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Abstract

Spectral recomposition splits the seismic spectrum into Ricker components. It provides a tool for imaging and mapping temporal
bed thicknesses and geologic discontinuities. We propose separable nonlinear least-squares estimation in spectral recomposition.
Employing the Gauss-Newton method, separable nonlinear least-squares approach estimates fundamental signal parameters:
peak frequencies and amplitudes.
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Spectral Analysis

Spectral analysis:
Long window vs. short window;
Spectral decomposition for short window analysis.
Spectral decomposition is helpful because:
Unpredictable geology and whitened spectrum in a long window;

In short window analysis, local geology filters wavelet and overprints it in frequency domain.

Some difficulties in spectral decomposition:
(Greg Partyka, James Gridley, and John Lopez, 1999)

Time»frequency resolution limit;

Residuals in “frequency gathers”.
(Chakraborty and Okaya, 1995)

(Chen, 2008)



Spectral Recomposition

signal-to-noise ratio
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1. Manually select component frequencies;
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2. Compute spectrum of each component;
3. Scale amplitude spectrum of each component;
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(Mark Tomasso, Renaud Bouroullec and David Pyles, 2010)



Theory

Model: d(f)zZai‘{’i(mi, f)
i=1

d ( f) is the spectrum of seismic data;

H and are the amplitude and peak frequency of the i-th Ricker component.

2 2
Ricker spectrum: R( f) = a\P(m, f ) = a#exp(—ﬁ)

To estimate a seismic spectrum, we need:

Each component has its own amplitude and peak frequency terms.




Numerical Method — Separable Nonlinear Least Squares

PO (2. m) = d(f)- Y a(m)¥(m, )

Optimal least-squares estimation requires:

mina,m||r(a,m)||§

Linear and nonlinear parts are solved Separate]yby least squares method.

(Scolnik, 1972)

The variable projection algorithm has been used. Assuming m, we have:

a=¥(m)'d
where is the matrix composed of ¥, (m,, fj) (Golub & Pereyra, 1973)

Having a solved, we then need to solve mian(I — ‘~I—’(m)‘P(m)Jr)dH2
2

Gauss-Newton method has been used, hence

or.
d(fj)zer(mi, fi)+Za—mJ_Am‘

zZai\P(mi, fj)+Z[ai'\P(mi, f)+a® (m;, f;)lam,
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Spectral Recomposition — Synthetic Data

Wavelet with 10, 20 ond 50 Hz Ricker Components
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Spectral Recomposition — Real Data Example

Seismic Data Spectrum and lts Estimation
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Spectral Recomposition — Data Fitting Example
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Frequency Band Picking
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Application of Spectral Recomposition Using SNLS

O Seismic image display
L  Stratal slice imaging and RGB color blending

| Time—frequency analysis simulation
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RGB Color Blending Plot

D RGB color model: an additive color model in which red, green, and blue are added together to produce a

broad array of colors.

RGB Color Model CMYK Color Model

Additive color model Subtractive color model
For computer display For printed material
L o display nk to display color
Color 5 Colors result from reflected light
Red+Green+Blue=White yan+Magenta+Yellow=Black

Red

Magenta

D Using color blending plot, we can visualize subtle geologic features

D Various color blending plots based on various types of seismic attributes

(Chopra and Marfurt, 2007)
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Stratal Slice
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(Hongliu Zeng, and Tucker Hentz, 2004)



RGB Color Blending Plot with Significant Components
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Seismic Trace
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Time—Frequency Analysis
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Summary

Spectral recompostion as a new approach of spectral analysis

4
a
4
a

extracts significant component frequencies and their amplitudes
reconstructs seismic spectrum accurately and efficiently
improves seismic display, color blending plot and t-f analysis

can be used in inversion, reservoir characterization, etc.

SNLS in spectral recomposition

a
4

converges to local minimum quickly

allows interpreter to choose number of components in estimation
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