Toward a joint array and polarization processing

from IMS 3-component stations data:

Seismic wavefield polarization and its spatial coherency
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Introduction

IMS SEISMIC STATIONS AND ARRAYS
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Introduction

WAVE CHARACTERISTICS (from 1C to 3C)

/ \
SEISMIC 3C ARRAY Wave characteristics:
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Propagation - array of stations
PROCESSING Polarization - 3C station

» Signal processing techniques do not manage to use the full potential of the 3C
array which mainly under-used the polarization

» Complexity to extent 1C to 3C array processing
- High order optimization problem

- Require strong assumptions on the polarization model
[Wagner, 1996], [Hobiger 2011]

» Objectives: Better exploitation of the 3-component stations and arrays large

—potential by focusing on polarization




Polarization analysis

DEFINITION OF POLARIZATION PARAMETERS

* By Fourier analysis, the seismic I:> R T Z 3-C
wavefield records can be decomposed =1 /N \ﬁ S
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shape and an orientation )@
Pinnegar, 2006
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—> orientate the polarization plane

v' da linearity vector
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Polarization analysis

CASE STUDY
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Polarization analysis

VISUALIZATION OF POLARIZATION
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Polarization analysis

VISUALIZATION OF POLARIZATION

1D Earth model
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Polarization analysis

VISUALIZATION OF POLARIZATION
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VISUALIZATION OF POLARIZATION

Direct ray path with
= anazimuth of 75°

Rayleigh with
retrograde motion
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Polarization analysis

VISUALIZATION OF POLARIZATION
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Polarization coherency

DEFINITION OF COHERENCY PARAMETERS
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Polarization coherency

DEFINITION OF COHERENCY PARAMETERS

— Deviation in polarization
shape and orientation

Normalized ground motion ellipse shape
for station 1 and 2
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Polarization coherency

PRECISE ORIENTATION REQUIREMENT
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Polarization coherency

ARRAY AVERAGED POLARIZATION
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— COHERENCY based mask
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Conclusion

Summary: 3C-2D array processing

X/

s Complexity to extent 1C to 3C:

- High order optimization problem IMS seismic network:
—> Require strong assumptions on the polarization model

+* Single station polarization analysis:
- \Vectorial parameter system [Labonne et al., E3S 2016a&b)] . single 3C station
- time —frequency — pola representation
- Energy — ellipticity based masks [Labonne et al., Part I, GJI, submitted)]
¢ Array polarization analysis —
- Time — frequency — pola — coherency representation

- Coherency based mask - 3Carray

- Precise orientation orientation requirement [Labonne et al., Part I, GJI, submitted] low frequency events
Objectives: —
**Method improvement: )

3C array

- take into account time delays between stations - high frequency events

- Post-doc: Array processing and polarization analysis joint method _
**Full data analysis of standard IMS array data: —

- array of vertical stations colocated to a 3C station — standard array

- Master Thesis: Kazakhtsan seismic array use _

+* Automatically identify phases

cTBTO ShFegroup time-frequency cells into families All 3C data

- distance function using cell time-frequency closeness and similarity in polarization s



