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Overview 
 
Because different attributes extract different types of information from the seismic amplitude 
volume, combining these attributes holds the promise of displaying an even greater amount of 
information. There are several ways of combining different attributes ranging from Venn 
diagrams residing in the mind of the human interpreter, simple spread sheets as used in risk 
analysis, dimensionality reduction, clustering, projection, and other types of machine learning 
algorithms. In this section, we examine interactive interpreter-driven multiattribute 
visualization techniques. Although multiattribute visualization has been available for more than 
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20 years, it is still underutilized by many interpreters. One of our major goals is to show that 
human interpreters routinely combine the attribute expression seen in adjacent voxels to form 
a pattern that represents a specific stratigraphic, tectonic, or diagenetic process. We will find 
that patterns such as recognizing a progradation system is easy for a human interpreter and 
currently beyond the reach of our most advanced machine learning algorithms. 
 
The examples in this document were developed as part of a hands-on attribute course using the 
public domain F3 data volume acquired over the Netherlands sector of the North Sea. 
 

Computation Flow Chart 
 
The aaspi_corender GUI requests the user to provide two or three input data volumes and a 
suite of parameters that allow corendering them using more advanced option provided by the 
C++ program aaspi_plot. Supported corendering options include alpha blending of two or three 
volumes and RGB or CMY blending of three volumes. Through the appropriate choice of alpha 
blending parameters and using a monochrome gray colorbar for layer 2 and a monochrome 
black colorbar for layer 3, the interpreter can accurately emulate an HSL color display. There 
are no output data files; rather the corendered volumes are displayed directly to the screen 
using program aaspi_plot. Program aaspi_plot allows export of the corendered colored images 
in *.tiff tag image file format, but not of the data themselves in *.H format. 
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Output file naming convention 
 
The aaspi_corender GUI and python script generates only one output file: 
 

Output file description File name syntax 

Program log information aaspi_corender.log  

 
that contains any errors, much of the input information, a description of intermediate variables, 
and any software trace-back errors. 
 
 

Invoking the aaspi_corender GUI 
 
To invoke the aaspi_corender GUI select the Display Tools tab on the aaspi_util GUI and drop 
down to corender: 
 

 
 
The following GUI appears: 
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Program corender provides three different color models (a) alpha blending, which we will see 
can be used to emulate a hue-saturation-lightness color model, (b) red-green-blue (RGB), the 
color addition model, and (c) cyan-magenta-yellow (CMY), the color subtraction model. Let’s 
start with the (1) alpha-blending model, which will be the default. Recall from the lectures that 
alpha-blending, opacity, and transparency are three different names for the same kind of 
display. 
 

Corendering two volumes using alpha-blending (opacity/transparency) 
 
In general, there can be three layers. The (2) first, or base layer, is always opaque. For our first 
example, let’s choose (3) the seismic amplitude volume, which I have named d_mig_F3.H. I will 
plot the seismic amplitude against a (4) a red-white-blue colorbar. For simplicity, I will scale 
these data using (5) statistical scaling, so I place a checkmark. To see weaker events, I clip my 
data at the (6) 90 percentile. Because seismic amplitude exhibits both positive and negative 
values (peaks and troughs), I do not place a check mark after (7) All positive values. 
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Next, to define the second layer of our image, I select the (8) Layer 2 tab.  I then (9) browse to 
find my coherence/similarity volume and plot it against a (10) a monochrome black color bar. 
To allow me to see the underlying seismic data in areas where the coherence is high, I choose 
(11)  (11) the Opacity curve type to set low values of coherence to be opaque, rendering a black 
image. High values will be more transparent, allowing us to “see through” the 2nd layer to see 
the underlying red-white-blue base layer. Coherence ranges from 0 to 1, so I (12) uncheck the 
Use statistical data scaling option, and then type in the (13) Minimum value of 0 and (14) 
Maximum value of 1. 
 
The values below these top panels are identical to those in the aaspi_util QC plotting tab, so I 
go plot some time slices, inlines, and crosslines: 
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6  

 
Note that by using variable opacity and a monochrome black color bar, the original hues of the 
underlying image are preserved for high coherence (transparent) parts of the data. You can use 
this same trick in Petrel and other commercial software that allows a variable opacity curve. 
 
