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Introduction


This manual details the processing steps for making amplitude slice-maps from GPR reflection profiles collected in standard Cartesian-coordinate grids. There are two GPR_Process program now available to produce amplitude slice-maps from GPR reflections profiles collected in standard rectilinear grids.  Both were written with archaeologists in mind, but they can be used for any subsurface applications.  I have renamed the old program slice_using_manual_marks.exe.  That program was completed in 2004 and is the one to use if you are still putting manual marks (every meter or whatever distance) in your profiles and you need to then adjust all reflections traces in space using those manual marks.  There is a companion instruction manual for that program called slice_using_manual_marks.doc.  If you are using manual marks, stop reading this now and go back to that manual.  If you are using a survey wheel to place your traces into space then continue on, as this is the manual for you.

The program a series of windows menus, overlaying a more sophisticated C++ program that was written to run in DOS.  That C++ program was written by Jeff Lucius with the U.S. Geological Survey in Denver, and is available for anyone, in its present DOS version, at http://pubs.usgs.gov/of/2002/ofr-02-0166.  I warn you that it is not easy to use.  There are a number of command lines that have to be modified each time the program is run, and all subsidiary files, necessary to make it work, must be written by hand.  But let me also say in advance, that I have used all of the amplitude analyses programs for GPR data that are out there (all 6 of them that I know about), and Jeff’s produces the best maps and is the most sophisticated of them all.  Its only flaw is that it is not easy to learn, or very intuitive, for those archaeologists not proficient in running DOS programs.  For this reason, this windows based program was originally created by Martha West, Pyoosh Rai and Prashant Kumar, with input from Jeff Lucius and myself.  Dylan Imre and Ghandi Jagasia have taken what turned out to be a “too many cooks in the kitchen” program, simplified it, and then produces this GPR_Process in 2010.  We hope that this program will allow the more casual users of GPR data to produce images within the ground, with a minimum of grief.  Here is the welcome window of this program:
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This program is written for users of GSSI (Geophysical Survey Systems, Inc.) data.  These data sets are usually from the SIR-2, SIR-10, SIR-2000 and SIR-3000 model radar systems. But if you presently have GSSI data from other systems, don’t be upset.  There are ways to modify these data right now, which will allow it to be imported into the program, with a minimum amount of trouble.  You can also convert GPR data from Sensors and Software and RAMAC systems to GSSI format (which is .dzt format data), with a program that Jeff Lucius wrote.  This program is called GPR_convert.  Unfortunately it is still a DOS program, but not difficult to use.  I have instructions on how to do the convert and the command and executable files at http://mysite.du.edu/~lconyers/misc_software.htm:  
Also, when we originally wrote the slicing software in 1999, the only GSSI data format was for SIR-2 and SIR-10 systems.  The SIR-2000 system, developed later, used this same data storage format. As with all manufacturers, they change their file format for “improvements”.  So those who are using the SIR-3000 system, which is the most commonly used system today, will have to use a small convert program that produces a series of data that are almost exactly the same as earlier versions and are compatible with our software.  The only change is that there is something different in the second sample of each trace.  Sorry for having to put you through this small conversion process, but we don’t want to re-write everything every time GSSI changes their format, so you will just have to put up with it.  The conversion program is built into this slicing program in a separate step, which you will do as a matter of course.  When you are done there will be duplicate files in SIR-3000 format, and the older SIR-2000 or earlier format.  How to do this conversion is discussed below.

 Please also be aware that the final produce of this program will only produce data that must be imported into a mapping and imaging program, in order to achieve the final results.  The files from this program are nothing more than x,y,z data for slices in the ground, in ASCII format (as .txt files).  These can easily be imported into Surfer (http://www.goldensoftware.com/products/surfer/surfer.shtml), or other mapping programs, for sophisticated gridding and image production.   We have also imported them into a number of GIS programs such as Idrisi and ArcView and made maps in that way also.  They can also be imported into 3-D visualization programs such as Slicer-Dicer (http://www.slicerdicer.com/) for rendering into 3-D isosurface objects.

This program is written for users of IBM PCs with any kind of Windows program.  People with Apple computers must install the Windows compatibility software for PCs (http://www.apple.com/macosx/compatibility/).  

