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Filters

* Temporal Fourier (t =) transformation

 Spatial Fourier (x =k, ) transformation
applications

= f-k, transformation

e Radon (T-p,) transformation
— Linear Radon transform

— Parabolic Radon transform



Transformation domains

1-D-Transformation

t domain B — f domain
Time domain Frequency domain
Fourier transformation

2-D-Transformation

t-x domain - f-k, domain
Time-Place 2-D-Fourier Frequency-Wavenumber

t-x domain [ — T-p, domain
Time-Place (Intercept - slowness)

T-p-Transformation



Temporal Fourier transformation

Fourier Transformation: G(f) — o]g(t)e"'z’fﬁdt

Transformation:

Inverse Fourier g(t) — O]‘G(f)eizzﬁdf

Sampling will preserve all frequencies up to the Nyquist frequency:

f =1/(2 At)



* frequency
« amplitude
* phase

Sum:;



Spatial Fourier transformation

Fourier Transformation: G(kx,f)Z o]g(x,f) /27X

Inverse Fourier

Transformation: g(x,f)Z O]G(kx,f) PR

Spatial Fourier transformation 1s discussed for one horizontal (x)
direction, but can be carried out in the two horizontal directions.



Temporal versus Spatial Fourier transformation

Temporal Fourier transformation

Sampling interval At

sampling rate (sampling frequency) 1/At

Sampling will preserve all frequencies up to the Nyquist frequency:
f =1/(2 At)

Spatial Fourier transformation

Spatial sampling interval Ax

Spatial sampling rate (sampling frequency) 1/Ax

Sampling will preserve all frequencies up to the Nyquist frequency:
kn=1/(2 AX)



Apparent velocity:

The phase velocity which a wavefront appears to have along a line
of geophones

Vapp = V Vapp — OO
V Aapp — 00
app — 7 / ‘ O‘j

v
Apparent velocity: Vapp = —
S1NQo
\Y%
Apparent wavelength: Aapp — vapp




Apparent wavenumber K,

—=Number of waves per unit distance
perpendicular to a wavefront
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Spatial sampling criterion

From a practical point of view, subsequent measurements must
be carried out in such a way that events on separate traces can
be correlated as coming from the same horizon or reflection
point 1n the subsurface (Yilmaz, 1987)

For a given frequency component, the time delay between
subsequent measurements can be at most half the period (T/2)
of that frequency component to enable a correlation of two
measured reflections as coming from the same horizon

AX Tmin 1
< —_

v min 2 2 f max

app

Max time delay: Af =

Two spatial samples for one apparent wavelength



Spatial sampling criterion
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reflected events (signal)
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Influence of frequency on aliasing
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Influence of dip on aliasing
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Summation of dipping events
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Influence of
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Zero-offset section

And its k-f amplitude spectrum
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Offset (m)
il e B

Composite walk-away noise test
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CMP gathers from a shallow
marine survey before and after
F-k dip filtering to remove
coherent noise with
corresponding f-k spectra

i = B A s

Yilmaz, 1987



CMP gathers from a shallow marine survey

Yilmaz, 1987

Before and after f-k dip filtering to remove coherent linear noise



Synthetic CMP gathers containing multiples
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NMO correction using primary velocity function
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Zeromg in the -k domain
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CMP gathers with strong multiples
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using primary velocities

slow (water-bottom) multiples

fast (peg-leg) multiples
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former gathers

ing

CMP stack us
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Use of radon transtformation

Velocity filter
Suppression of multiples
Interpolation of traces
Analysis of guided waves



Hyperbola maps onto an ellipse

CDP Gather p Gather

A .
8
e Plane Wave

t T=1-pX




T-p transformation for various arrivals
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Offset (km)  Phase Velocity (kmis) (l/p)
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Dipping event in different domains

P(skm) ‘

2 g NIRRT
[ Fl|' 1
24 HELTTT
. G
L :i. | . I
3 -10 1
Wavenumber (cycles/km)

Yilmaz, 1987



Reducing source-generated noise
in shallow seismic data using linear and
hyperbolic T—p transformations

Roman Spitzer,
Frank Nitsche and
Alan G. Green



2-D velocity model
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Source location:
5 m from first geophone
3m depth



Shot gather

Source-Receiver Offset [m] () Raw shot gather
0 80 160 240 (b) Time and offset

0 = il f1'|J i varying gain
40 A Tk (c) Spectral balancing
(80-250 Hz)
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Result of
filtering

Linear T-p transformation

Source-Receiver Offset [i]

0 80 160 240
— Hillirescorama RTUILIY
£ am-r Dimbi iz
o J St :
E - 'n:lml
~ 1201m —
i G E
515“'!35'.14! g =
..t EUﬂ-hﬁE' L | ]Hir ! i
BT i
KR YURL i
o 2@ )1 swtace waves 111

Source-Receiver Offset fi)

Slowness [ms/m]
04 02 0

0.2 04
|| e

1204
160 1 o
240 -
280

Source-Receiver Offset [m]

0 80 160 240 0 . 80 _ 190 240
O T L
40 n.r.nl | IT‘L: HHHITE lI:":J_"I -ITT'NE i.lﬂ—L Ditference
i' J!I.-'PJE | Ll ‘H I, ] 'i - l-EIuld-::;-;n-
_ o i T Between (a)
ot il E 2o BEE T And (o)
< san JULATGAOMNCRTR RS | = 4 o 00 i
gL HLII‘}%‘I4 gl
Jren et 200 HHHT
200 W e ﬁh}r
240 B 240
| . , . HHH 1

280




Hyperbolic T-p transformation
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Shot gather along a high-resolution seismic
line 1n northern Switzerland
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Linear T-p transformation

Source-Receiver Offset[m]  n] Slowness [ms/m]
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Hyperbolic T-p transformation

Source-Receiver Offset [m]
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Stacked sections

Processing:
« CMP sorting *NMO stretch mute
« NMO corrections * Stacking

TR AL Ry R

E].‘-MP 200 CMP300 CMP400 CMP500 CMPG00 CMP700 CMP 800

g SR O

& #ll==1 (1) linear and hyperbolic t-p processing

0 100 200 300 m

Reflections were found to extend to shallower depths
and more continuous



