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Introduction 
VoxelCalc is KehlCo’s flagship software product for analysis of CT and MRI data.  It has 
the capability to read many vendor images and is implemented on MS Windows, UNIX and 
Linux.  It has its roots in geoscience research and is licensed for use by major oil companies 
worldwide.  This tutorial provides the user with some rudimentary information to facilitate 
to use the system. Answers to questions beyond this are found in online help items or they 
can be obtained from KehlCo, Inc. at 281-748-8092, email: bob.kehl@kehlco.com for those 
companies holding the Annual Support Agreement.   Support can also be obtained on a fee 
per call basis.  
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Basic Functions 
Starting VoxelCalc 

Download, installation and run procedures may be found at www.kehlco.com/TrialVC.html 

When VoxelCalc is started, these panels, or widgets become visible.  

 
Typical first steps in using VoxelCalc are  

1. Dismiss Startup Message 
2. Select images on File Browser, press Read 
3. Set color range values – Min  and Max on Color Range Panel, Press Apply  
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4. On Main Panel, “Order” pulldown, select Tile Horizontal  
5. Remove background from slices.  On Main Panel menubar, ROI=>Crop Below Range. 
6. Try out the ROI tool, and then shop for quick reference to features at  

Appendix B 

 

Stopping VoxelCalc 

Termination of VoxelCalc is accomplished by Closing the parent terminal, which on Unix/Linux is 
an Xterm or on terminal is a PV-Wave Console/Home terminal.  Another means is to select 
Control/Exit on the menubar. 

Bugs and Unexpected Responses 

The parent terminal for VoxelCalc is labeled “wave” for Unix/Linux and “PV-Wave …”  for 
Windows.  This terminal is the place to look when you have unanticipated responses.  Errors 
reported on the terminal are prefixed by a percent sign (%) and should be reported to KehlCo.  
Please email a copy of the contents of the terminal (cut and paste) and add a description of the 
procedure that you were taking and if pertinent, copy of any graphics.  A response to these errors 
can be made promptly when this kind of report is made.  Further diagnostic information can be 
gathered by keying in a command !DEBUG=1 in the Calculator Keyin field.   Then cause the error 
to occur again.  At this point,  there will be a file to email to info@kehlco.com.  You will find it in 
the current browser (data) directory.    

Main Panel – Controls and the display of images 

The Main Panel is the central control for most of the features of VoxelCalc.  The Menubar across 
the top has an array of pulldown functions (See Appendix A for complete menubar function 
descriptions).  Below the menubar is a Calculator icon to show or hide the Calculator.  Adjacent to 
this is a group of controls for the Main Display.   They control the presentation of most recently 
fetched slices: 

Refresh Display Button – Refreshes the display according to all Control menubar settings 

Order – this menu pulldown provides Single Slice, Tile Horizontal or Tile Vertical order.  
Tile Horizontal places the images from left to right, top to bottom.  Tile Vertical places the 
images top to bottom, then left to right. 

Layout  - this menu button allows Automatic, Row or Column format for exact control of 
either rows or columns.  Automatic prefers a near equal number of rows and columns. 

Row/Column – this menu button selects the number or rows or column when Row or 
Column is chosen 

Image Focus – this slider selects a particular slice for Single order mode, or in Tile order modes it 
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outlines a slice with magenta.  Clicking on an image also causes the focus and the slider to change. 
The focused image is important for the functions menubar functions Statistics, Surface and ROI 
Tool.  

The menubar Control pulldown  menu 
provides some additional functions some 
of which control main display 
presentation: 

Exit  – exit from VoxelCalc 
Reset All – Clear all data 
including calculator memory and 
main display 
Clear Image Memory– Clear 
main display and its associated 
memory Control submenu 
(continued) 
 
Retain Range – current color 
range is kept upon Read from file 
browser 
Pixelate – Show pixels one-for-one with actual data, i.e., zoomed images are not 
interpolated. (toggle) 
Grid  – Show lines to separate images (toggle)  
Enumerate – Show an image number in the corner of each image (toggle) 
Retain Write Directory -  write directory is saved and restored for next file write (toggle) 
View Log –record of major user actions (toggle) 
Measure Settings – set values for engineering units of image/volume measurement 
Measure (Mode)– set display to allow measurement (toggle) 
 
Note: Toggles are restored from prior session. 
 

Help in context 

Help buttons appear on most control panels which provide detail procedures for the user and a 
summary Help button is on the main menubar for orientation to a few basic functions. 
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File Browser Basics - Fetching (Reading) Images 

The File browser is the means navigating within the file structures to 
obtain images and volumes for display and analysis.  Use it to select 
directories (upper list) and images or volumes. (lower list).  Once 
images are selected, the number selected appears and pressing the 
Read button loads the images into display memory and the Main 
Display is updated.  Read selections are cumulative.   Files are 
accumulated until they are "Read" or "Clear"ed.  Order is maintained, 
i.e., the order of selection determines the order of reading and 
display. Volume files (extension "fld" or "hdf") allow only the 
selection of one file item as they are intended primarily for 3-D data 
content.  Functions are: 

Read – Reads the selected images indicated by the All value. 

ROI Mask – When set, the Read extrudes the selected images 
through a previously defined Region of Interest (ROI). 

Save ROI – Saves the region of interest in a *.ROI file.  This can be 
restored from the ROI Tool. 

Up - Moves the directory up one level and refreshes the lists.  

Directory & Study Folders - Text defining the directory in which to 
apply the Filter. The directory is selectable from the list below  or by 
keying a legitimate directory name, followed by the Return/Enter key 

Clear Current  - Sets the Current count to zero 

Clear All  – Clears the Current and All count values. 

Select All – Selects all visible files (updates Current and All). HINT: 
use a filter with a three letter extension, like "*.250".  Under 
Unix/Linux only */*.250 allows selection of multiple files from more than one directory. 

View All – Displays all files accumulated. 

Filter  - A file filter which uses Unix "wild-card" (? or *) 
characters to mean a character, or group of characters.  Keying 
text  here causes the File List below to be updated 

File List - A scrolling list of files which may be selected by 
using  the mouse.  Multiple files may be selected by dragging 
the mouse with the button depressed or in the case of non-contiguous files, holding down the 
Control key while depressing the mouse key for each file.  Deselection of files is similar to 
selection.
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Range Panel (Color Distribution) 

 

The Range Control Widget is used to set the values over which the 
colors are distributed to render images. When reading new images, 
the original scale and histogram are usually based on the min/max 
values found in the all of the image data.  (See also Retain Range on 
the menubar.) The Reset to Full Range button returns the scaling to 
these min/max settings.  The mouse can control the range of values 
for rendering the images. Just press, drag and release MB1 on the 
histogram to change the min and max values for the color spectrum 
rendering.  The images and the histogram will be redrawn.  The Min 
Value and Max Value fields may be keyed to specify precise ranges.  
Enter these values and press APPLY to refresh the displays.  The 
CT Defaults button can be used to set a min/max range after 
specifying the range Defaults in the Calibrate Legend panel (See 
below).  

 

Calibrate Legend and Range Default Settings 

The legend shows actual data values below and another rescaled legend above the histogram.  The 
Calibrate Legend controls the rescaled engineering units legend.  A linear rescaling is controlled by 
the popup panel which uses the low and high values of the actual image data (CT low, CT high) and 
the corresponding low and high values of the other (rescaled) quantity.  The quantity name and 
units fields are also provided.  For CT values over a small range, the default density scale can be 
considered linear.  The Default Display Range values are for the action of the CT Default button on 
the Range panel. 
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Color Map Basics 

Colors upon first startup are the map shown on the Range Panel illustrations.  If the user desires, 
there are other maps that are easily employed using the Colors… menu map items.  Simple changes 
are employed with these three items: 

·  Load KehlCo Map - Reloads the default KehlCo color table. 

·  Std Colors – A list of Standard color maps 

·  Custom Colors -  A list of Custom color maps 

More detailed discussions of colors are found in a later section. 

Advanced Features & Tools 
Browser Driven Tools (for large data volumes)  

The use of VoxelCalc typically follows an operational pattern of -select some 
images, read them into memory, then select a preferred presentation (colors, 
range, format) and then select a function from the menubar that performs some 
action on theses images in memory.  This requires that all of the needed images 
be first loaded into memory.  For large and/or multiple 3-D arrays, this becomes 
too slow because of extensive memory allocation time.  Some results can be 
produced without loading all of the images at once, e.g., saturations can be 
calculated using just 3 slices at a time and the 3-D result of  multiple triads can 
be accumulated or written to a file for each slice’s saturation map.  Several 
functions offer this more efficient approach which uses the browser to define 
list(s), or volumes and then calling on the function.   These functions provide 
fast slice information, ROI, Beam Hardening Adjustment, Slice Animation Fly 
Through,  Slice a-operation-b calculations, spreadsheet importable statistics, 
classification, two phase saturations, slab rendering (true aspect), volume 
histogram graph and image exportation/publication.   

