as the f-K), other processing steps such
as residual statics require NMO corrected traces. This paper introduces an algorithm able to
compensate for NMO stretching. Generalized complex attributes are defined which cast light on
various spectral properties of NMO correction. Finally applications to synthetic and real data are

discussed.
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1. Introduction

Correction for Normal Move Out (NMO) is the basic preliminary to the
stacking of Common Mid Point (CMP) gathers. However, if this operation is
performed in the space-time domain, the well-known undesired effect of
stretching arises for early reflections at large offsets (Fig. 1). The usual remedy
is a surgical mute, which removes the overstretched wavelets and thus reduces
the distortion of the stacked signals, but precious information is lost in this way.

Better solutions have been investigated over the last decade, mainly by
defining stack procedures in new domains, such as the frequency-wavenumber
[Gazdag and Sguazzero 1984]. These new techniques, however, have two
major limitations: firstly, they require expensive two-dimensional transforms;
secondly, they solve the problem of stacking but not that of NMO correction: in
fact, although the summing of coherent signals is the ultimate goal of this
procedure, there are numerous processing steps which are executed after NMO
correction and before stacking in the space-time domain, such as residual statics,
residual NMO, surface consistent deconvolution, mute scans, etc.

In this paper an algorithm is introduced which is able to compensate for
NMO stretching based on the concepts of a complex trace [Taner et al. 1979] and
phase gain [Sguazzero and Vesnaver 1987]. The algorithm requires the
definition of new complex attributes generalizing the classical ones, such as
instantaneous phase, envelope and instantaneous frequency.
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Fig. 1. Synthetic CMP gather before (left) and after (right) NMO correction
1 abra. Szintetikus kozos k6zéppontos gy(jtés dinamikus korrekcié elétt (bal) és utan (jobb)
Puc. 1. CnHTeTnYecKmnin cbop no obuleli Touke 4o (cnesa) 1 nocne (cnpaea) AMHAMUYECKOM NONpaBKu2

2. Generalized complex attributes

Before introducing the proposed algorithm to compensate for NMO
stretching, we need to define some old and new attributes of the complex trace.

Definition of attributes
Given a real trace r(t), its corresponding complex trace c/f) is defined as:
c@® (O =r(®) +i I{r(N} @
where H{} indicates the Hilbert transform. We can express in exponential form:

(") =e" () expfio” (] ()
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where
ew (= e ()| (©)

and

M) a Arg{c(}

Expressions (3) are the definitions of the well-known envelope and
instantaneous phase, respectively. They are what we call first order attributes in
this paper, as emphasized by the superscripts. We can define second order

attributes as follows.
Envelope  (t) may be regarded as a real-valued trace. So a complex trace

c2>(0 may be defined in a similar way as in (1):
e\t) =er(t) +ill{er(i)} =én (1) expfio"2Yn)] (€]

where ¢(r) and ®@(r) are the second order envelope and instantaneous phase,
respectively:

e2)(1)"c (2)(01
MM =Arg{cN} ®)

i. e. ci4t) is the envelope of envelope <4b(/). Generalizing Egs. (4) and (5) we
obtain:

c@n) (1) = e(n + iii{e() ()} = eOD(N exp ® " (1]

e«(0 =1701
®7(r) = Arg{ew ()} ©)

These recursions, together with Eq. (1), define the generalized complex
attributes Of the real trace /'(/).

Figure 2 displays a simple synthetic trace composed of two zero-phase
waveforms of opposite polarity. The first order envelope and instantaneous phase
are superimposed. We notice that where there is the main lobe of the positive
wavelet, the instantaneous phase is close to zero, while in correspondence to the
main lobe of the negative wavelet the phase is discontinuous. This fact will be
considered again later.

Figure 3 shows higher order envelopes of the same data. When the envelope
order increases, the curves are smoother, particularly near the envelope maxima,
i. e. where the signal energy is significant. Figure 4 shows higher order
instantaneous phases of these data. We noliee two relevant features: firstly, all
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curves intersect each other approximately where there are the two maxima of the
envelopes in Figure 2; secondly, in proximity to these intersection points the
curves display a linear trend.

