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Introduction 
 
The AASPI software provides three implementations of spectral decomposition. The simplest 
(and computationally fastest), spec_cwt, is a linear decomposition based on the continuous 
wavelet transform.  Spec_cmp is an “atomic” decomposition using a complex matching pursuit 
algorithm and is generally found to provide higher temporal and spectral resolution. Program 
spec_max_entropy is a maximum entropy implementation of the short time Fourier transform. 
The program reconstructs the signal by using simple sines and cosines whose period can exceed 
that of the analysis window, using concepts described by Tad Ulrych, in his 2008 SEG 
distinguished lecture tour. In general, these algorithms provide comparable results; however, 
depending on the data quality, either spec_max_entropy or spec_cmp may provide improved 
interpretation resolution. The fourth algorithm, spectral probe, is a simple crosscorrelation 
technique that some authors have found useful in highlighting fault discontinuities. 

Using the continuous wavelet transform program spec_cwt 
 
To run spec_cwt, go to Volumetric Attributes → spec_cwt (18A) and invoke the following GUI 
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If you did not previously set your “AASPI default parameters” make sure you put in reasonable 
spectral components (18B). For this example, we start at 5 Hz and compute components up to 
100 Hz at 5 Hz increments. For depth-migrated data, these values mays start at 2 cycles/kft, go 
to 10 cycles/kft, at 0.25 cycles/kft increments. When you go back to your office, rerun this 
algorithm with the spectral magnitude (18C), phase, and voice components turned on. On a 
laptop, these larger files may fill your disk drive, since they will generate a volume for each 
spectral component. 
 
In spectral decomposition, the seismic data are decomposed into their spectral components. The 
spectral components can be expressed as the magnitude and phase, or as the voices. Adding the 
voices reconstructs the original data. Alternatively, if we choose to flatten (spectrally balance) or 
even “blue” the spectra, we can reconstruct a broader band, and thus higher resolution data 
volume. In the AASPI software, we simply call this the reconstructed data or d_recon_GSB_0.H. 

18B 

18C 

18D 

18A

1 
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In the GUI above, chose a 1% spectral balancing factor (18D). The resulting image, compared to 
the original looks like the figure below. The zone indicated by 18E brings out some subtle higher-
frequency reflectors that previously were buried in other spectral components. If you are drilling 
a horizontal well, such subtle features can make your life much easier. In zone 18F we are able 
to discern rotated reflectors within the faulted area that were not previously well-defined. 
Spectral balancing can also enhance noise. Note the high-frequency cross-cutting artifacts at 
zone 18G which are probably to migration operator aliasing. A skilled interpreter can pick through 
these, but attribute calculations will think they are geology. We will address such cross-cutting 
artifacts when we discuss structure-oriented filtering.  
 
Now let’s look at some of the spectral components. If your laptop has sufficient space, you may 
have generated the spectral voice, magnitude, or phase components. The default is to store them 
as a 4D volume (time, frequency, cdp no., line no.). To display them go to Display Tools → 4D 
data spectral viewer: 
 

 
 
 
 
Plotting the voice components first: 
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/ 
 
The default plot is to plot all the voice components for a given trace. The order of the output axes 
will be Time, Frequency, CDP no., and Line no. resulting in the following types of images 
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If we change the order of the axes in the data viewer to be Time, CDP no., Frequency, Line no., 
 

 
 
  
we obtain these images of seismic lines at a constant frequency 
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where you see the magnitude at 80 Hz is quite a bit lower, even after spectral balancing. 
 
 
The spectral voices are simply bandpass-filtered versions of the seismic data an look like this 
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while the phases look like this 
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In general, examining all these components is overwhelming. There are several statistical 
measures of the spectrum such as the spectral bandwidth and slope. One of the easiest to 
understand is the mode (or peak) of the spectral magnitude. We call this value the peak spectral 
magnitude. The phase and frequency at the mode are called the peak spectral phase and peak 
spectral frequency. Let use program corender to modulate the value of the peak frequency by its 
peak magnitude. Define the base layer and second layer to look like this 
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These values will give an image that should look like this 
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where the gray areas indicate that the amplitude spectral magnitude is quite low. Let’s add 
energy ratio coherence to be the 3rd layer in the display: 
 

 
 
Resulting in the following image 
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The color of the channels cutting through the shelf edge is a measure of their tuning thickness. It 
is important to spectrally balance the data as part of the tuning thickness estimation to remove 
the “tuning” of the source wavelet as much as possible. A limitation of program corender is that 
you not obtain a 3D color bar. If you need one, you can run program hlsplot. 
 

 
Most interpreters use blue for high frequency and red for low (like light!).  

Multispectral Coherence 
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If you carefully examined the voice components computed at different frequencies in previous 
images in these exercises, you may have noticed that faults appear differently at different 
frequencies. Indeed, sometimes the optimum broadband data we work so hard to produce 
results in similar reflectors lying across a fault resulting in the absence of a coherence anomaly. 
In contrast, one or more “suboptimum” bandpass-filtered versions of the data may exhibit a good 
coherence anomaly. The goal of multispectral coherence is to compute a suite of coherence 
anomalies and then somehow combine their results. The details of this combination is detailed 
in the documentation for program  similarity3d and in a paper by Li et al. (2018) 
(http://mcee.ou.edu/aaspi/publications/2018/Li_et_al_2018-Multispectral_coherence.pdf ). 
For now, let’s simply examine the Spectral Filtering Parameters under the Analysis window 
parameters tab: 
 

http://mcee.ou.edu/aaspi/publications/2018/Li_et_al_2018-Multispectral_coherence.pdf
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The GSB data range between 5 and 100 Hz, so the target bandwidth is fine. The default is to ask 
for six filter banks (band-passed versions of the seismic data). The filter banks will of equal size 
with a width and Tukey tapers that span the range from 5-100 Hz. The Tukey tapers overlap in 
such a way that when the filter banks are added together, one recreates the original data. In this 
exercise, we will ask to compute not only the broadband coherence (the conventional coherence 
computed from the broadband data) but also the multispectral coherence. The last tab requests 
the computation of coherence for each of the six filterer versions of the seismic data. As you 
might suspect, this process may take somewhere between 3 and 7 times the computation time 
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as the simple broadband coherence. Using 7 processors on my laptop, the projected completion 
is about 1.7 hours. The spectra of the filter banks are in a file that begins with filter_coefficients 
and looks like this when plotted using the Wiggle trace option: 
 

 
 
Let’s begin by comparing the broadband vs. the multispectral coherence images: 
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Examining the areas in the three ovals, note that the overprinted noise is suppressed while the 
stratigraphic and structural edges are preserved, further improving the interpretability. 
 
Now let’s examine some of the images from the bandpassed-filtered versions of the seismic data: 
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Note the different contributions to the delineations of edges in the first three images. In general, 
higher frequency bandpass filters image small, more vertically localized features. At this level, 
the higher frequency bandpassed filtered coherence images are quite noisy. At other levels they 
show greater detail. Let’s co-render these first three images using RGB in program corender using 
the Red, Green, and Blue tabs: 
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Interpreting this image requires a more advanced understanding of how 3-component color bars 
work. If each component has a coherence value of 1.0, the result is white. If all are equal but not 
1.0, then we obtain shades of gray, such that black edges in the image above indicated that they 
are mapped by all three spectral bands. If one of the components, say the middle frequency 
plotted against green has low coherence and the other two coherence = 1.0, then we subtract 
green from the image, resulting in a magenta anomaly. Likewise edges seen at the lowest 
frequency (plotted against red) will appear cyan, while those mapped against the highest 
frequency (blue) will appear as yellow.  
 