Info  - Provides a display of image header information 
for selected files with extensions “dcm” (DICOM), 
"250" and "idf".  

Fly Through Slices – Displays slices at a rate of no 
more than one per 1.5 seconds.  If a compatible ROI has 
been defined is applied.  A legend is supplied.  The first 
image is used for color scaling, so it is important that it 
includes somewhat typical  
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Publish Picture Groups – Produce image groupings 
from selected slice files as a sequence of image files.  
Image files of the chosen type are placed in a numerical 
sequence, with each image file containing the specified 
number of rows and columns.  The maximum dimension 
for the image keeps the files from being undesirably 
large.  The type of legend is works like the Range panel, 
and utilizing an existing and appropriate ROI definition 
can also be chosen.  Inappropriate ROIs are ignored. 
 

 

 

Slabs - Displays orthogonal slabs at the mid X and 
Y planes of all the slices.  The Measure Settings 
are used to provide the correct X-Z and Y-Z aspect 
ratios.  The first image is X-Z and the second is the 
Y-Z plane.  This can be useful for slabbing several 
hundred slices.   
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ROI/Beam Hardening – The selected slices are extracted according the previously defined and 
compatible ROI and optionally a beam hardening adjustment is applied.  Each slice is written into a 
Processed subdirectory of the slice’s directory.  The slices are overwritten without notice.  The file 
type is “dat’ which has embedded dimensioning information, so one should not mix two different 
ROI’s data. 

Resample Images – Selected slices are resampled (bilinear interpolation) to a user selected 
percentage of the dimensions and are then written to   a Processed subdirectory of the slice’s 
directory.  The slices are overwritten without notice.  The file type is “dat’. 

 

A op B Calculator – Slice pairs are combined using basic 
arithmetic operations - +, -, X, /.  The results are accumulated in 
a memory cell specified on the control panel.  Scale factors may 
also be applied to each slice array by entering a multiplication 
and bias/offset factor into the table.   

 

Lists are obtained from the browser selections using the A 
Browser List or B Browser List button. ROI extraction is 
possible along with the Fill value.  The result is placed in the 
selected memory destination.  Destinations 1-10 require using the Calculator Restore function. 

Once the A and B lists are obtained and the memory and ROI entries are made, press Calculate. 

Density & Atomic # (Dual Energy CT) 

This is a browser driven function to be used after the main 
menubar function Special=>Density Atomic # Calib(rate) 
function has be performed.  It writes slices of density and 
optionally atomic number maps to subdirectories of the 
source image data. 

Browser selections for high and low energy are acquired 
from the browser after which calibration data is obtained and 
then calculations are made. 

Get Coef- If calibrations have been made during this 
VoxelCalc session, this button will obtain the 6 coefficients, 

otherwise they may be keyed from the COEF.xxx file produced by saving the calibrations. 

The source of calibrations is either from the menubar item Special/Density-Atomic # Calib. or the 
coefficients may be keyed in. 
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Calculate Rho or Calculate Rho-Z 

This causes calculations of either density (Rho) or both density and Atomic Number (Z) slice maps 
which are written to the subdirectories rho and Zeff  respectively.  The outputs are in PV-Wave 
archive format (.dat extension). These files may be read back into VoxelCalc.  They are portable to 
other computer architectures. 

High/Low Energy Browser List 

These buttons obtain lists from the Browser.  The High/Low Energy Slice values shows the how many 
of each have been obtained and they must be equal. 

Smooth pixels This keyed field is used to provide a box-car smoothing using a square matrix of the 
size of the value keyed.  Values of less than 3 result in no smoothing at all. 

Calculation Coefficients 

These six values are the A,B,C,D,E,F values computed using the density atomic number calibration 
tool and they can be found in the COEF.??? files 

NOTE: The value of B appearing in these COEF files should have the sign reversed when manually 
keyed into the table. 

The steps assuming a new VoxelCalc session, are: 

1. Menubar, Special => Density-Atom # Calc. 

Get Calibration Coefficients button and then select the COEF.txt file from the popup file browser.  
The values now show on the Density-Atom # Calc Coefficients table and they are also in memory.  
Cancel the (blocking) popup file browser.  

1. Memory coefficients show on its widget  

2. Make image file lists 

o On the File Browser widget, select the high energy files, press 'High Energy Browser 
List'  (Do not Read) 

o On the File Browser widget, select the low energy files, press 'Low Energy Browser 
List'   The number of highs and lows show on the widget and should be equal 

3. Optionally set Smooth pixels to be > 3, if data is noisy 

4. Press Calculate Rho, or Calculate Rho-Z.    This causes a High-Low image pair read, 
calculation of a new image(s).  Images are placed in files, one per slice in subdirectories 
Density and Zeff below high-low image source directories and are named xxxxx.dat in a 
numerical order. 
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The procedure will overwrite the density and atomic number files, so move outputs that you wish to 
save or make them write-only. 

Cross Plot Tool 

The Cross Plot Tool provides cross-plotting of two 3-D volumes.  It generates a 3-D bar chart, a 2-
D color mapping of distributions and a tabulation of  statistics suitable for importation into a 
spreadsheet.   It also produces a memory image and display of the data on which the 2-D display is 
made and therefore, saving this data to a text file provides another means of importation into a 
spreadsheet. 

Cross plotting of two 3-D volumes containing properties such as the density and atomic number can 
be accomplished using this tool (left).  It produces a color map the cross plot increasing in 
population from blue to red in the figure on the right.  Parameters for each of the two volumes are 
set by the user.  The tabulated statistics of the cross plot are available to save to a file which can be 
imported to a spreadsheet.   In the case illustrated, eight slices each volume of density and atomic 
number are selected from the browser.  The data was produced by the Density & Atomic # tool 
above.  

 

 



VoxelCalc User Guide by ��������	
�

Copyright © 2008 by KehlCo, Inc. 

15 

 

 

Control panel for Cross Plot Tool 

The controls are preset to gather the 
output files from the calculated dual 
energy density and atomic number 
tools.  The process to produce the 
cross-plots: 

·  Define a ROI and specify Fill 
value (optional) 

·  Define X and Y lists  

·  Select Memory Destination 
for 2-D values 

·  Adjust min/max and bin sizes 

·  Set K1 and K2 values 
(optional) 

·  Press Make Cross-Plots  



VoxelCalc User Guide by ��������	
�

Copyright © 2008 by KehlCo, Inc. 

16 

 

 

 

Saturations (Two Phase)  

This provides the means of calculation of saturations from 3 slice arrays - Oil, Water, Total.  This 
tool uses the File Browser to establish lists of each of the slice arrays rather than loading all arrays 
into memory. 

Procedure:  

1. Load a list of slices for a phase by first selecting the images 
from the File Browser and pressing the appropriate "Load 
<phase>" button.   The number of slices in the list will appear 
in the Slices column.  Do this for all phases. 

2. Enter the "a" and "b" scaling constants to be applied for 
each phase.  This is for the purpose of adjusting the CT values 
of Oil or Water phases that are know to be other than 100%. 

3. Press "Calculate" which will compute the PERCENTAGE 
saturation for water saturation. 

The calculation is made on each triad of extrapolated slices 
(Total, Water, Oil) and the volume saturation map is displayed 
in the main display upon completion. 

 Swater = (CTtotal - CToil)/(CTwater-CToil) 

NOTES: Calculations may yield some negative values of  voxels which can be forced to zero using the 
VoxelCalc Calculator "IF..Replace" feature.  Extraction of an ROI is recommended. Just define an 
ROI and set the Browser toggle prior to step 3, "Calculate".– 

 

Histogram Spreadsheet – Tabulations are provided for  

-----------Basic Statistics---------------- 
Image   Mean  Std.Dev. Min    Max     Pixels 
   1  1685.5  62.491  1533.0  1912.0   35726  
   2  1675.7  61.953  1533.0  1912.0   35693 ...  
 
---------Histogram [Mid-Bin]--->      
[  1552.][  1590.][  1628.][  1666.] ... 
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      638     1870     6794    10355 ... 
      683     3357     7682    10577 ... 
      754     4385     8157    10311 ... 
 
  ---Classes -[min-max]-> 
[100.00-1499.0] [800.00-1500.0] [801.00-4000.0] 
        21413          5501         57356 
        21438          5539         57284 
        21457          5491         57312 
Mandatory Inputs: Range Min., Range Max and # Bins 
(Warning-Large numbers of bins may exceed the capacity of a spreadsheet.)  
 