Higher order complex attributes have been introduced principally for their
mathematical usefulness (as shown in the following paragraph), but they do not
seem to have immediate physical significance. Nevertheless, we can emphasize
that they share the basic properties of first order complex attributes, due to the
nature itself of the Hilbert transform; in particular, any value of the computed
complex trace depends on all values of the real trace, and not only on the single
value at the corresponding arrival time. This characteristic allows the physical
continuity of the whole wave propagation phenomenon to be comprised in the
algorithms based on complex traces, exploiting the information redundancy in the
data, which redundancy is due to the physical constraints obeyed by the data.

_ ms
Complex attributes (1st order)

Fig. 2. First order complex attributes of a simple synthetic trace (heavy solid line): envelope
(dotted line) and instantaneous phase (solid line)

2. abra. Szintetikus szeizmogram (vastag vonal) els6fok( komplex attribdtumai: burkold
(pontozott) és pillanatnyi fazis (folyamatos vonal)

Puc. 2. KomnnekcHble XapaKTepucTuKy NepBoro Nopsigka CUHTETUYECKOl celicMorpaMmbl (K1pHas
NNHNS): 06bemntowan (TOUYKKM) U MFHOBEHHAs (basa (CnnoLLHas)
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Envelope (2nd to 8th order)

Fig. 3. Second to eighth order envelopes of the trace in Fig. 2
3. abra. Szintetikus szeizmogram(2. abra) burkoléja (masodfokdtol nyolcadfokl kozelitésig)

Puc. 3. O6bemntowasn (MpubAMXKeHNs OT BTOPOrO 40 BOCLMOIO MOPSAKa) CUHTETUYECKOM
ceimorpammbl (puc. 2)

Complex trace expansion
We are going now to use these generalized complex attributes to express the

real trace r(t) in a suitable form to compensate for NMO stretching. From
definitions (1) and (2) it follows that:

r(®) =Re{c@ ()} =e@) () cox[ PO ()] )
Similarly:
£()) = Re{c<2>(0} =eV\t) cos[®E(r)] (8)
Substituting in (7) using (8) we get:

r(t) =eQ (1) o< (] cos[d>D) ()] (9)
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ms
Instantaneous phase (2nd to 8th order)

Fig. 4. Second to eighth order instantaneous phases of the trace in Fig. 2
4. abra. Szintetikus szeizmogram (2. abra) pillanatnyi fazisa (masodfoktél nyolcadfoku
kozelitésig)

Puc. 4. MrHoBeHHas (hasa (NpubAKeHUs 0T BTOPOrO 0 BOCbMOr0 MOpsifKa) CUHTETUYECKON
celicmorpammbl (puc. 2)

Substituting iteratively envelopes e”(t) in Eq. (9) using recursions Eg. (6)
we finafly obtain:

r(e) =ew (t) cos[o (M()] cos[PUM(T)] ... cos[0 (1) ()] (10)

where N is an arbitrary integer number. If N is relatively large, the jV-th order
envelope eW(f) is relatively smooth where the energy of r(t) is significant. So the
main value of Eq. (10) is that most information is contained in the generalized
instantaneous phases ®&(T).

We can now expand the ®”\(r) functions by a first order Taylor series:

P (» Q@) +(_ NP O] r=« )+ () (m
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where Tis an arbitrary arrival time, and '®(t) is the 7-th order instantaneous
frequency:

(12)

If t is chosen as the time of the maximum of the positive zero-phase wavelet,
then ®No(D is close to zero and equation (11) is simplified:

¢Ng/) » XTO)T) (13)

At minima of negative zero-phase wavelets, for the first order function the
following relation holds:

DOMN() « it +t ™) (14)

but by removing the apparent polarity (see Appendix A) we obtain that all
instantaneous phases O(r) of all wavelets in the seismogram r(t) may be
expanded as in Eq. (13). However, we will have to restore the initial apparent
polarity as the last step in the procedure we are defining.

