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Summary
Multimodal Rayleigh waves are commonly recorded in three-component (3C) seismic data. They are a type of
coherent noise, known as ground roll, in seismic surveys. In this paper we focus on the attenuation of ground roll
and extend the model-based attenuation method proposed by Bai and Yilmaz (2018) to the radial component of 3C
seismic data. Given a viscoelastic layered half-space model, we simulate surface-wave propagation and calculate
the vertical and radial components of ground roll. For each seismic component, we independently estimate optimal
models to minimize the misfit of dispersion spectra obtained from seismic and synthetic data. Once an optimal
model is obtained, the synthetic data from the optimal model is adaptively subtracted from its corresponding seismic
component. Since the characteristics of ground roll in the vertical and radial components are very different, the
method provides a flexible way to remove ground roll for each component. Preliminary results for a 3D-3C field
data indicate that ground roll is gradually eliminated during the iterations of surface-wave inversions and adaptive
subtractions and, finally, most ground roll can be removed from the vertical and radial components.
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Introduction
Surface waves generate ground roll, a type of coherent noise, in seismic surveys. The noise is also
present in 3C seismic surveys. Since Ground roll interferes with desired signals, it can mask shallow
reflections at short offset and deep reflections at large offset. How to attenuate the noise and, at the same
time, preserve and recover the desired signals as much as possible is always a challenge.
According to the characteristics of ground roll, various methods have been developed to attenuate this
kind of noise. Filtering methods are widely used in f -k or τ -p domains (Carry and Zhang, 2009). Modelbased techniques have become popular during the last few years as an alternative to filtering methods.
The techniques implement surface-wave inversion to estimate an earth model, generate synthetic data
from the model, and subtract the synthetic data from the seismic data. In surface-wave inversions,
Park et al. (1998) matched dispersion curves, Dou and Ajo-Franklin (2014) and Bai and Yilmaz (2018)
matched the dispersion spectra, while Groos et al. (2017) minimized the misfit of the least-squares norm
of normalized wavefields.
This paper extends the model-based ground-roll attenuation method presented by Bai and Yilmaz (2018)
to 3C data. We rotate both horizontal seismic components along inline and crossline to get radial component. For the vertical and radial seismic components, optimal viscoelastic layered models are estimated
independently through global optimization methods to minimize the misfit of dispersion spectra obtained
from seismic and synthetic data. The synthetic data generated from an optimal model is adaptively removed from its corresponding seismic component. The method is demonstrated on a 3C-3D field data.
Here we focus on the elimination of ground roll from 3C seismic data. The test shows that the method
is a flexible way for the vertical and radial seismic components.

Method
Independently for the vertical and radial seismic components, we minimize the misfit between the observed and
model-predicted dispersion spectra to get an optimal viscoelastic layered half-space model m
v
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subject to mli < mi < mui , i = 1, . . . , n
where o is the dispersion spectrum of the seismic data,
s is the spectrum of the synthetic data obtained from m,
n f is the number of frequencies, and nv is the number of
phase velocities in the dispersion spectra. In the model
Figure 1: Particle motion of ground roll.
m, each layer is characterized by thickness (h), P- and
SV -wave velocities (Vp and Vs ), density, P- and SV -wave
quality factors (Q p and Qs ). For an r-layer model m, updated parameters are listed as {h1 , Vs1 , γ1 ,
· · ·,hi ,Vs,i ,γi ,· · ·,hr−1 ,Vs,r−1 ,γr−1 ,Vsr ,γr }, where hi is the thickness of the ith layer and γi is Vpi /Vsi . We
do not update hr in the bottom half space. Since surface-wave propagation is sensitive to the SV -wave
properties, we update Vs . In Equation 1, mi is the ith parameter of the model m, mli and mui are the lower
and upper bounds of mi , respectively, and n is the number of parameters. Gardner’s equation is used to
calculate density, and Q p and Qs are specified and kept unchanged. In the objective function J(m) we
normalize each spectrum by its maximum spectrum amplitude in order to preserve relative amplitudes.
Given a model m, we calculate phase velocities and simulate multimodal surface-wave propagation
through propagator matrix method (Haskell, 1953). As shown in Figure 1, ground roll exhibits an
elliptical retrograde particle motion in a vertical plane which contains a line between a source and a
receiver. In the simulation of wave propagation, the vertical component uz is calculated through Green’s
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Figure 2: Vertical component. (a) 2 receiver lines. Ground-roll attenuation after the series of surfacewave inversion and adaptive subtraction are implemented (b) 1 and (c) 10 times.
function. The radial component ur can be calculated either through its Green’s function or through
the property of 90◦ phase shift between uz and ur (René et al., 1986). Then we generate the dispersion
spectra from seismic and synthetic data. An optimal model is estimated through genetic algorithm (GA).
In order to mitigate the limitation of 1D modeling, the synthetic data obtained from the optimal model
is adaptively subtracted from its corresponding seismic component. In this way, ground roll is partially
eliminated. With the updated seismic data, the above process is repeated until ground roll is removed.