 
 
Class ranges may be optionally entered as blank-separated pairs of min-max values, i.e., and even 
number of values. (Overlapping of bin ranges is permitted.)  Constrain Within ROI includes only those 
pixel values that are within the geometric Region Of Interest (ROI) for computation of statistics.  
Execute applies the controls to the data source.  Each row contains statistics for an image or slice. 
The output may be Saved from the scrollable text display which is presented. 
Sums and volume values are included in the tabulation as well as source information. 
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Histogram Volume Graph - Produce a cumulative histogram graph for the selected files. 
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Image Import (data from foreign sources) 

 

The Import function provides access to some foreign binary image formats by adjustment of 
parameters.  Once the image shown is correct the parameters are saved for subsequent reading of  
images with the same extension. 

Typical Procedure 

Get File (Browse) – select a file to be read.  A display of the four 
data type interpretations of the data is shown.  Note the type 
which best  represents the image and select it on the panel. 

Adjust the header length and swap parameters. 

Press “Apply” to render the new interpretation. 

If the image is now correctly interpreted, press Save Format. 

NOTE: This tool assumes that all images with the same file 
extension have a constant byte offset to the beginning of image data.  Further the data is assumed to 
be two dimensional row-column order, i.e., a slice. 

Bin selection may also be set with the Bins On/Off toggle.  The number of bins field (# Bins) is 
used for this. 

Saving Images for Publication 

To save images to a file (tif, gif, jpeg, Sun raster, etc.), there are several ways.  For saving the 
current Main Panel or ROI Panel, first click on the image to make that graphic window the focus, 
and then type Cntrl-p.  A control panel will pop up.  This works only on the main display 
(VoxelCalc) window and the ROI window.   See also main menubar item Image File/Publish Each 
Image and Browser menubar Browser Driven Tools/Publish Picture Groups.  
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Pixel Value and Position, Instantaneous 

  

The main display has annotations above it to indicate: 

Zoom factor for the image(s) 

Position of the cursor – Slice, X, Y in pixel coordinates 

Value – the numeric value of pixel datum under the cursor 

Scaled Value – the value and units that coordinate with the Calibrate Legend setting on the Range 
widget. 

Other image header information such as table position and comments may show for some data 
types. 

 

Measurement - Interactive Measurement of 3-D Distances 

Measurement of distances is made by 
selecting the Measure toggle from the 
Control item on the menubar.  Press, drag 
and release of the mouse causes the 
measured line to be drawn and the 
distance is displayed on the lower left of 
the main display.   The Measure Settings 
item provides scaling of the 3-d 
coordinates  where X and Y Size is the full 
width/height of the original image,  X and 
Y Pixels is the count of pixels for the 
original (square) image and the Slice 
Spacing is the number of units between 
slices. 
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Colors  

VoxelCalc colors are controlled by a table of  RGB (red, green, blue) triads.  The table contains the 
spectrum of colors used for image display with the top 16 color triads reserved for drawing plots 
and text annotation.  The spectrum and the top 16 are controlled separately.  After changing colors 
in the spectrum, it is necessary to Load Plot Colors which overlays the last 16 colors in the table. 

Color Maps and Color Control 

Colors for VoxelCalc are used for image rendering, plotting and annotation.  For image rendering 
there are up to 256 colors distributed across the range of data values.  For plotting and annotation a 
few colors are reserved separate from the spectrum of image rendering colors.  For example, the 
Range panel uses the image rendering colors to color the histogram, but then the histogram plot and 
annotation text uses the white color from a separate group of colors reserved for plotting and 
annotation. 

Further color rendering spectrums are either Standard or 
Custom.  Standard spectrums are native to PV-Wave 
and Custom spectrums are from VoxelCalc or are user-
defined colors. 

At VoxelCalc startup, the Default color map is loaded 
and is shown on the Range panel. 

To change the default color map, you may wish to load 
another map, standard or custom, edit the map save it to 
a new name.  At the next session, you would load that 
Custom map by name and the select Set Default Map.  
That color scheme will then always appear at startup.  
(A new session is not needed if there is no newly edited 
and named map.) 

The Load Plot Colors loads a standard group of colors 
reserved for plotting and annotation and the Edit Colors provides the means of loading all of both 
color schemes – rendering, plotting and annotation.  Load Image Colors can load and shift color 
maps furnished with the system.  Edit Colors provides the user with the ability to invent new color 
maps.  Legends provides an annotated color stripe in a 
separate window to cut and paste to other  saved images 
or screen captured images. 

Typically, VoxelCalc has a default color map and the 
user may choose to use the Edit Colors tool to load a new 
color table (ColorTables/System/B-W LINEAR for 
instance) and afterward choose Load Plot Colors which 
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overlays the drawing and font colors. 

 

Note that image color spectrums should be chosen to make the lowest and highest color distinct 
from all other image colors so that it is clear which values are outside the range of rendering.  In the 
default colors below the chosen range is black and above is magenta (bright pink).  If these colors 
are not unique, images may be misinterpreted by the user or analyst. 

 

Load Image Colors  

Load standard maps and optionally adjust.  Select color map 
by name, use sliders to stretch top and bottom of the map. 

Load Plot Colors  

Loads 16 colors for annotation and plotting.  (The color map 
for images is unchanged.) 

 

Color Editor  

To customize a color map, follow the Messages 
on the bottom of the panel: 

·  Select a color and move Red, Green 
Blue sliders to modify it. 

·  Select a second color with shift key 
down. 

·  From menubar, Edit/Ramp to 
interpolate between the first and 
second colors. 

To load a color map, use the menubar item Color 
Tables on the Color Editor widget, Color 
Tables/{System/Custom}/<color table name> 
and then on the main menubar, Color/Load Plot 
Colors.  (Note that the colors on the lower part of 
the Color Editor tool after the magenta and 

starting with a white, yellow, orange … are the non-image or the plot and annotation colors.)  The 
color table name kehlco is the default for VoxelCalc. 

To save color map by name, from the menubar, Controls/Save As Custom … 
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Equalize - equalizes the distribution of colors across the values in display memory. 

Load Default Map – load the prior map set by Set Default Map 

Set Default Map - Set the current map as the default. 

Unequalize - reverses the equalize function. 

Load KehlCo Map - Reloads the default KehlCo color table. 

Std Colors – A list of Standard color maps 

Custom Colors -  A list of Custom color maps 

Legends – A list of 4 types of image legends.  Selection produces a legend rendering. 

Color Change Exercise  

·  On the main menu bar select Edit Color .  
·  On the Color Edit Panel, select: Color load/Standard/Red-Temperature and other color schemes 

noting the changes.  
·  Try the Load/Custom/<color name> color scheme.  
·  Change a color with the Red/Green/Blue sliders.  
·  Select another color and do the same.  
·  Use Shift MB1 on yet another color and then select Edit/Ramp. This interpolates colors between 

ranges.  
·  Select Control/Save As and enter a color table name. The current table has been saved and now may 

be recalled with Load/Custom.  
·  Select Control/Exit from the Color Editor Panel.  
·  The last few colors in the palette are used for plotting. To restore these, select Color/Load Plot 

Colors. 
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Region of Interest (ROI) 

 

This component provides the means of extracting regions from slices that can be used for display 
and analysis. 
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Define Region of Interest (ROI) 

   

The ROI Tool provides the means of  extruding 2D polygons, circles or rectangular shapes defined 
in the XY plane through the Z axis producing cylinders, parallelepipeds or polygons.  Once the 
selected shape is drawn with the mouse and “Accept”ed , the user may examine the ROI at each 
slice using the First, Last, Next, Prior buttons.  Accepted ROIs may then be “Clip”ed, “Filled” upon 
“Apply” or “Apply File”.  Statistics are produced by Apply on the parent PV-Wave/VoxelCalc 
terminal and Apply-File gives the same statistics, one line per slice on a user named file.  Such a 
file may be used to import to a spreadsheet. 

NOTE: The statistics produced are constrained both by the ROI geometry and also by the Min 
range and Max range values (in Green above) , i.e., pixels outside the ROI or outside the ranges 
are not included in the statistics. 

HINT: Users often have asked how to extract an area  that has a “hole” in it.  Define the ROI for 
the hole clip, fill the Background with the value zero (0).  Save to memory 1.  Reload the image(s).   
Define the ROI for the outside of the object, clip, fill, etc.  Now, with the Calculator, subtract the 
memory 1. 

ROI Exercise 

·  Select ROI from Main Panel Menubar  
·  Select Circle (the type of ROI shape)  
·  Using MB1 define the circle diameter using the mouse (press MB1, drag and release) 
·  Press Accept and note change  
·  Optionally, press Histogram and note the change  
·  Key in a background value (and press Enter key)  
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·  Select Clip and Fill background 
·  Enter 0 (Enter) as the Background Value 
·  Press Apply ROI (This applies Clip and the Background Fill)  
·  Press Apply and note changes on main panel and on the parent text window. (Apply-File 

produces a file of statistical data on each slice 
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ROI/Beam Hardening (BMH) via Browser 

Region of interest and beam hardening adjustment using a currently defined ROI on the images 
selected in the File Browser.   Adjusted images are saved to the subdirectory “Processed”.  These 
saved images will have the extension of “dat” and are in PV-Wave variable save/restore form.  Not 
all “dat” images have the same dimensions unless the same ROI definition was used to create them. 