Corendering coherent energy and the coherent energy gradient 
 
Now let’s corender the coherent energy and the coherent energy gradient. The first two layers 
look like this: 
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Here we will corender the two volumes and examine a slightly shallower time slice that shows 
the dewatering features above the northern salt diapir: 
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Emulating the HSL color model using alpha blending (opacity/transparency) 
 
If we wish to emulate an HSL color model, the base layer should always be plotted against a 
polychromatic color bar. The 2nd layer will typically be plotted against a monochromatic gray 
color bar, which defines the saturation, or S, axis of the HSL color model. The third axis will be 
plotted against a monochrome black colorbar for single polarity attributes and against a binary 
black-white colorbar for dual polarity attributes, which defines the lightness, or L, axis of the 
HSL color model.  
 
 
Co-rendering dip azimuth and dip magnitude using alpha-blending (opacity) in program 
corender   
 
Invoke program corender under the Display Tools tab of the aaspi_util GUI to obtain the 
following GUI: 

 
 
 
Choose (1) Alpha blending (Co-render 2 or 2 volumes) and active the tab for the (2) base layer . 
In this example I have selected the (3) dip azimuth volume generated from program dip3d. The 
azimuth volumes are associated with (4) a cyclic colorbar cyclic.alut that has blue for North at 0° 
and progresses around the color wheel through magenta at 60°, red at 120°, yellow at 180°, 
green at 240°, cyan at 320°, and back to blue at 360°. For dip azimuth,  leave the (5) Use 
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statistical data scaling Box unchecked and Plot the data between max and min values which we 
want to set between -180° and +180°.  
 

 
 
To emulate saturation in the HSL color model, we will plot the (8) second layer using (9) dip 
magnitude, plotted against (10) a monochrome gray color bar. We will choose (11) the Opacity 
curve type to set low values of dip magnitude to be opaque, rendering a gray image. High 
values will be more transparent, allowing us to “see through” this 2nd layer to see the 
polychromatic base layer below it. In order to optimally span the range of the data, (12) check 
Use statistical data scaling, and then in the Statistical data scaling subwindow set the (13) 
Percentage data to display clipping value to be at the 90 percentile. The values of dip 
magnitude are always non-negative. Dip magnitude is always non-negative, so (14) place a 
check mark next to All positive values. 
 
Let’s see what we’ve got so far. Drop down and leave the default display parameters and in the 
far bottom right of the GUI click the Execute corender button. Then play with the VCR buttons 

 to get to line 450 where we noted earlier that there was a salt dome in the data and 
hopefully see this image: 
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In a February, 2015 Interpretation paper, Marfurt shows how to effectively blend multiple 
attributes in Petrel 
(http://mcee.ou.edu/aaspi/publications/2015/Marfurt_2015_Techniques_and_best_practices_
in_multiattribute_display.pdf ). If your software allows opacity, these same “tricks” can be used 
there. If you don’t have access to such 3D visualization software, then you can load the 2D color 
bar from program hlplot into your workstation. Instructions on how to do this are in the AASPI 
documentation. You will almost certainly be limited to use no more than 256 (230 for Kingdom) 
colors and will need to turn the default voxel color interpolation option off. 
 
Since we are using 256 colors for the base layer attribute and another 256 colors for the 2nd 
layer attribute, this image exhibits 256*256=65,536 colors, and thus provides somewhat better 
resolution in the upper right corner than the 256-color image generated using program hsplot. 
Images with these many colors cannot be loaded into most commercial workstation packages, 
although several can generate similar images. 
  

http://mcee.ou.edu/aaspi/publications/2015/Marfurt_2015_Techniques_and_best_practices_in_multiattribute_display.pdf
http://mcee.ou.edu/aaspi/publications/2015/Marfurt_2015_Techniques_and_best_practices_in_multiattribute_display.pdf
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Co-rendering dip-azimuth, dip-magnitude, and seismic amplitude volumes 
 
 
We are part of the way there. We need to corender the seismic amplitude with these two data 
volumes to more correlate the dip azimuth/dip magnitude image to the conventional seismic 
amplitude response. Return to the corender GUI and  (15) set the parameters for layer 3. 
 