Substituting Eg. (13) into Eg. (10) we can finally express the seismic trace

/~(/) as follows:
N N (15)
r(t) =e(mo(OMcog[P()Xn)] - ew (f)]*[cos[xr«(r)]
i-1 j-1
Equation (15) is in a very convenient form to apply NMO-stretching
compensation.

3. NMO stretching description

The NMO stretching effect was described by Dunkin and Levin [1973].
Since their equations provide the basis for this paper, we recall briefly their
results in this section.

Time domain

The arrival time t of a signal from a given reflector is a function of the
offset X between source and receiver. If we assume that the earth is horizontally
layered, this function is the well known Move Out hyperbola:

tx = [r0 +x2/v2(i0)]1 (16)
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where (i0) is the stacking velocity at zero-offset time, t0. In particular, equation
(16) relates the arrival time tx of the signal recorded at offset x with t0, which is
the arrival time of the same signal after NMO correction, when all reflections
from the same reflecting point are moved to zero offset.

Expanding i0=to(t by a Taylor series of the first order, we may express 0
as a linear function of tx:

o -o+K -£][itydi*] 17)
where:
£0=¢£ 1 (18)
dc 0 {L- x2/ (ta\B] <Mro)/ drC}
x TR +x2/v2(r0) p (19)

We denote by % the origin of the Taylor series expansion at the wavelet

centre in a trace with offset x (Fig. 5), and o is a stretching factor greater than 1,
which depends on offset, time, stacking velocity and its time derivative:
a =a(x, to, v(i0), dv(rg / dr0. Manipulating Eqg. (17) and substituting Eq. (18) we
have:

X0=t0-r0~o[tx -'x] =0xx (20)

The variable t* is the local time in the reference frame of the series
expansion at offset x. Equation (20) means that, within a first order
approximation, NMO correction is a local time expansion. In fact, if DtoanaDq
are the sampling intervals at offset 0 and x, then from (20) we get:

Dt0=0Dtx (22)

Equation (21) emphasizes that NMO correction requires a time-varying
sampling of traces at offset x. The values sampled at offsets x from an irregular
hyperbolic grid are then translated into a different regular grid at offset 0 (Fig. 6).

Frequency domain

Some simple relations between wavelet spectra before and after NMO
stretching may be demonstrated in the frequency domain. IffOandfx are the local

frequencies associated with local times x0andxx we get from Eq. (20):
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/0=1/T0=1/(aTp=£/0 (22)

Furthermore, since NMO correction changes the shape but not the
amplitudes of the waveform w, then:

wo(x0) =WK(X) (23)

Substituting (20) in (23), we obtain:

wo(To) = wx(xo! °) (24)

Exploiting the shift-theorem and using Egs. (20) to (24), we get finally:
LLL/o) =0 Wk(of0) =a Wx(fx) (25)

Equations (22) and (25) mean that NMO stretching produces a scaling of the
waveform spectrum and a remapping of frequencies into lower bands, since oal.

Fig. 5. Zero-phase wavelet at offset x (lower part) is converted to offset 0 by NMO correction
(upper part). The stretching effect is evident

5. abra. x észlelési tavolsagu elemi jel (alul) és ennek dinamikus korrekcid utani alakja (feldl).
A nyUjto hatas egyértelmen latszik

Puc. 5. DnemeHTapHblin curHan (BHWM3Y) W ee BWUL MOCAe AMHAMUYECKOW MOMpaBku (BBEPXY) Npu
PaccTOAHUN X MEX/AY UCTOYHUKOM U NPUEMHUKOM. OHO3HAYHO OTMeYaeTCs 3 eKT YATUHEHNS
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Offset x Offset O

fii

Fig. 6. Time varying sampling of a trace at offset .vmapped to offset 0

6. abra. gészlelési tavolsagu csatorna idében valtoz6 mintavételezésének transzformalasa 0
észlelési tavolsagra