Rectangular Crop and/or Adjust 

The tool provides to either Crop or Adjust or Both for image(s) in display memory.  It tool solves a 
special situation using CT.  When scanning a cylindrical object with a coronal and then an axial 
image, the axial (rectangular cross-section) image has beam hardening artifacts (corner effects) that 
cause it to disagree in intensities with the coronal (circular) image.   This adjustment, while 
empirical, makes the image renderings much more reasonable.  This only adjusts CT images in 
which the object scanned is rectangular.  Used this with care; 
however, it can be used to adjust these images to more nearly agree 
with the CT values found in circular cross sections of the same 
object.  This function can operate on the 2d or 3d data array.  The 
minimum Range of display defines the cropping. 

 

Crop Below Range 

This menubar option provides an instant cropping of the object in every slice in display memory 
using the values in the Range Panel as a cropping rule.  Values below the lowest value are removed 
to identify the minimum rectangular area.  Warning:  This does not create a ROI data structure 
internally, so that the Read under ROI mask, and the Save ROI functions are not affected by this 
action. 

Beam Hardening 

Beam Hardening Adjustments are made using the ROI Tool 

To remove beam hardening artifacts - “cupping”, select a circular ROI and then on the menubar 
select either “Phantom” or “No Phantom” and the beam hardening adjustment is made on display 
memory.   

Beam Hardening is a CT phenomena caused by the preferential absorption of the low-energy end of 
the X-Ray spectrum by the object.  This may be observed in CT images of homogenous objects by a 
“cupping” of the center of the object which should be flat.  Most CT scanners are ”tuned” to 
minimize beam hardening by calibration to a phantom(s) in a desired range – rocks for the 
petrophysicist, water for the medical application. This procedure allows flattening of the images 
with or without a reference image, or “phantom” which has the same shape and is homogeneous, 
i.e., “flat” , and having the same density and atomic properties.  A quartz cylinder of 4” diameter 

Adjusted      Original 
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can be used as a phantom to flatten a 4” sandstone core.  Without a homogeneous phantom image, 
the images are fitted to a 5th degree polynomial shape and flattened about the mean value within the 
circular ROI.   In either case, all images available for display are changed.  Therefore, it may be 
desirable to save them to memory before starting. 

 

Beam Hardening Exercise 

If there is an image of a phantom, “Focus” on it (click on it). 

From the main menubar select Define ROI 

·  Select of an ROI (circular) slightly larger than the core/object and “Accept”. 
·  Then select the technique from the Beam Hardening Menubar. 
·  No Phantom – Flattening adjustments are made to each image. 
·  Phantom - Corrections are made based on the phantom image which is the currently  “Focus”ed ROI 

slice.  
 

It is assumed that the scan operator is familiar with the set up of the table, the object holder 
(usually core), and the proper tuneup of the instrument for scanning objects in the immediate range 
of the phantoms supplied.  Other homogeneous phantoms may also be  used to  provide more 
accurate corrections in the event that the objects are not in the  fused quartz CT range.  It post-
processing engineer must be familiar with the Windowing system, the file hierarchy of the post-
processing  computer on which the software is installed, and KehlCo’s VoxelCalc software which 
is the foundation on which the Beam Hardening Correction software is built. 

It is recommended that the user be familiar with X-Ray Computerized Tomography, August 1987 
Society of Petroleum Engineers, Journal of Petroleum Technology article, August, 1987, by 
Vinegar and Wellington. 

 

Save ROI 

 The Save ROI saves a file with the extension ROI.  Restoring the ROI can be achieved by reading 
the saved file (extension ROI) using the File Browser. 
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Statistics  

Statistics are produced by several components. Tabulations of slice statistics are produced by 
the ROI Tool, and by the Histogram Spreadsheet tool.  These tabulation files can be imported 
into spreadsheets.  Histograms of slices and volumes are rendered as plots by the Histogram 
Tool ROI Tool,  Range Panel, Profile 
Tool as well as others. 

Image statistics are available from these 
sources – 

·  ROI Tool  - slice statistics show 
on the ROI panel and tabulations 
of all statistics within a selected 
ROI appear upon Apply (on the 
parent PV-Wave window) and 
tabulations may also be saved. 

·  Cursored Values: The main panel which shows continuous values and locations of 
pixels under the cursor: 

 

·  Range panel shows a histogram of all images in display memory.  Note this is true even 
when only one of several displayable images is show, i.e., Single mode. 

·  Three items on the Statistics item of the main menubar, Histogram Spreadsheet, 
Histogram Tool and Statistics (Profiles+) provides display information for the 
currently focused image.  The Histogram Spreadsheet is also available as a Browser 
Driven Tool 
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·  Statistics Profile Tool (new, v9.80) 

This component provides plots of image values along row, column and user drawn lines.  

Control elements- 

Dismiss - exit or return  

Refresh - redraw image 

Save Image - save image and plot as a jpeg, gif, etc. image file.  The image 
should be frozen first, using button 2, as indicated on the panel. 

Draw a Line - Change from row/column plot to user selected plot. In this 
mode, a press-drag-release draws a line to select values for plotting. 

Row-Column Plot -The default is a plot of both row and column values at the 
x,y mouse cursor point. 

Slice Select - Slider to select any image in the main display memory. 

Note: The axes units and scaling along the image dimensions are determined by 
measure settings found on the main menu bar under Control=>Measure Settings.  The 
other axes are the same dimensional units as the image values (CT #, etc.) and the 
range is inherited from the Display Range (color range) panel along with the current 
image color scheme. 

·  Statistics (Profile+)Tool (obsolete) 

The statistics tool provides for several ways to examine an image slice – tabular values, pointer or 
cursored position and value or three ways to plot a profile of values. 

  

 

 

Statistics Exercise 
1. Select “Statistics” from the main menu bar.  
2. Select Profile and click on the image.  
3. Select “column” and click on the image.  
4. Select “line” and define a line by pressing on the first image 

point and releasing on the last  
5. Deselect Profile  
6. Select “Table” and click on the image  
7. The point value and surrounding 10 X 10 area is shown on the 

table along with the row and column coordinates.  
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8. Deselect “Table” and select “Point”.  
9. The x-y coordinates and value of MB1-selected points are shown below the image.  
10. Deselect “Point”.  
11. Select “Zoom”. Follow the instructions that appear below the image.  

 

·  Histogram Spreadsheet (See Browser Driven Tools) 

·  Histogram Tool  

The Histogram Tool provides the ability to generate five 
modes of display on a single image, a histogram depth 
wiggle trace, Histogram Map, Horizontal Slab, Vertical 
Slab and Slices.  The wiggle trace always appears, other 
modes are optional. Histogram parameters are adjustable 
and the ASCII file is a tabulation of the image statistics 
written into the directory from which the images were 
obtained.  Depth top and intervals may be keyed and 
enforced with the Apply button.  

 

 

 

 

  

 

  

 

 

 

Render 

The most recent 3-D rendering tool is Mind Over Matter 3-D  (MOM3D).  Other components 
include a very rudimentary cross plot, a means of non-destructive core slabbing, a slice renderer and 
an Isosurface tool.  Once you have been successful using MOM3D, you will likely prefer it to 
similar components of VoxelCalc. 
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Mind Over Matter 3-D 

Mind Over Matter 3D (MOM3D) is a KehlCo, Inc product which extends the visualization 
capabilities of VoxelCalc, our flagship product.  It provides the ability to construct high 
performance interactive views of three dimensional volumes of image data direct from the 
VoxelCalc data.   Further, it takes advantage of the current user specifications so as to render 
volumes in engineering dimensional units and physical quantities while using the data selected 
through the usual means of a file browser in your desired order of images.  Those who wish to 
publish the renderings can produce either virtual reality files for web interaction and viewing or 
single window captures that are suitable for Windows office tools such as Word or PowerPoint.  An 
example of this can be viewed (Windows only) at http://www.kehlco.com/ndePerforation.html. 

System Requirements 

MOM3D requires PV-Wave 8 or later and the vtk library option in the installation.  It was 
developed for Windows, Linux (Red Hat 9) and various Unix implementations.  Hardware requires 
a graphics board supporting OpenGL and the best performance is available with larger memories, 
fast disks and larger swap space.   

User Instructions 

First load a volume of data.  CT, MRI, confocal microscope, ultrasound, etc., data are all 
compatible.  MOM3D  can be started by selecting it under the menubar item, either Render. 

MOM3D renders the selected Graphic Objects 
(Axes, Slabs, Glyphs, Surfaces, Grids and two 
types of Legends) on either of two windows 
by pressing the Render button.  The repeated 

sequence of select-an-object, Render adds 
objects to the currently selected window.  The 

user can manage two Mom3D windows. 