 
 
The (16) input attribute for layer 3 will be the seismic amplitude data volume. In my case, I had 
named it d_mig_F3.H (the migrated data for the F3 survey). As we discuss in the lecture, we will 
want to use a (17) binary black-white color bar. Then (18) we will set the values of the dual-
polarity seismic amplitude bo be transparent for values near zero, and opaque for highly 
positive and highly negative values, giving us an opacity curve that is V-shaped. The result is an 
image where highly positive amplitudes will appear to be white, and highly negative values will 
appear to be black. Amplitudes near zero will be see-through, showing the dip azimuth/dip 
magnitude volumes below on layers 1 and 2. For now, let’s (19) place a check mark for 
statistical scaling, use the (20) 90 percentile clipping (linearly scaling the data ranging between 
the 5 and 95 percentiles to the color bar and clipping the extrema). Because seismic amplitude 
exhibits peaks and troughs (is dual polarity), there should not be a check for (21) All positive 
values. 
 
Again, leave the default display parameters below as they are and click the Execute corender 
box at the bottom right of the GUI to obtain this image: 
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This image is a little easier to interpret. Remember that the line orientation is from West on the 
left to East on the right. The area of flat dip indicated by the gray arrow is gray. The clinoforms 
dipping to the west indicated by the green arrow appear green. The west flank of the salt done 
indicated by the green arrow appears a brighter green. The east flank of the salt dome 
indicated by the salmon-colored arrow appears magenta and red.  Areas that are blue and 
yellow are dipping into and out of the plane of the image.  
 
Now let’s generate a time slice. Drop to the lower part of the corender GUI 
 

 
 
and change the (22) Desired output axis 3 to be Time, click the Execute corender button, and 
obtain the following image: 
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where I see the westward dipping progradation at t=0.796 s.  
 
Towards the bottom of the survey at t=1.796, I see two salt domes and significant faulting: 
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Co-rendering dip azimuth, dip magnitude, and coherence using program corender 
 
These two time slices are nice but as useful as if we had plotted a coherence (similarity) 
attribute against dip azimuth and dip magnitude. Return to the corender GUI  
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and now for (23) Layer 3 I select (24) an energy ratio similarity volume as the input, and (25) 
plot it against a monochrome black color bar. I choose the (26) opacity curve such that low 
similarity (coherence) volumes appear opaque (black) and high similarity volumes appear 
transparent, allowing us to see through the similarity layer and see the underlying dip azimuth 
and dip magnitude layers. Coherence ranges between 0 and 1, so uncheck (27) Use statistical 
data scaling and for now enter 0 and 1 as the (28) minimum and (29) maximum values to be 
mapped to the color bar. 
 
Leaving my display parameters as before, I plot the following time slices through the three 
corendered volumes: 
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Where in the deeper image, I see that the cores of the salt domes are incoherent and appear 
black. Note how the dip about the northernmost salt dome mimics the color wheel, dipping to 
northeast (magenta), southeast (red), south (yellow), southwest (green), and northwest (cyan) 
about the nearly circular salt dome. 
 
 
Vertical slices along inline 350 and crossline 900 through these three data volumes look like 
this: 
 

 
 

 
 
The 3-component cylindrical colorbar can be generated in program hlsplot and looks like this: 
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Corendering most-positive curvature and most-negative structural curvature  
 
Next, lets to co-render the most-positive curvature, k1, and the most negative curvature k2 on 
time slices. My three layers look like this 

 



Display Tools: Corendering Attributes – The aaspi_corender GUI 

Attribute-Assisted Seismic Processing and Interpretation     11 July 2022 Page 21 
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where the third layer is empty for now. For the base layer, I’ve selected the 
red_white_blue.alut colorbar rather than the default curvature.alut colorbar. For Layer 2, I have 
selected the binary_red_blue.alut color bar as we discussed in the lecture part of the course. I 
get the following two time slices: 
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I see quite a bit of East-West footprint on the t=0.796 time slice. At the deeper time slice, the 
curvature nicely delineates the faults and the flanks of the salt domes. Internal to the salt 
domes, the curvature is meaningless, because any reflection events are mismigrated noise, 
converted waves, and aliasing artifacts. Corendering with coherence will mask the interior of 
the salt domes. 
 