Puc. 6. MpuBeaeHMe AMCKPETHOCTY, NepeMeHHOl BO BPEMEHW, TPAcChl C PacCTOSHUEM X MeXIy
WCTOYHNKOM U MPUEMHUKOM K PAcCTOAHMIO O MEXAy UCTOYHUKOM W NPUEMHUKOMA

4. NMO stretching compensation
Mathematical formulation

NMO stretching compensation may be performed as a correction for wavelet
spectrum compression in the frequency domain — (as described above in Eq.
(25)). To this end, we recall the definition of instantaneous spectrum Sx(tx,fx)

[e. 9. Ackroyd 1970Q]:
sX(X'fX) « (%) KK exp(-2nifjx) (26)
where the asterisk indicates a conjugation. A useful expression relating the first

moment of the instantaneous spectrum Sx(txfX) (i. e., its centroid abscissa) and
instantaneous frequency Ff*) can be demonstrated:
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(27)

NA) =Re
JSX(tx fX)dfx

Using (20), (22), (23) and (25), we get:

60 (29)
f°fo $o(c/0) do
=°I 0010

which also expresses the shift of the instantaneous spectrum centroid towards a
lower frequency due to NMO correction. To move the centroid back towards its
original frequency, we have to multiply Iro(lro)bya:

(29)
B/ -° ()

obtaining in this way the NMO-stretching compensated instantaneous frequency
['0O»)-

In equations (26) to (29) we dropped the superscript indicating the order of
the complex attributes to simplify the notation, but the result expressed by (29)
holds for any order of instantaneous frequency '((rQ. Therefore, the seismic trace
rqt) after NMO correction and stretching compensation is given by:

o, - 40N @RT4M - 20N o 4]

which is obtained from (15) simply by scaling the generalized instantaneous
phases ®®(() or frequencies I"V) by the a factor, according to hgs. (13) and (29).
We may call this scaling iV-th order phase gain, since it generalizes a similar
procedure introduced by Sguazzero and Vesnaver [1987] to enhance the
sharpness of velocity spectra.

(30)

Spectral interpretation

We saw previously that NMO stretching produces a remapping of the trace
spectrum towards lower frequencies. This effect is sketched in Fig. 7, together
with that of its compensation by phase gain. We see that a boxcar spectrum of a
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wavelet at offset x (part A) is scaled, shifted and compressed by NMO correction
to offset O (part B). A first order phase gain compensation for NMO stretching
(part C) shifts the spectrum back to its initial position, but does not restore the
initial bandwidth (see Appendix B).

Better results are obtained if a higher order phase gain is used. In fact, we
may separate the factors of?Q[r) in Eq. (30) into two classes. In the first one, there
are the N cosinusoidal waves cos[o<t>\(t)J. Since their spectra are spikes instead
of bands, they are accurately compensated for NMO stretching by phase gain. On
the other hand, envelope e”(f) may be regarded as an uncompensated component.
Nevertheless, if order N is not too small, ~\t) is a smooth curve which is not very
sensitive to stretching residuals.

Figure 8 displays the effect of phase gain of increasing order on the wavelets
of Fig. 2, using a constant gain factor o = 1.4. The increasing accuracy obtained
in waveform preservation is evident especially in the first three orders. If N is
greater than 3 only marginal improvements are obtained.

Iz

Fig. 7. Band-limited flat spectrum of a wavelet at offset .v(part A) undergoes NMO correction to
offset 0 (part B). A first order phase gain compensation for NMO stretching (part C) restores the
initial position of the spectrum, but not its original bandwidth7

7. abra. x észlelési tavolsagu elemi jel savkorlatozott spektruma (A), a dinamikus korrekcié okozta
spektrumvaltozas (B) és ez els6foku faziserdsités-kompenzacio utan (C). A nyUGjtéhatas
kompenzalasa helyreallitja a spektrum eredeti helyzetét, de savszélességét nem

