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INTRODUCTION

• Seismic waves carry considerable information about the subsurface

structure.

• Because the body waves masked by surface waves, their extraction is

more challenging.

• In this study, we use sparsity-promoting in time-frequency domain to

extraction the body waves.

THEORY

Polarization Analysis in the Time–Frequency (TF) Domain:

For 𝑋 = 𝑥1, 𝑥2, 𝑥3 ∈ 𝑅𝐿×3 (1)

1) Computing TF decomposition of 3 components:
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𝑙 = 0,1,… . , 𝑛 and 𝑘 = 0,1, … , 𝐿.

2) Computing polarization parameters in the TF-domain:

𝐶(𝑘, 𝑙) =
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𝐶31 𝑘, 𝑙 𝐶32 𝑘, 𝑙 𝐶33(𝑘, 𝑙)

∈ 𝑅3×3 (4)
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መ𝐶𝑖𝑗 𝑘, 𝑙 = , (5)
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(෡𝑪 𝑘, 𝑙 − λ𝑖 𝑘, 𝑙 𝐈)𝒖 𝑘, 𝑙 = 0 (6)

Regularized Sparsity-Promoting TF Decomposition
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Adaptive filtering in the TF-domain

• Rectilinearity attribute:

𝑅𝑒 𝑘, 𝑙 = 1 −
λ2 𝑘, 𝑙 + λ3 𝑘, 𝑙

λ1 𝑘, 𝑙
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1 − 1 < 𝑅𝑒 𝑘, 𝑙 < α

ψ𝑅𝑒 𝑅𝑒 𝑘, 𝑙 = cos(
π(𝑅𝑒 𝑘, 𝑙 − α)

2(β − α)
) α < 𝑅𝑒 𝑘, 𝑙 < β (10)

0 β < 𝑅𝑒 𝑘, 𝑙 < 1

• Directivity attribute:

D𝑖 𝑘, 𝑙 = │𝑢1
𝑇 𝑘, 𝑙 𝑒𝑖│, 𝑖 ∈ {T,R,Z} (11)

1 0 < 𝐷𝑖 𝑘, 𝑙 < γ

ψ𝐷 𝐷𝑖 𝑘, 𝑙 = cos
𝜋 𝐷𝑖 𝑘, 𝑙 − 𝛾

2 𝜆 − 𝛾
γ < 𝐷𝑖 𝑘, 𝑙 < λ (12)

0 λ < 𝐷𝑖 𝑘, 𝑙 < 1
• Amplitude attribute:

𝐴 𝑘, 𝑙 = 2λ1(𝑘, 𝑙) (16)

1 0 < 𝐴 𝑘, 𝑙 < ζ
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2 𝜂−𝜁
ζ < 𝐴 𝑘, 𝑙 < η (13)

0 η < 𝐴 𝑘, 𝑙 < 1

Regularized Sparsity-Promoting Time Frequency Filtering: 

ψ𝑅 = 1 − 1 − ψ𝑅𝑒 ◦ 1 − ψ𝐷 ◦ 1 − ψ𝐴 (14)

ψ𝐸 = 1 − ψ𝑅 (15)

NUMERICAL EXAMPLE

• We implement it on synthetic data example to extract the body waves. The source

mechanism corresponds to the source mechanism of the Mw = 7.0 earthquake occurred in

the 21.8 km of Guerrero, Mexico, as a result of revers dip-slip faulting.The 3-D synthetic

seismic data are generated using the 1-Dak135f earth model with spectral-element

method assuming 3-D (an)elastic, anisotropic wave propagation in the spherical domain.

• the radial component of the earthquake, which weak body waves accurately 

extracted from the high amplitude surface waves. 

• This picture shows the filtered waveforms to extract body waves. The traces are 

plotted as a function of epicenteral distance, and a linear move out were apply by 

5.8km/s to aline the body wave. 


