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SUMMARY

We present a singular value decomposition (SVD) filtering
method for attenuation of the ground roll. Before the SVD
computation, the normal move-out (NMO) correction is ap-
plied to the seismograms, with the purpose of flattening the
reflections. SVD is performed on a small number of traces
in a sliding window. The output trace is the central trace of
the first few eigenimages. These contains mostly horizontally
aligned signals, and other noise in the data will be suppressed.
The new method preserves the character and frequency con-
tent of the horizontal reflections and attenuates all other type
of events. We illustrate the method using land seismic data of
the Tacutu basin, located in the north-east part of Brazil. The
results show that the proposed method is effective and is able
to reveal reflections masked by the ground-roll.

INTRODUCTION

Ground roll is a particular type of Rayleigh wave and has high
amplitude, low frequency, and low velocity, being the main
type of coherent noise in land seismic surveys. Ground roll is
also dispersive and normally overwhelms the desired reflected
signal. Because of its dispersive nature, ground-roll masks
the shallow reflections, at short offsets, and deep reflections,
at long offsets (Claerbout, 1983; Saatilar and Canitez, 1988;
Henley, 2003).

Various new methods to filter ground roll have been proposed
in recent years. Deighan and Watts (1997) proposed the use of
wavelets which does not assume that the signal is stationary.
Liu (1999) and Montagne et al. (2006) proposed the use of the
Karhunen-Loève transform to estimate and subtract the ground
roll from the common-shot gathers. SVD is a coherency-based
technique that provides both signal enhancement and noise
suppression. It has been implemented in a variety of seismic
applications (Freire and Ulrych, 1988) Kendal et al. (2005)
proposed a SVD-polarization filter for ground roll attenuation
on multicomponent data. Tyapkin et al. (2003) proposed to
use the data alignment method of Liu (1999) to make the co-
herent noise horizontally aligned in one or more time sections
of a common shot gather. Chiu and Howell (2008) proposed a
method that uses SVD to compute eigenimages that represent
coherent noise in a localized time-space windows. Yarham and
Herrmann (2006) proposed a two stage method of identifying
and removing ground roll using the curvelet transform. Karli et
al. (2008) proposed the use a Wiener filter in the estimation of
ground roll via a reference noise such as a linear (or nonlinear)
sweep signal. Melo et al. (2009) presents a filtering method
for the ground-roll attenuation that uses a 2-D time-derivative
filter.

In this paper we present a SVD filtering method for the ground-
roll attenuation. First, NMO correction is applied to the seis-

mograms, with the purpose of flattening the reflections. Next,
SVD analysis is performed on a small number of traces in a
sliding window along the x-axis. The filtered output trace is
the center trace of the first few eigenimages. This preserves the
amplitude and character of horizontal events and attenuates all
other events. We illustrate the method using land seismic data
of the Tacutu basin, located in the north-est part of Brazil.

SVD FILTERING

We consider a real data set d(t,xn), t = 1, . . . ,Nt ,n = 1, . . . ,Nx,
where the primary reflections have been corrected for NMO
so that they are horizontally aligned along the x-axis. In or-
der to enhance coherent signals along the x-axis we perform a
local SVD analysis of a sub-set of the data d(t,xn),n = n0−
M, . . . ,n0, . . . ,n0 +M. This can be expressed by SVD as (Golub
and van Loan, 1996).

d = U
[

Σ

0

]
VT (1)

where Σ = diag{σ1, . . . ,σ2M+1}which σ1 ≥ . . .≥ σ2M+1 ≥ 0.
The matrices U of dimensions Nt ×Nt and V of dimensions
(2M + 1)× (2M + 1) are unitary such that U−1 = UT and
V−1 = VT . On component form this is

d(t,x j) =
2M+1∑
k=1

σkuk(t)vk(x j) (2)

where j =−M +n0, . . . ,M +n0. The filtered data output con-
tains only the first K eigenimages of the central trace

d̄(t,xn0) =
K∑

k=1

σkuk(t)vk(xn0) . (3)

This operation is performed on all the input data with a step
of one trace on space position. In each step a new SVD is
performed and the output is computed as in equation (3). At
the start and end of the data, the first and last M+1 traces in the
sum of the first K eigenimages are used as output. The result
is a filtered data set d̄(t,xn) of the same dimension as the input
data set where energy which is not coherent in the x-direction
has been attenuated. Both the character and amplitude of the
horizontal events are well preserved as they are represented by
the first eigenimages which have the largest energy.

DATA RESULTS

The proposed method of SVD filtering was tested on the RL-
5090 land seismic line. It contains 179 shots recorded at 4 ms
sampling interval. There are 96 channels per shot in a split-
spread geometry with offsets 2.500-150-0-150-2.500 m and 50
m between the geophones. The distance between the shots are
200 m giving a low CMP coverage of 12 fold.
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SVD filtering to ground-roll attenuation

Figure 4: Average amplitude spectra of the data, signal and
noise shown in figure 2.

Figure 5: Average amplitude spectra of the data, f-k filtered
data and SVD filtered data shown in Fig. 3.

Figure 6: Input data and corresponding velocity analysis.

Figure 7: SVD filtered data and corresponding velocity analy-
sis.

Figure 8: Details from the stacked sections: (a) original data
(b) SVD filtered data.
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