Puc. 7. OrpaHWyeHHbIA N0 YaCTOTE CMEKTP 3/1EMEHTAPHOTO CUrHaMa NPy PacCTOSIHAN X MEXAY
MNCTOYHUKOM ¥ NPUEMHMKOM (A), U3MEHEHME CNEeKTPa, Bbl3BaHHOE AUHAMMWeEECKo nonpaskoii (B),
N TO e Nocnie KOMNeHCUpoBaHus ycunenus a3 nepsoii ctyneHn (C). KomneHcupoBaHveM aggekTa
YO/IMHEHNS! BOCCTaHaB/IMBAETCS UCXOAHOE MOMOXEHMWE CMEKTpa, HO He BOCCTaHaB/MBAETCS LUMPUHA
nonoc



...complex attributes... for NMO stretching compensation 265

20 40 60 80 100 120 140 160 180 200 220 240
ms

Fig. 8. Effect of phase gain of increasing order to compress the wavelets in Fig. 2.
The a value is 1.4

8. abra. A 2. abra szintetikus szeizmogramja elemi jeleinek 6sszenyomasa névekvd fokd
faziserdsitéssel (a=1,4)

Puc. 8. CaTue 3neMeHTapHbIX CUTHAI0B CUHTETUYECKOI celicMOrpamMMbl puc. 2 Npy HapacTatoLLem
ycuneHum a3 (o = 1,4)5

5. Application to synthetic and real data

The synthetic CMP gather in Fig. 1 was generated by convolving a
zero-phase wavelet with a reflectivity series simulating primary reflections from
horizontal layers, and therefore obeying the hyperbolic Move Out law (Eg. (16)).
The sampling rate is 2 ms, the offset range from 0 to 2350 m, the spacing of traces
is 50 m.

Figure 9 displays the effect of NMO stretching compensation on the data in
Fig. 1 using two different orders for the phase gain, i. e. 1 (part B) and 3 (part C).
Obviously, the overstretched wavelets were recompressed only within certain
limits, so that the need for a mute is not eliminated, hut simply reduced. Later
some incoherent band-limited noise is added and mute scans are carried out on a
group of CMP gathers of the same model.
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A B C

Fig. 9. NMO Stretching compensation of the muted data in Fig. 1 using A) input data; B) using
phase gain, N=1; C) using phase gain, N=3
9. abra. A dinamikus korrekcio nyGjté hatasanak kompenzaldsa az 1. dbra vagas utani adatain
A) bemend adatok; B) fazisérosités, N=1;
C) faziser@sités, N=3
Puc. 9. KomneHcrpoBaHue aghdheKTa YA/ IMHEHUs 0T AMHAMUYECKOI MONpaBKM Ha AaHHbIX puc. 1

nocne cpesaHus
A) BxogHble gaHHble; B) Ycunenne a3, N - 1; C) Ycunenue a3, N = 3

In Figures 10 and 11 we can compare the results obtained by standard NMO
correction with those obtained using phase gain compensation. An increasing
abscissa corresponds to an increasing number of near offset traces added to the
stack. We notice that NMO stretching compensation not only allows the choice
of a much wider mute at any given arrival time, but also improves the high
frequency content of the stacked signals. A by-product of these effects is that
incoherent noise is damped much more since a wider mute is used, so that an
additional improvement of the signal to noise ratio is achieved.

Figures 12 and 13 display mute scans of marine data, acquired by OGS in
the Mediterranean Sea. The sampling rate is 4 ms, the maximum fold is 12 and
the offset range is between 220 and 2620 m. We notice that by compensating for
NMO stretching (Fig. 13) a sharp water bottom reflection is obtained for any fold,
whilst without this compensation other high frequency signals appear distorted in
Fig. 12.