Examples
The method is applied to a 3C-3D field data with 7616 shots. The data is recorded at a 1 ms sampling
interval. Each trace has 3000 time samples. Low-velocity, low-frequency and high-amplitude ground
roll is observed in both vertical and radial components for a shot shown in Figure 2(a) and Figure 3(a).
The vertical component has a higher signal-to-noise (S/N) ratio than the radia one. Although the fundamental modes dominate their dispersion spectra as shown in Figure 4(a) and Figure 4(b), respectively,
high-order modes are clearly visible.
We define a 3-layer model for the inversion study here. In each
layer, the thickness is limited between 3 and 30 meters, γ ranges
from 1.3 to 5.2, Vs bounds are listed in Table 1, and Q p and Qs
are kept as 16. For the vertical component, GA has 8 generations,
the population size per generation is 160, and the series of GA
and adaptive subtraction is implemented 10 times. For the radial
component, GA has 20 generations, the population size is 240,
and the series of GA and adaptive subtraction is implemented 8
times. In this example, a vertical force is used to generate 3-mode
synthetic data with frequencies up of 18 Hz.

Table 1: Vs Bounds
Layer

Vmin (m/s)

Vmax (m/s)

1
2
3

100
150
200

400
600
800
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Figure 3: Radial component. (a) 2 receiver lines. Ground-roll attenuation after the series of surface-wave
inversion and adaptive subtraction is implemented (b) 1 and (c) 8 times.
After the optimal models are obtained from the 1th surface-wave inversions, they are used to generate
synthetic data for the two components. The synthetic surface waves are convolved with adaptive filters
and are subtracted from their corresponding seismic data. Figure 2(b) and Figure 3(b) show that ground
roll is partially eliminated from each component. The dispersion spectra obtained from the synthetic data
are displayed in Figures 4(c) and (d). Although the inversions mainly match the fundamental modes for
each component, they also try to match the high modes.
As the process continues, ground roll is gradually eliminated. Finally, most ground roll is removed and
the S/N ratio is significantly improved for each seismic component (Figures 2(c) and 3(c)). In surfacewave inversions we evaluate more models for the radial component than for the vertical component.
This means that the elimination of ground roll from the radial component is more challenging than the
elimination from the vertical component.

Conclusions
This paper extended the model-based method to attenuate high-mode ground roll to the vertical and
radial components of 3C seismic data. We rotate the horizontal seismic components along inline and
crossline to obtain the radial component. Given a layered model, we calculate the vertical and radial
components of ground roll. For the vertical and radial seismic components, we individually estimate
optimal models to minimize the misfit of dispersion spectra obtained from seismic and synthetic data.
The synthetic data generated from an optimal model is adaptively removed from its corresponding seismic component. Because the characteristics of ground roll differ, the method provides a flexible way for
each component. The preliminary results for a 3D field data demonstrate that most ground roll can be
removed from each seismic component.
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Figure 4: Dispersion spectra. The 1th row is obtained from the seismic data shown in (a) Figure 2(a),
and (b) Figure 3(a). The 2nd row is the model-predicted spectra. These models are obtained from the 1th
surface-wave inversions. The 1th column is the spectra for the vertical component, while the 2nd column
is the spectra for the radial component.
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