Parameters for some objects appear on the 
control panel, such as the Thresholds, 
Opacities and Colors entries which are used to 
render Glyphs and Surfaces objects.  (Note 
that these three parameter fields are comma-
separated lists which must each have the same 
number of entries.)  Other object parameters 
are obtained from other VoxelCalc control 
sources and should be set up correctly before 
Render according to the following: 
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Object                           Parameter Source 

Slab                                                   Range (Min Max Values) Settings 

Axes, Surface, Slabs, Glyphs           Measurement Settings (Engineering units for coord.) 

Legend 1                                      Range (Min Max Values) 

Legend 2                                      Range (Min Max Values) scaled by Calibrate Legend 
settings 

 

Opacities and Surface/Wireframe Representation may be changed from the originally rendering by 
entering new values and pressing the New Properties button.  This applies to the Graphics Object 
selections of Slabs, Surfaces and Glyphs. 

All objects that may be deleted by the Removed  button except the legends which are only removed 
with Window Erase.  Axes that you have rendered produce several objects for removal.  You will be 
given a list of objects to choose from and for Axes, the list will include an object for each tick mark, 
each tick label and the axis drawing itself.  Objects will be listed in the order of creation and there 
may be duplicates.  Surfaces and glyphs will have a color suffix.   

Slab colors are inherited from the VoxelCalc color table as shown on the Range widget. 
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Interactive Graphic Controls 

The mouse buttons and mouse motion control the size and orientation of the graphics objects.  The 
Help button provides instructions for interaction and rendering controls.  Functions available or 
Pan, Zoom, Rotate, Translate, render as Wireframe mesh or render as surfaces, reset view (recovery 
from blank window), control as trackball, control as joy stick 

Interaction Functions 

Translate Middle Button 

Zoom Right Button near top, unzoom near bottom 

Rotate Left Button 

Trackball Control Mode Keypress t 

Joy Stick Control Mode Keypress j 

Reset (Recovery) View Keypress r 

Render as wireframe (mesh) Keypress w 

Render as surfaces Keypress s 

Fly to point under cursor Keypress f 

Pick object Keypress p (not supported) 

 

More Details for Usage 

MOM3D produces a sequence of overlaid objects placed in one of two interactive windows such as 
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these above. 

The steps to set up these kinds of renderings are: 

Set the color range of the volume of data (for Slabs) 

 
and, 

 

Calibrate Legend  (Range Panel) for Legend 2 
Measure Settings (menubar, under Control) for aspect ratio control: 

 

 

 

These settings along with the Range settings 
provide parameters for the rendering that 
follows. 

Two kinds of images can be published Virtual Reality (an interactive 3-D 
image) and PPM images which must have the file extensions of wrl and ppm 
respectively.  

Hints & Tips 

Isosurfaces/glyphs can take a very long time to render when the threshold is not on the low or high 
side of the volume histogram.  For a single processor system, 150,000 vertices/polygons as shown 
on the VoxelCalc command window may take a few minutes.  Multiple isosurfaces/glyphs can 
overload memory.  Also, use the mouse on the VoxelCalc main display to read pixel values that are 
in objects that you may wish to threshold.  Judicious use of the ROI tool and/or the Resize 3-D 
VoxelCalc functions can often gain visual insight into interesting objects while increasing 
performance.  For instance, there is no benefit in retaining a 2k x 2k slice of data and having it 
rendered on a 256 x 256 pixel area of the screen. 

Legends are appropriate for slab objects only. 

NOTE: Unix and Linux have been more robust than Windows which has manifested occasional 
unrecoverable socket problems.  This is being investigated and will likely be remedied with the next 
release of PV-Wave. Currently, a work-around is implemented to reduce the chances of this 
occurrence.
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Surface Tool 

Show a 3D rendering of the current focus slice.  The image values appear as altitudes about the x 
and y pixel positions. 

Select a Focus image from main 
panel. 

Adjust color range 

Load a simple color scheme using 
Load Colors, say Red Temperature 
or B-W Linear 

Select Render/Display/Surface 

 

 

 

 

Cross Plot  

(See Cross Plot Tool for cross-plotting volume pairs such as Density-Atomic Number) 

Cross Plot plots the main panel display data (x) versus Memory 1 (y) of the Calculator 

Cross-plot Exercise (two images or volumes whose element counts are equal) 
·  On the main menu bar select Control/Reset All  
·  Fetch an image.  
·  Save in Memory #1  
·  Fetch an image (Select/Read)  
·  Select Render/Cross Plot from Main Panel Menubar  

A plot will appear with X coordinate colors in agreement with the current Range Widget. 

Ortho Slab & Ortho Slab II 

Ortho Slab provides longitudinal slabbing of core slices to produce images resembling core 
photographs.  The slabs are along two axes at 90 degrees from one another.  In addition, a “density 
log”  is plotted, with the density mean of each slice shown.  The mean is calculated from values in 
each slice within the range specified.  Ortho Slab II uses the Measure Settings so that aspect ratios 
are honored. 
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Ortho-Slice Panel 

Ortho Slab Exercise 

 

·  Select Ortho Slab  
·  Select Vertical, Execute. 

Note the display 
produced. Resize the 
window  

·  Execute or click on the 
slicing planes (X-Y Plane 
Select) 

 
 
 
 

 
 

This is a Render menubar sub-item which slices the midpoints of each 
browser selected image as shown by the dashed lines in the slice display.  
The two axial slices are true to the aspect ratios implied by the 
Measurement Settings and appear as a two slab array in the display.  
This is much faster than the Ortho Slice function because memory only 
contains one cross section slice at a time. 

Scout Master (Radiograph)Tools  

Scout Master renders radiographs (“Scouts” or “Pilots”) and radiograph groups, arranging the data 
as a core log with images.  There are two tools to represent the image and log two ways.  The 
purpose is to render groups of radiographic images with associated annotation and (core) logs.  The 
logs can show trends in density; however, they actually are a measure of X-ray absorption and are 
proportional to bulk density. 

View tool provides paginated images and core logs 
for publication and the  

 

 
 
 
 
 
 
 



VoxelCalc User Guide by ��������	
�

Copyright © 2008 by KehlCo, Inc. 

38 

 
Log tool provides the analyst with a scrollable well log style 
display.   
 
 
 
 
 
 
 
 

 
 
Data preparation 
 
It is necessary to perform preliminary data preparation before producing images and their associated 
core logs.  Images must be read into display memory, cropped, and if joining of pairs of half –box 
core images is needed alignment and joining are necessary.  Annotations and page controls may 
then be added to produce the output report page(s): 
 

Remove the image background, and then 
 

·  Set the Order to "Tile Horizontal", 
·  Choose the Display Range, 
·  Select ROI/Crop Below Range and 
·  If each image depicts two cores, split them using "Plug-ins/Scout Split". 
·  If it is desired to represent the images with even pairs joined with odd pairs, 

 
Regroup the display of by setting these values on the main display control 

Layout: Rows 
#Rows/Cols: 2 
Order: Tile Vertically 
Reset Control/Grid (off) 
Press Refresh Display 

 
If the images are correctly joined on the display, then join them in memory: 

press MB1 on the Main Display 
type "j" or "J" on the cursored Main Display 
Otherwise, 

  
·  To further match up the images, use the Image Control and Manipulation to “flip", "mirror" 

or "shift" them:   
Press MB1 to "Focus" on the image on 

 which the operation(s) will take place. 
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A list of operations and key-strokes can be obtained by first typing "ctrl-h", 
a Help tutorial. 
 

Scout Master View Tool 
 
Running the View Tool: 
 

Select Main Menu Bar Render/Scout Master View 
 

 
 
Control Functions 
 

·  Max Columns - the number of columns per page requested (this controls image 
report sizes with fewer columns producing larger images) 

·  Depth Pitch - the length of 1 pixel in mm (depth)., used for the scaling of the log 
obtained from DICOM header information, user override permitted 

·  Depths – This allows the user to read depth annotations which are in comma-
separated column organized data exported from a spreadsheet.  The program looks 
for the headings of “Patient Name”, “Patient ID”, and “Depths” (non-case sensitive).  
Image file header information is then matched to the csv-file patient information and 
to produce a list for user selection.  User input of comma-separated depth annotation 
strings may be keyed into this field. 

·  Title - The report header, initial value obtained from image patient information. 
·  Comments - The report footer from the comments field of image file information 
·  Filtering - Display Image filtering to flatten the features of the radiograph to remove 

the false 3d appearance and render the heterogenaities with more contrast.  
·  Choose Color Palette (Main menubar Color=>…) 
·  Draw - Prepare a paginated report of several pages 
·  Save As – Saves the pages of report from the last Draw. 
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NOTES:   
 
The log is an intensity log normalized basis all radiographs.  The units are related to X-ray 
attenuation.  (This is not proportional to density; however, it most often follows depth log trends.)   
 