Figures 14 and 15 show the effectiveness of stretching compensation on a
stacked seismic section from the same dataset as Figs 12 and 13. Once more, we
see that the compensated stack (Fig. 15) improves the resolution of the uppermost
reflections, whilst in the lower part, where the stretching effects are negligible,
the two sections are almost identical.
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Fig. 10. Mute scan on synthetic
data using standard processing

10. abra. Vagas vizsgalat
szintetikus adatokon,
hagyomanyos feldolgozas mellett

Puc. 10. ViccnepoBaHue cpesaHus
Ha CUHTETUYECKUX AaHHbIX Npu
TpaguuMoHHOM 06paboTka

Fig. 11. Mute scan on the same
data as in Fig. 10 using NMO
stretching compensation

11. &bra. Véagas vizsgalat a 10.
abra adatain, a dinamikus
korrekcio nyujto hatasanak

kompenzalasaval

Puc. 11. ViccnepoBaHuve cpe3aHus
Ha flaHHbIX pyc. 10 npu
KOMMeHCMpoBaHUM ahdekTa
YANMHEHUS OT
[MHaMMYecKoi nonpaskm
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Fig. 12. Mute scan on real marine data using standard processing
12. dbra. Vagas vizsgalat tengeri adatokon, hagyomanyos feldolgozas mellett
Puc. 12. ViccnepfoBaHue cpe3aHUst Ha MOPCKUX NpU TPagULMOHHOM 06paboTke

TRC2 4 6 8 10 12 14 16 18 20 22 24 TRC

Fig. 13. Mute scan on the same data as in Fig. 12 using NMO stretching compensation

13. dbra. Vagas vizsgalat a 12. abra adatain, a dinamikus korrekcié nyujté hatasanak
kompenzalasaval

Puc. 13. ViccnefioBaHve CpesaHis Ha JaHHbIX puc. 12 Npu KOMMEHCUPOBaHUM 3h(eKTa YANNHEHNS OT
[VHaMUYECKOI NonpaBKu
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Fig. 14. Stacked seismic section obtained
by standard processing

14. abra. Hagyomanyos feldolgozassal
késziilt 6sszegszelvény

Puc. 14. CyMMMpOBaHHbINA pa3pes,
NONYYeHHbI NpY TPaANLMOHHOM
06paboTke

Fig. 15. The same stacked section as in
Fig. 14 using NMO stretching
compensation

15. dbra. A 14. abra szelvénye a
dinamikus korrekcié ny(jté hatasanak
kompenzalasaval

Puc. 15. Paspes puc. 14 npu
KOMMEHCUPOBaHUM 3hheKTa YANNHEHNS
OT AMHAMMWYECKOV MOMnpaBKm

269
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6. Conclusions

An algorithm able to reduce NMO stretching artifacts has been introduced,
it is based on trace factorization using generalized complex attributes.
Improvements are obtained for near-surface reflections, in particular for offsets
which are large with respect to reflector depths. For this reason, the procedure is
useful if the exploration target is the uppermost layers, i. e. for high resolution
surveys.

From the computational point of view, NMO stretching compensation is
neither cheap nor expensive. The operation number required for each order of
phase gain is slightly higher than for linear filtering; since second or third order
algorithms are satisfactory, it follows that the global cost is about three times that
of pre-stack linear filtering. However, it should be emphasized that vector or
parallel computer architecture may significantly reduce the computational
impact. In fact, all operations required are typically of vector type and, since the
traces are considered independently, they may be shared amongst different
processors.
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Appendix A

In their classic paper, Taner et al. [1979] define apparent polarity as the
sign of the seismic trace r(t) when its envelope e”(t) has local maxima. Since we
need to associate apparent polarity with a whole wavelet instead of with a few
points, we extend the definition by the following algorithm:

— compute envelope e0(i);

— delimit the lobes of envelope e(1Xf) as the parts comprised between two

consecutive relative minima;

— assign to all samples within a lobe the sign of trace r(t) at the maximum
of the envelope in that lobe.