Corendering most-positive and most-negative amplitude curvature 
 
We can use the same workflow to corender most-positive and most-negative amplitude 
curvature. Here, we’ll examine a slightly shallower time slice that shows the dewatering 
features about the northernmost salt diapir: 
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Corendering most-positive curvature, most-negative curvature, and coherence 
 
Return to the corender GUI and now set Layer 3 to display coherence as we did in the previous 
dip azimuth/dip magnitude/coherence exercise: 
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and obtain the following images: 
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Vertical inline and crossline slices through the corendered volumes look like this 
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Corendering most-positive curvature, most-negative curvature, and seismic amplitude 
 
Returning to the corender GUI reset Layer 3 to be seismic amplitude plotted against a binary 
black-white color bar: 
 

 
 
and obtain these vertical inline and crossline slices: 
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Red arrows indicate anticlinal features over the salt diapirs; blue arrows indicate synclinal 
feature on the salt flanks. It is very common for normal faults to exhibit a positive curvature 
anomaly (in red) on the footwall, and a negative curvature anomaly (in blue) on the hanging 
wall about the faults.  
 
The paper by Marfurt 
(http://mcee.ou.edu/aaspi/publications/2015/Marfurt_2015_Techniques_and_best_practices_
in_multiattribute_display.pdf ) shows you how to do this in Petrel. Here we will use AASPI 
program corender.   
 
Plotting the curvature vector (The curvature strike modulated by its value) 
 
Next, let’s plot the strike of k1 as the base layer using a cyclic color bar, the value of k1 as layer 
2 plotted against monochrome gray and with the low positive values being opaque, and energy 
ratio similarity as layer 3 against monochrome black with low values opaque (You can do the 
same thing in Petrel with a little practice). My three layers look like this: 

http://mcee.ou.edu/aaspi/publications/2015/Marfurt_2015_Techniques_and_best_practices_in_multiattribute_display.pdf
http://mcee.ou.edu/aaspi/publications/2015/Marfurt_2015_Techniques_and_best_practices_in_multiattribute_display.pdf
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Note that strike ranges between -90° and +90°. Time slices through these corendered volumes 
look like this: 
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Most interpreters think  “well the colors are  
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We can generate the same kind of image using program aaspi program hlsplot, which provides 
a useful colorbar to go with it: 
 

 
 
The (eigen) value of k1 plotted against its strike and coherence is shown in the middle image. 
Note that the color wheel replicates after 180 degrees – EW strike is the same as WE strike.  
 
Co-rendering vector aberrancy with coherence and with seismic amplitude 
 
A more recent attribute that’s not yet in any commercial software is aberrancy. Aberrancy is a 
vector that measures the magnitude and orientation of flexures and is the 3rd derivative of an 
implicit depth structure map. 
 
Use program corender to plot the azimuth of aberrancy against a cyclic color bar as the base 
layer, the magnitude of aberrancy against a monochrome gray colorbar as the 2nd layer, setting 
the low values to be opaque, and coherence against a monochrome black colorbar as the 3rd 
layers, setting the low values to be opaque. The result looks like this: 
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As with the previous time slices of the most positive curvature vector (the k1 strike modulated 
by the k1 value), the display of the aberrancy vector may seem superfluous. Obviously, the 
aberrancy vector should be perpendicular to a linear aberrancy flexure anomaly. However, 
while a human interpreter “sees” these flexure lineaments, the computer doesn’t. Rather, at 
each voxel we have a measure of not only the intensity of a flexure, but also its orientation. By 
convention, the aberrancy vector is in oriented in the direction of downward flexure 
orientation. Examining the same vector corendered with seismic amplitude on vertical sections 
gives 
 

 

 
 
The yellow arrow indicates south trending (yellow) flexure that is the expression of acquisition 
footprint on the inline section. The gray arrows indicate an area with very few flexures. In 
contrast, the white arrows indicate three different areas that are highly faulted. The flexures 
with these faults may be due more ductile deformation about the faults, to conjugate faulting, 
where the conjugate faults have little offset and thus appear as flexures, or to inaccurate 
velocities where the edges of faults may be over- or under-migrated.  
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Details on the aberrancy theory can be found under the Help tab and in a recent paper by Qi 
and Marfurt (2017) http://mcee.ou.edu/aaspi/publications/2018/Qi_and_Marfurt_2018-
Volumentric_aberrancy_to_map_subtle_faults_and_flexures.pdf . Bhattacharya and Verma 
(2020) provide an excellent case study on faulting in the North Slope of Alaska, USA: 
http://mcee.ou.edu/aaspi/publications/2019/Verma_and_Bhattacharya_2019_SEG_Expanded_
Abstract.pdf . 
 