Scout Master Log Tool 
 
Running the Log Tool 
 

Select Main Menu Bar Render/Scout Master View: 
 

  
 
  
Control Functions 
 

·  Dismiss - Exit the tool 
·  Draw - Draws using current parameters. 
·  Save As - Saves raster image of display to GIF, JPEG, TIF, etc. 
·  Help - This information. 
·  Top Depth (M) - The value of the top y-axis plot.  
·  Pixels/Inch - Ratio of pixels to image length. 
·  Filter/Unfiltered - Special filtration applied including flattening of 
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the cylindrical artifact, unsharp, and equalization. 

 

Isosurface  

Isosurface is a way of getting a 3-D rendering using the current data in memory.  If you wish to 
make an interactive rendering with a powerful tool, either MindOverMatter3D (Appendix A) or 
PetroPresents 3-D is preferred. 

Isosurface Exercise 

·  Using Load Colors from the main menubar, 
and then select B-W LINEAR or RED 
TEMPERATURE  

·  Select from the main menubar Load Plot 
Colors 

·  Select color range using Range widget 
·  You may wish to resize the data array for a 

reasonable aspect ratio.  Enter new values 
for X, Y and Z, press Resize.  The bounding 
box will change accordingly. 

·  From the main menubar, select 
Render/Isosurface. Press Apply  

·  Change threshold slider and Apply. Repeat.  
 

 

Special Menu Items 

The special menu contains utility and Geoscience tools. 

Resize (Resample) 

Resample/interpolate the data in the main display. 

·  Select Special/Resize.  

·  On the resize panel enter 
new dimensions. 

·  Press the Resize button, 
then Dismiss.  

 

 

Volume Movie 



VoxelCalc User Guide by ��������	
�

Copyright © 2008 by KehlCo, Inc. 

42 

Using the arrow keys provides a fly-through the slices shown in then display memory.  The Range 
is inherited from the main display. 
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Porosity Volume-Porosity Distribution Tool 

This tool was specified by Shameem Saddiqui and James L. Funk, Aramco Oil Company. 

It provides the means of estimating the distribution of pore volume and/or porosity for rock samples 
or other materials.   

The user first selects a region of interest by pressing the ROI button, "drawing" and area 
"Accept"ing the area.  CAUTION: An ROI must be specified.  If one has already been selected, it is 
possible to use it.  On the ROI Tool, press "Accept" to show it.   The formula chosen for the 
computation of porosity is chosen  The Default PHI formula utilizes the four factors r, f, m and b 
from the widget fields labeled "Rock Factor", "Fluid Factor", "CT-Density Multiplier(Slope,m)" 
and "CT-Density Bias (Intercept,b)”.   

r - bulk density of rock 

f - fluid density 

m, b - conversion factors to compute grain density (CT*m+b) from CT Number. 

The default values are calculated from the Range "Calibrate Legend" values. 

The density multiplier is the slope (m) of the fit for a bunch of known standards' CT number versus 
their bulk densities and the density bias is the offset of the same CT number vs bulk density plot.  
Basically we use CT number = m CTi + b (please refer to Wellington and Vinegar's Journal of 
Petroleum Technology, X-Ray Computerized Tomography) but we have obtained the best results 
by using representative samples as calibration standards rather than solid standards such as quartz, 
aluminum, etc.  Most of the times only two points (air and that limestone sample of known bulk 
density) are sufficient to get good m and b values if the sample is representative enough.  

 

The distribution of PHI new values is presented in a histogram.  A least squares fit is made of the 
histogram using the Gaussian curve plus a second degree polynomial and the standard deviation of 
this curve is calculated.  Then the area under the PHI histogram curve above and below one, two 
and three standard deviations.  The proportion of these areas to the total area are recorded in a file 
with a "pv" extension which is placed in the directory from which the images were obtained. 

The "User PHI" button selects the formula which may be entered into the adjacent field.  The only 
symbols allowed are the ones showing in the Default PHI field.  Any constants or math operators 
may be used.   

The window showing a plot of pore volume, porosity, a gaussian fit of the pore volume distribution, 
etc may be adjusted for size, except during execution of the computations. 
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The Output file is also produced with one row of information per image 

First image is from file:C:\data\CUT\DRY\IM0046~1.250 

Number of images is:7 

Factor for porosity:        2.65000 ROI pixels:5664. 
Factor for fluid: 1.10000 
density(approx.) = CT *     0.001 +     1.000 
Areas under distribution at sigma values for gaussian fit. 
Image -1 Sigma -2 Sigma -3 Sigma +1 Sigma +2 Sigma +3 Sigma 
    1       0.4197   0.5113   0.5222   0.3264   0.4128   0.4476 

    2       0.2761   0.4216   0.4575   0.3799   0.5403   0.5420 

    3       0.2735   0.4032   0.4463   0.3771   0.5517   0.5517 … 

Fields/Buttons 

ROI - Obtain Region of Interest (after an area has been drawn, press 'Accept' and then 
'Dismiss'. 

Compute Distributions - Calculates porosity distributions for current focus image. 

Dismiss/Close File - Exits the Pore Volume/Porosity Distribution procedure. 

Save Plot - Saves image produced by the computations. 

Reset - Sets all parameters back to the default. 

Rock Factor - Rock grain density (gm/cc) 

Fluid Factor - factor for fluid contribution - fluid density (gm/cc) 

CT-Density Multiplier (Slope) - Conversion multiplier CT - to - bulk density 

CT-Density Bias (Intercept) - Conversion offset CT - to - bulk density 

No. of Histogram Bins - User control of bins 
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Histogram Bin Size, Histogram Min, Histogram Max - Computed Values 

Image N of..., N=  - The relative image number to compute next (1,2,3...). 

Output Directory  - The directory from which the images were fetched. 

Output File - The file name for output (derived from the first image fetched). 

In the case of possible overwriting an existing file, the system "invents" a name based on the 
computer clock. 
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Atomic Number/True Density (Dual Energy CT) 

Dual energy scans can provide 3-D maps of true density and effective atomic number.   High and 
low energy images are made of known materials (standards).  These standard materials are used to 
compute coefficients which then allow computation of the maps.  This takes two steps: 

Calibration Step 

 

 

Using either the Statistics 
(Profile+) or ROI tool, get the 
average CT values, high and low 
energies, of the reference 
materials (3 or more) and enter 
the values in the calibration table 
in the row  corresponding to the 
material type.  Select the toggles 
for the trial computation, and 
press the Calculate button.  Save 
the values that are presented when 
you are satisfied with the  
computation. These 6 values, A, 
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B, C, D, E, F will be used in the "Density Atom# Calc." step.  Sample output is below. 

 

The coefficients A,B,C and D,E,F are used in the equations for computing the density and effective 
atomic number respectively.  (See the Journal of Petroleum Technology Article, "X-Ray 
Computerized Tomography", August 1987, 885-98 by S. L. Wellington and H. J. Vinegar.) 

 

Calculation Step 

Note: The Browser Driven Tool, Density & Atomic #, provides a more efficient means of 
performing this step, especially when there are large data sets.   

The computation of density and atomic number require six coefficients.  The coefficients are 
defaulted from the calibration step if that step has been performed during the current VoxelCalc 
session. Otherwise they may be keyed in or read via the file browser by selecting the COEF.xxxx 

file which was output from the calibration step.   

Then the user should Load the high and low energy images into memory 1 and 2 (Calculator) 
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respectively.  The Smoothing option smoothes the low energy image to be selected in the case of 
noise.  Press Next Pair for each high/low energy pair until a popup notice appears that the last 
image pair is processed.  Each time, a display of the output image(s) is presented using the 
Min/Max display values showing on the Image Display Control Panel.  The density and atomic 
number images are output into memories 8 and 9 respectively.  The can be saved to disk, by using 
the Calculator Restore and then the main panel Image File/Write or Export... options. 

NOTE: Cross plotting of the density and atomic number volumes can be performed from the 
Browser Driven Tools. 

GeoRadiograph  

X-ray radiograph,  “scout” or “pilot” images 

 

GeoRadioGraph Panel 

Purpose: To extract objects from a series of radiographic images and make a log image and log plot 
of relative intensities. 

Procedure:   

·  Read several radiograph (“scout” or “pilot”) images. 

·  Set Range to get maximum image object resolution. 

·  (optional)Select objects using ROI tool (clip and fill with a background value (a low one). 

·  Select Special/GeoRadiograph from main Menu bar.  

Objects will be extracted by using a “blob growth” algorithm which will use the Range limits and 
start growing from the image center for all neighboring pixels within the Range.  The process shows 
each image and then highlights the “blob” area in magenta.  

These blobs are then stacked vertically to produce a single image in a  scrollable display with these 
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controls: 

Redraw: Redraws using current parameters. 