To remove the apparent polarity we have to multiply r(t) by the step-wise
sequence so obtained. To restore the initial polarity, the data are multiplied once

more by the apparent polarity function of r(t).
Appendix B

Let us consider a zero-phase wavelet w(t) whose spectrum W(QJ) is the
following boxcar function:
Wf=1L for:|/,-D/H/H/, +D/|
=0, elsewhere (0-1)
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where fcis the central frequency and Df is the half-width of the frequency band
(Fig. 7). Wavelet w(t) is given by:

n<0 = [sin(fe + Dfjt - sin(fc- Df)t] / [ni] (B-2)
whilst its complex counterpart c/(i) is:
c(1Xr) =exp (i fct) sin (Dft) / [ar] (B-3)

In this case, the central frequency fc coincides with the instantaneous
frequency. Applying a first order phase gain implies a multiplication of fcby the
stretching factor o, but this is nothing other than a translation of the frequency
band because its half-width Df remains unchanged (Fig. 7).
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ALTALANOSITOTT KOMPLEX ATTRIBUTUMOK ES ALKALMAZASUK
A DINAMIKUS KORREKCIO NYUJTO HATASANAK KOMPENZALASARA

A. VESNAVER és F. POLETTO

Az NMO-korrekcio a tér-id6 tartomanyban lényegében a szeizmikus csatornak idében
valtoz6 nyujtasa. A mivelet alapvetd korlatja a korai, nagy észlelési tavolsagu reflexiok erds
deformalodasa. Ezért ezeket stacking el6tt kivagjak. Noha maga a stack egyéb tartomanyokban
(pl. f—k tartomanyban) torzitas nélkil elvégezhetd, egyéb feldolgozasi 1épésekhez, mint pl. a
maradék statikus korrekciohoz NMO-korrigalt csatornak sziikségesek. A dolgozatban egy olyan
algoritmust mutatnak be, amely képes kompenzalni az NMO-korrekcié ny(jté hatasat. Altalano-
sitott komplex attribGtumokat vezetnek be, amelyek ravilagitanak az NMO-korrekci6 spektralis
tulajdonsagaira. Végil szintetikus és valddi adatokon szemléltetik az eljaras alkalmazhat6sagat.
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OBOBLEHHBLIE KOMIMNEKCHBIE XAPAKTEPUCTUKWN N X NMPUMEHEHVE B
KOMIMEHCNPOBAHUN 3®DPEKTA YIJIMHEHUNA OT ANHAMUNYECKOW MOMNPABKU

A. BECHABEP n ® TOJIETTO

[unHamuyeckas nonpaeka B MPOCTPAHCTBEHHO-BPEMEHHOW 06/1acTy MO CYLLECTBY 03Ha4aeT nepe-
MEHHOE BO BpEMEHMW YI/MHEHWe CelicMMYeckux Tpacc. ®yHAaMeHTa/lbHbIM OrpaHUYeHWEM MeToja
SBNAETCA CUbHas AeopMaLMs paHHUX OTPXKEHWI NPY GOMbLUMX PACTOSIHUASIX MEXAY UCTOUYHWUKOM W
NPUEMHUKOM. 03TOMY 3TV OTPaXKEHWs YAANAKTCA nepes CyMMUPOBaHMEM. XOTs Camo CYMMUPOBaHIe
B ApYrux 06nacTsax, Hanpumep, B 06nacTu f-k, MOXeT 6biTb BbIMONHEHO 6€3 UCKAXKEHWIA, ANs ApYriX
CTyneHeit 06paboTKK, Kak Hanpymep, ANS 0CTaTOYHOI CTaTUYECKOI NonpaBkK, HEOBX0AMMbI TPacChl C
[VMHaMUYeckoli nonpaBkoil. B paboTe npeacTaBnsieTcsi anroputM, 6narofaps KOTOPOMY CTaHOBMTCS
BO3MOXHbIM KOMMEHCMPOBaHME YAMHAIOLWEr0 3ddekTa OT AMHAMUYECKO MonpaBku. BeogsTcs
0606LLaroLLIMe KOMMNEKCHbIE XapaKTePUCTUKM, OTHOCALLMECS K CMEKTPalbHbIM 0COBEHHOCTAM [yHa-
MMWYECKOI nonpasku. HaKoHeL, Ha CUHTETUYECKMX U peaibHbIX JaHHbIX MMHOCTPUPYETCS NMpPUMEHEHMEe
cnocoba.