 
Corendering the reflector convergence vector with coherence and with seismic amplitude 
 
Now let’s do a similar plot of the azimuth and magnitude of reflector convergence with 
coherence. The azimuth of convergence is the direction in which layers thin or are truncated. If 
the magnitude of convergence is zero, the layers are constant thickness. In this image these 
zones will appear as gray. Zones with strong convergences, such as pinchouts and 
unconformities will appear as brighter colors. For relatively flat data, the convergence is the x 
and z components of the curl of vector dip, .p  (the change of the inline component with 

depth and the change of the crossline component with depth). In general, we plot the curl of 
vector dip projected onto a smooth (average) dipping plane that best represents the local 
geology. 
 
Let’s plot vector convergence and coherence together using program corender. The three 
layers look as follows: 

 

http://mcee.ou.edu/aaspi/publications/2018/Qi_and_Marfurt_2018-Volumentric_aberrancy_to_map_subtle_faults_and_flexures.pdf
http://mcee.ou.edu/aaspi/publications/2018/Qi_and_Marfurt_2018-Volumentric_aberrancy_to_map_subtle_faults_and_flexures.pdf
http://mcee.ou.edu/aaspi/publications/2019/Verma_and_Bhattacharya_2019_SEG_Expanded_Abstract.pdf
http://mcee.ou.edu/aaspi/publications/2019/Verma_and_Bhattacharya_2019_SEG_Expanded_Abstract.pdf
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and gives the following time slices: 
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The yellow area indicates a convergence to the South.   
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where the green arrows indicate convergence to the SW at the base of the clinoform package 
at approximately t=0.8 s and the magenta arrows indicate convergence to the NE at the top of 
the clinoform package at approximately= 0.7 s. Note that there is also strong reflector 
convergence about the salt diapirs indicating that the thicker sediment package was due to 
increased accommodation space due to salt withdrawal. 
 
 
 
Note the yellow anomaly delineates the downlapping sediments coming from the shelf on the 
right of the image. Slightly above the yellow anomaly, the blue anomaly maps convergence to 
the North, corresponding to a toplap surface. 
 
Corendering the shape index and curvedness with coherence and with seismic amplitude 
 
Shape index and curvedness make another useful structural pairs. The mathematical 
description of this attribute can be found in the AASPI documentation. In the following display, 
domes will be red, ridges yellow, saddles green, valleys cyan, and bowls blue. Planar features 
will be gray. 
   
Shape index and curvedness are useful in highlighting karst collapse which will appear as blue (a 
bowl shape) and carbonate buildups which often appear as red (dome shape).  The F3 survey 
has neither of these features, so I find these two attributes to have limited value. However, 
your data volume may exhibit such features, so let’s plot them for completeness. The base layer 
is the shape index, plotted against its own color bar. Layer 2 is curvedness, plotted against 
monochrome gray and setting the more structural deformed features (higher values of 
curvedness) to be transparent. Layer 3 is coherence for time slices and seismic amplitude for 
vertical slices as in many of the previous images. 
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The 2D color bar for high coherence reflectors is gray for planar events (Curvedness=0) and a 
fully saturated color for highly deformed events: 
 

 
Lower values of coherence result in darker colors of the same hue. 
 

 

Bowl Valley Saddle Ridge Dome 

Plane Plane Plane Plane Plane 

Bowl Valley Saddle Ridge Dome 

Plane Plane Plane Plane Plane 



Display Tools: Corendering Attributes – The aaspi_corender GUI 

Attribute-Assisted Seismic Processing and Interpretation     11 July 2022 Page 44 
 

 

 



Display Tools: Corendering Attributes – The aaspi_corender GUI 

Attribute-Assisted Seismic Processing and Interpretation     11 July 2022 Page 45 
 

 

 
 
Note that the faults in the time slice at t=1.796 s appear as cyan, indicating that they exhibit a 
valley shape, which suggest very narrow grabens. These faults overly a deeper salt diapir. 
 