Save As: Saves raster image of display to GIF, JPEG, TIF, etc. 

Memorize: Saves stacked images to a memory cell. (Recallable to display memory using 
Calculator Restore button.) 

Top Depth (ft): The value of the top y-axis plot. 

Pixels/Inch: Axial ratio of pixels to image length. 

Filter/Unfiltered : Special filtration applied including flattening of  cylindrical artifact, 
unsharp, and equalization. 

NOTE: Range changes do not reinvoke the “blob” algorithm.  This must be done by 
restarting GeoRadiograph with a new range chosen from the Range widget. 

Min Range: Display low value for image scaling.  

Max Range: Display high value for image scaling 

 

Align/Translate 

 

 

Align slices which are skewed with the CT table axis 
translate the displayed image(s) x and y pixels.  The first 
and last images are shown on the lower left and lower right 
with a composite rendering of the two images on top, 
“Combined Images”. 

To align, depress a mouse button and drag the "First 
Image" so that the artifacts of the"Last Image" aligns in the 
"Combined Images" rendering and then press "Align".  
Alternatively, the values X Shift and Y Shift may be keyed. 

The images in the display memory are then shifted on a 
proportional basis. 

To translate the X and Y values (with Return key) and 
press "Translate". 
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Plug-Ins 

These functions are either unsupported functions introduced between KehlCo releases or 
connections to other related applications.  The entries may be made in the file: 

<installation directory>/misc/special.menus 

Each line contains a menubar name, an program execution name and a third entry indicating 
whether the program has a parent widget.  These items are separated by commas. 

Calculator 

The calculator panel appears upon pressing the 
KehlCo Icon in the upper left of the Main 
Panel. 

Calculator Button (Toggles Show/Hide) 

Calculator Basics 

Calculations are performed on display memory,  
and either files, the Keyin field (for scalars), or 
the recallable memory cells.  Use these as 
objects just as one would use numbers in a 
hand held engineering calculator, except that 
the operands may be scalars, vectors, 2-D or 3-
D arrays.  Dimension of operands must, of 
course be consistent. 

The contents of the display memory are 
assumed to be the first operand, for instance, 
multiplying the display by two can be done 
simply by pressing X and entering 2 in the 
Keyin field.(Remembering to press the Return 
Key).  The display and its memory and the 
Range histogram will be automatically 

refreshed.   To divide an array of images in display memory by another image, press the divide key 
(/) and obtain the divisor from one of two sources -  Restore Memory, or the Browser Read.  This 
produces a pixel-by-pixel dividend in the display memory. 
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Be careful that you know the data type.  Integer 
objects can be truncated by some operations, 
leaving meaningless results.  For instance, 
integer images will have no fractional part 
unless converted to floating point before 
division, i.e., 1 divided by 2 will yield zero(0).  
This is the reason for the Change Data Type 
pull-down menu.   The data type can be 
observed in the vc text (parent) window by 
typing info,result at the console prompt.  
Operations are performed on entire slices, 
volumes etc. as long as the dimensions are 
compatible.  

Display Memory - The information displayed 
is contained in a special Memory Cell.  It is 
always the first operand. 

Memory Registers - Displayed information may be Saved from display memory to one of the other 
10 memory cells.  Restoring a Memory Cell places the data back in the display memory and 
refreshes the display and histogram on the Range widget.  

Memory Contents – Display the dimensions of each array in the memory  is shown. 

Filters - The filters (3 x 3 only) are applied to all of the display memory - smooth, median, etc.  A 
beep sounds as each slice is filtered. Selection of any of the Filters will cause all images in display 
memory to be filtered.   

Change Data Type - Data in the display memory is converted to different internal types - fix, byte, 
float, etc.  

If, Then Replace – Display memory can be edited based on conditions of value. This is useful 
when you wish to remove image objects, artifacts, or background values that can be identified by a 
condition.  For instance, if  everything in an image below 50 represents nothing of interest, to set 
them to –1000, IF  < 50 Replace With –1000 edits all pixels in the display memory accordingly and 
the display is refreshed.  (Action is taken upon the Return or Enter key). 

Filtering Exercise 

·  Save the current slice array in Memory #1, then Rename “Original”.  
·  On the calculator panel (lower left), select Filter/Median. The beeps are one per 

filtered image. Save to Memory #2.  
·  Try other filters by Restoring “Original” and then filtering.  
·  Restore Memory #2.  
·  Press the Logo to hide the calculator.  

����
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Difference Image Exercise 

·  Press the VoxelCalc Logo to activate the calculator.  
·  Press the Reset Range button  
·  To subtract the last image fetched from the first image fetched:  
·  The display shows last image fetched into the “result”, or “display” Memory, so 

pressing the calculator minus(-) button and then the Restore Memory 1 (“first”). This 
subtracts “first” from “second”.  

·  Restoring “second”, pressing the calculator minus (-), and Restoring “first” would 
also do the same thing as would a “fetch” minus “fetch” sequence.  

·  As a last step the display needs to be scaled properly by pressing the Reset Range 
button.  

If a scale factor of 100 and a bias of 10,000 is desired:  
·  Press “x” on the calculator  
·  Key 100 (don’t forget the Enter key)  
·  Press “+” on the calculator  
·  Key 10,000. ( don’t forget the Enter Key)  

 

Note: Care must be taken to assure that no undesirable loss of numerical precision happens 
through truncation or overflow integer arithmetic. It is a good idea to convert primary 
Memory Cells to floating point until the final result is obtained. This can be done either by 
keying in floating point constants or by using the Change Data/Float option. Floating point 
operands yield floating point answers.  

 

Image File (File IO) 

Image File provides options for importing and exporting data.  Exporting volumes of data for the 
KehlCo 3-D system, Petro3-D, can be done using either the fld or hdf format selections. 

Exporting Data 

There a several ways to write the display memory contents to a file, “hdf” format, Data 
Explorer/AVS “fld” format , ASCII table, ASCII xyz raw. On the Main Panel menubar, select Write 
“fld” or Write “hdf”. A file browser widget will appear with a default directory and file name.  
After entering the Selection file name, the text (parent) window will indicate the file(s) that are 
written.  In the case of the “fld” file, the file with the fld extension contains the data a may be read 
back into VoxelCalc.  The other file has a general extension and it is used by PetroPresents to 
access the fld file.  The default path is to the directory from which the last image was read.  The 
browser is used to select files which can be read by VoxelCalc. 

hdf format (Read and Write) 

All images are written in a binary format of self describing data.  This is a commonly used 
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format by many other programs.  This format contains information which makes it 
portable between hardware architectures that have different internal number 
representation, e.g., Intel vs. Sun. 

fld format (Read and Write) 

All images are written in a binary format that is self describing and also has the descriptive 
data written to an ASCII file with the extension “general”.  The general file can be edited 
to change such things as aspect ratio and origin.  While VoxelCalc reads and writes by 
using the file extension fld, PetroPresents3D reads the data by using the file extension 
general. 

ASCII table format (Write) 

Writes row major data to an ASCII file with an image number row between images.   

NOTE:  It is not usually wise to dump full images to this kind of file since one full slice of CT data 
will usually exceed the capacity of spreadsheets such as Excel.  First decimate the image or volume 
using the menubar item Special/Resize 3-D. 

The file written produces images rows, the first column is always the image number(count) and the 
second column is the row number.  Succeeding columns are the image values for that image and 
row. 

ASCII xyz raw (Write) 

This format writes all images in a four column file.  The x, y, and z columns contain the index to 
the row, column and image positions and the fourth column contains the value in that position.  
Output can be constrained so that the only points output are ones which lie within the color range 
currently chosen.   Even with the constraints, the caution note above should be considered and 
resizing may be wise. 

Slice Sequenced (Write) 

This binary format writes the display memory of 2D slices to files with sequential extensions 
0,1,2,3…n.  They can be read into a volume for such 3D tools as ParaView and VTK.  Writing the 
files also produces a description file which lists attributes of the slice files: 

Publish Each Image (Slice) 

This writes each displayed image in a publication file format – jpeg, tiff, gif, etc.  These formats can 
be imported to the Microsoft products and many others. 

Note: These are picture formats which display contrasts, but the CT and MRI values are lost. 
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Image Control and Manipulation (Main Display and Me mory) 

  
Keys are struck AFTER using MB1 (index finger) while cursor is on Main Display 
Actions occur upon keying. 
 
