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Statistical analysis of scattered wave by AR time series modeling technique:
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Abstract

To improve seismic imaging technology, the scattered waves generated by the random short-
wavelength heterogeneities in underground must be considered because the scattered waves
mask important seismic signals. We applied multivariate AR modeling methods and tried
to detect changes of the characteristics of waveforms in frequency domain. Since excitation
of scattered waves are strongly controlled by the characteristic scale length of the random
heterogeneity, the values of coherency or relative noise contribution in different frequency is
useful for detecting signal waves that are generated from the larger heterogeneities that are
often considered to be target heterogeneities. For detecting reflected waves masked by the
scattered waves, the coherency and the relative noise contribution were calculated for the two
waveform pairs observed in a circular array. We analysed waves in the time window with 300
data points, and moved the windows. In the low frequencies, coherency and relative noise
contribution show changes when the window moves from scattering part to the reflected
wave part. However, in the high frequencies, the change is not clear and waveforms are
strongly affected by the scattered waves. By making image plots of coherency and relative
noise contribution as a function of time and space, we can distinguish the reflected wave
parts from the scattered wave parts. The present method may be useful for tracing reflected

waves in seismic waveforms.
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Fig. 1 An illustration of physical model experiment.
The elastic wave is generated from a piezoelectric trans-
ducer (PZT) attached at one of the major surfaces of the
sample and received at the opposite surface.
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Analysis: Cross Spectrum, Coherency, Noise Contribution
Fig. 2 Analysis of waveforms. Analyses were made
for two waveforms within the time windows containing
300 data points. When two waveforms have a close re-
lationship or close correlation, coherency and relative
noise contribution indicate the relationship between two
waves.

PPP

48 46 64 72 80

Time (1s)

Fig. 3

Waveforms of Westerly granite. Wave source was excited by a single-cycle 1-MHz sine wave. An

observation array was set with 1-cm radius and 2-degrees aparture distance.
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NOISE CONTRIBUTION: Westerly IM-skip1-1:0.500MHz

NOISE CONTRIBUTION: Westerly IM-skip7-7:0.500MHz
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Fig. 4 An image plot of noise contribution for 0.5 MHz for space (observation point) and time (moving time
window).
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Fig. 5 An image plot of noise contribution for 1 MHz for space (observation point) and time (moving time
window).
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Fig. 7 An image plot of noise contribution and coherency for 0.5 MHz for space (observation point) and time

(moving time window). The image plots are the average of skipl, skip3, skip5 and skip7.