Modulating peak spectral frequency by peak spectral magnitude 
 
Programs spec_cwt, spec_cmp, and spec_max_entropy generate statistical measures of the 
spectrum as well as the spectral magnitude components themselves. The peak spectral 
magnitude is the mode of spectrum at each voxel. The peak spectral frequency is the frequency 
value at which the mode occurs. Let’s set up our 3 layers like this:  
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and obtain the following inline and crossline images: 
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Repeating the exercise for the time slices of peak frequency, peak magnitude and coherence 
gives these images: 
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The RGB color addition model  
 
AASPI provides three different algorithms to compute spectral magnitude, phase, and voice 
components: spec_cwt uses continuous wavelet transform, spec_cmp uses complex matching 
pursuit, and spec_max_entropy uses maximum entropy algorithms. The continuous wavelet 
transform is computed by applying a sequence of filter banks (band pass filters) to the original 
seismic data, resulting in a suite of spectral “voice” components. (This is the same band pass 
filter analysis used by seismic processors to determine the spectral limits of the signal in their 
recorded data).  
 
Using RGB to corender three spectral magnitude volumes 
 
The most common display is of the spectral magnitude components. To better understand what 
is going on, use program aaspi_plot to generate images of spectral magnitude volumes at 20, 
40, and 60 Hz against red, green, and blue colorbars. These colorbars can be loaded in 
aaspi_plot under the File tab, and then selecting the Change Color Table option: 
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And then selecting Additional color bars: 
 

 
 
where you will find the red.alut, green.alut, and blue.alut colorbar files. 
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Next, I go under the Display Tools tab on the aaspi_util GUI and invoke the program corender: 
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First, I (1) use the drop-down menu to Choose the blending type to be RGB blending. Then (2) I 
select the Red tab. Most workers will apply red to a lower frequency, green to an intermediate 
frequency, and blue to a higher frequency, mimicking the visible light spectrum, but be aware 
that this is not universally followed. Using the convention, I (3) select the 20 Hz spectral 
magnitude component. Next, I (4) Use statistical data scaling, and set the (5) Minimum 
percentage value to be 0 and the (6) Maximum percentage value to be 90. Finally, spectral 
magnitudes exhibit (7) All positive values. 
 
Next, I click the (8) Green tab, and (9) enter the 40 Hz spectral magnitude component. I set the 
scaling parameters to be the same as I did for the 20 Hz component plotted against red.  
 

 
 
Finally, I click the (9) Blue tab, and (10) enter the 60 Hz spectral magnitude component. Again, I 
set the scaling parameters to be the same as I did for the 20 Hz component plotted against red.  
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Finally, the automatically generated plot title is not only long, but unclear, so I type in a simpler 
title: 
 

 
 
Clicking the Execute corender button gives the following results 
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The CMY color subtraction model 
 
CMY Plots of Coherence Computed from Different Spectral Voices  
 
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 
can be found 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 ).  
 In the AASPI code we can define a suite of filters internal to program similarity3d: 
 

http://mcee.ou.edu/aaspi/publications/2018/Li_et_al_2018-Multispectral_coherence.pdf
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If you wish to examine each of the components plotted separately against cyan, magenta, and 
yellow, in your aaspi_plot display, under the File tab and select Change Color Table: 
 

 
 
and then select Additional color bars:  
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This will take you to a larger list in the aaspi_colors folder:  
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where I have selected the color bar cyan.alut for the base layer, followed by magenta.alut and 
yellow.alut for three different energy ratio similarity (coherence) volumes: 
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Using these three files as input, I obtain the following CMY corendered images: 
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Areas where coherence is low for all values appear as black. 
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Limitations of multiattribute display 
 
Multiattribute display using opacity, the HSL, RGB, and CMY color models, and crossplotting 
provides a powerful, interactive tool that combines the information content of two or three 
(and if one of the attributes is an edge attribute) possibly four volumes of data. In general, 
crossplotting is limited to defining hexahedral clusters when applied to 3 different volumes. The 
HSL, RGB, and CMY color models work for no more than three attributes. To address such larger 
dimensionality, we need to resort to either projection techniques such as principal component 
analysis and independent component analysis, or to the more general  machine learning  
algorithms that comprise the AASPI software package. 
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