Key   Action  
-------- ----------------------------------------------------------- 
Cntl-H This. 
Ctl-P  Screen Capture of main display, optional Range legend 
 MB1  Select image Focus (slider is used also) 
 
  u  Move Focus image up one pixel  
  U  Move Focus image up ten pixels  
  d  Move Focus image down one pixel  
  D  Move Focus image down ten pixels  
 
  l  Move Focus image left one pixel  
  L  Move Focus image left ten pixels  
  r  Move Focus image right one pixel  
  R  Move Focus image right ten pixels  
   
  f  Flip Focus image (invert) 
  F  Flip all images  
  
  m  Mirror Focus image (reverse left with right) 
  M  Mirror all images (reverse left with right) 
   
  j  Join/Merge pairs even/odd; even on top/odd on bottom 
  J   Join/Merge pairs even/odd; even on top/odd on bottom 
 
Ctl-r  Split radiographs at central minimum 
Ctl-R  Split radiographs at central minimum 
  
  S/s  MOM3D Select a slice    
  H/h  MOM3D Select a Horizontal slab/slice    
  V/v  MOM3D Select a Vertical slab/slice 
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Appendix A. Animation 
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Appendix B  

Menubar Maps & Browser Driven Features�

 

VoxelCalc runs on Windows, Unix and Linux operating systems.  It includes many features 
designed to provide the scientist or engineer with numerical, computational and (interactive) visual 
answers in a form for publication of reports and sharing of results.  It has a calculator feature 
which enables the user to direct sequences of mathematical operations on 3D data to extract and 
derive physical and spatial property maps.  

Cyan highlighting indicates oft-used features, yellow highlighting indicates special computations 
for geoscience/NDT applications. 

 

MAIN PANEL MENUBAR 
ICON Button VoxelCalc 

Calculator – Performs math operations on slice arrays, filtering and data type conversions. 
MENU Control 

Exit  – Quit VoxelCalc, discard all data 
Reset All -Resets the main interface to default conditions. 
Clear -  Clears all memory contents and the main display memory 
Retain Range - Holds the display range for fetching new images. (a toggle) 
Pixelate -  Shows pixels at the scanned resolution rather than interpolating the images for display (a toggle) 
Grid  -  Turns on/off main display grid. (a toggle) 
Enumerate -  Turns on/off enumeration of displayed slices (a toggle) 
Retain Write Directory  - File outputs are defaulted to the last chosen path (a toggle) 
View Log – Show/Hide a display of  the VoxelCalc log of selected user actions (a toggle) 
Measure Settings - Parameters for converting pixel/voxel sizes to engineering unit measurement of 3d 
distances 
Measure – Enable/Disable measurement of 3d distances with mouse (toggle) 

MENU Image File 
Write "hdf"  – Save displayed data in a standard binary format, readable by PetroPresents and VoxelCalc 
(Browser) 
Write "fld"  - Save displayed data in a binary format compatible with PetroPresents and AVS. 
Write "dat”  Binary Slices 0…n - Save displayed data in a binary format for future VoxelCalc reading.  Slices 
are numbered. 
Write "dat”  Binary Volume - Save displayed data in a binary format for future VoxelCalc reading.   
Write Binary Image(s)-Stripped – Save displayed data in binary form (stripped or “raw”) for use in other 
applications.  Images are named with dimensions. Readable by Import tool. 
Write Binary Slices 0…n - Exports displayed data in a binary format for export (to ParaView, for example).  
Slice files are numbered. 
Export ASCII Table  – Saves displayed data in row-major text format.  Useful for import to spreadsheets. 
Export ASCII xyz (raw)  – Saves displayed data in four columns text: X, Y, Z and Value 
Import Image(s) Tool – Reads foreign binary data with user guidance. 
Publish Each Image – Saves each display image in a publication file format – jpeg, tiff, gif, etc. 
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MENU Render 
MindOverMatter3D  - provides interactive visualization of 3-D data in VoxelCalc display memory.  This is a 
high performance rendering tool which utilizes transparency, and visualization of slabs, isosurfaces, glyphs, 
and much more. 
Cross Plot – Plots display data against Memory #1 data. 
Ortho Slab – Displays axial slabs of display data. 
Surface -  Makes mesh and shaded surfaces from currently focused slice values. 
Isosurface – Renders an Isosurface of displayed data under user control. 

MENU Statistics 
Histogram Spreadsheet– Calculates slice and volume histograms and classifies data 
Histogram Tool – Graphs histograms of displayed images several ways. 
Statistics (Profiles+) – Provides several modes of displaying current slice statistics, profiles, table, etc. 

MENU Color 
Load Image Colors – Provides selection of several color maps and skewing of them. 
Load Plot Colors –Loads 16 colors for annotation and plotting and overlays them atop color table. 
Edit Colors – Provides color manipulation one at a time and building of custom color tables. 
Equalize – Equalizes the distribution of colors across the values in display memory. 
Unequalize – Restores map after equalize 
Load Default Map – Loads map that user has set as default. 
Set Default Map – Sets the default map used at startup 
Load KehlCo Map – Reloads the default KehlCo color table. 
Std Colors => List of maps from PV-Wave 
Custom Colors => List of maps from KehlCo or user. 
Color=>Legends 

CT Number Horizontal – Color legend for displayed memory values 
Dual Horizontal - Color legend for displayed memory values and Calibrated quantities 
CT Number Vertical - Color legend for displayed memory values 
Dual Vertical - Color legend for displayed memory values and Calibrated quantities 

MENU Special 
Resize 3-D – Resamples displayed memory with nearest neighbor interpolation. 
Volume Movie - Provides a "fly through" of slices in display 
Porosity Distribution  - Calculates and displays porosity distributions 
GeoRadiograph - Extracts objects using Range limits, stacks them vertically and adds a plot of relative 
density as a depth log. 
Density-Atom # Calibrate- Provides calculation of true density and effective atomic number images from 
dual energy scans - usually at 120kev and 80 or 90 kev.  This is done in two steps - Calibrate and Calculate. 
Density-Atom # Calculate – See above. 
Align – Translates displayed images under user control to align first and last slices of array. 

MENU Plug-Ins 
 Menu items that are customized features for the licensee company… 
MENU ROI (Region Of Interest) 

Define ROI - To extract the area (polygon, circle, rectangle) within slices that include meaningful objects and 
exclude the remainder or background values.  Also can produce statistical tabulation file.  A Save ROI function 
allows the ROI information to be retrieved later using the File Browser.  Once defined, the ROI can be used as 
a mask to read slices and volumes. 
Rectangular Crop & Adjust  -  Adjusts CT images in which the object scanned is rectangular.  This is an 
arbitrary adjustment and should be used with care; however, it can be used to adjust these images to more 
nearly agree with the CT values found in circular cross sections of the same object. 
Crop Below Range – Crops displayed data based on Range settings by finding the minimum size slices that 
can contain all pixels within the Range min/max. 
Beam Hardening Adjustment – Adjusts CT images to remove beam hardening artifacts. 

MENU Help => Introductory help for new users 
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BROWSER DRIVEN TOOLS MENUBAR 

The browser provides the means of building 3D volumes from most CT and MRI data formats 
including DICOM in any slice order from multiple directories.  KehlCo provides licensees with 
plug-in readers for special data formats.  The following tools operate on lists chosen in the 
browser, as a means of optimizing memory and gaining significant processing speed. 
Info  - Provides a display of image header information for selected files with extensions "250" and "idf".  
Fly Through Slices – Displays slices at a rate of no more than one per 1.5 seconds. 
Publish Picture Groups – Produce image groupings from selected slice files as a sequence of image files. 
Slabs - Slabs images selected in file browser using Measure Settings and Range.   Produces X and Y slabs in display 

memory with proper aspect ratio. 
ROI/Beam Hardening - Performs beam hardening adjustment using currently defined ROI and a list of images 

selected in the File Browser. Adjusted images are saved to the subdirectory “Processed”  These saved images 
will have the extension of  “dat” and are in PV-Wave variable save/restore form  

A op B Calculator – Slice pairs are scaled and then combined using basic binary arithmetic operations - +, -, X, /.   
Density & Atomic # (Dual Energy CT) - Density and/or Atomic number calculation to be used after the main 

menubar function Special=>Density Atomic # Calib(rate) function has be performed.  It writes slices of 
density and optionally atomic number maps to subdirectories of the source image data. 

Cross Plot Tool – Produces a cross plot color map of two properties whose volumes are comprised of and equal 
number of slices.  

Saturations, (Two Phase) -  Provides the means of calculation of saturations from 3 slice arrays - Oil, Water, Total.  
This tool uses the File Browser to establish lists of each of the slice arrays.  

Histogram Spreadsheet – Tabulations are provided for Basic Statistics, Histogram and Classes.  
Histogram Volume Graph - Produce a cumulative histogram graph for the selected files  
Import  - Binary files which the system has not been programmed for may be read.  Selection of such a file causes a  

panel to appear and the user may then define some rules for reading all files which have the same extension. 
(See Import) 

 
 

MAIN DISPLAY INTERACTIVE CONTROL FUNCTIONS 

Image Control and Manipulation – Flip, mirror, shift and concatenate, join or “stitch” images. 

Printing (CNTRL-P) – Copy/print the current display and legend to an image file.   