 The concept of GPR amplitude slice-maps

When collecting GPR data, a number of transects are usually acquired in a grid, often with each profile having different line lengths.  These reflection profiles consist of many hundreds of traces collected along each transect, each with different reflection amplitudes, produced at different depths (as measured in time).  When traces from each profile are stacked vertically in a standard two-dimensional image, reflections are visible as shades of gray, or sometimes colors, producing a 2-D look at one vertical slice in the ground.  Of course, it really isn’t that simple, because each 2-D transect is actually receiving data from “out of the plane”, meaning reflection returns are coming from the sides of the transect, as well as from in front and behind the antenna.  There are ways to remove some of these anomalous reflections, such as data migration, and a wealth of other processing programs available for this. 

Two-dimensional reflection profiles are great for viewing reflection features along one transect.  When more than one profile is collected, it can be a very time consuming job correlating reflections from one transect to another, within a grid.  While this can be done visually, and should be in most GPR surveys, any quantitative analyses of actual amplitudes both within a profile, and between profiles, can be a daunting task!  In fact, for most data sets, it is almost impossible to analyze amplitudes manually, and therefore this program must be used to study all reflections in a grid at once, in map form. 

Amplitudes are important because they yield information about the “intensity” of reflections that come from within the ground.  And most important, because GPR data are collected in time, the depth factor can also be taken into account.  The amplitude of reflected waves is a quantitative measurement of the physical and chemical differences between two or more media in the ground.  The greater the difference in properties at an interface, the higher the amplitude of the reflected wave.  When all these amplitudes, and the depths from which they were received, are analyzed and then mapped, very precise maps of the subsurface can be made.  Most importantly, when times of these amplitudes are corrected for velocity, actual depths can be estimated, producing accurate three-dimensional maps of the ground.  You can read much more about this process in my book Ground-penetrating Radar for Archaeology (2004)  (http://mysite.du.edu/~lconyer/book.html).  There are also many other articles that colleagues and I have written available on this subject: http://mysite.du.edu/~lconyer/published_works.html. 

The GPR_Process program produces horizontal slice-maps of those amplitudes, which are analogous to arbitrary levels in standard archaeological excavations.   In other words, a horizontal slice in the ground, where the depth of this slice can be determined, would include the spatial placement of all reflection amplitudes within that layer.  If the origin of these amplitudes can be determined, then the resulting map can be indicative of the materials within those slices.  When many slices are analyzed, one on top of another, the maps are like a “CT SCAN” of someone’s brain, but in this case it is of materials in the ground.  This program can also make slice maps that are vertical in the x and y dimensions of a grid, but to date I haven’t found a good reason to do this.  Let me know if you do.

This program takes all the individual reflection traces within all profiles within a grid, and compares and then averages them spatially, within horizontal slices.  The result is a series of data in x,y,z format, where x and y are locations within your grid of data, and the z values are amplitudes of the reflected waves at the depth you are mapping, at that location in the grid.  When a number of slices are made in the ground, there will be one x,y,z file produced for each horizontal slice, corresponding to certain depths.  These “depths” are really radar travel times (in two way time from the ground surface, to depth, and back again).  You must use other methods to convert travel times to depth using velocity (see Conyers and Lucius 1996).  A program is available to do this called Fieldview, written by Mike Powers.  I use it all the time and it is great.  You can get it, and instructions at this site: http://mysite.du.edu/~lconyers/misc_software.htm.
Field Notes and Grids

As data are collected in the field, certain information is crucial for the processing of GPR data in this program.  The following information must be written down in the field, or there will be no way to process the data:

1.  a sketch map of the grid.  On this map the 0,0 point (often the SW corner of the grid) must be noted, with a north arrow.  0,0 is where data collection first starts, in the first GPR transect. It need not be the SW corner, but we will move it around to the mimic the southwest during processing, and then place a north arrow on later for orientation.  On this map I usually note where line 1 is, with the direction marked where the antennas were pulled from the 0,0 point.  If line 2 comes back the opposite direction from line 1, I also note this on the map.  The dimensions of the grid are also crucial!  How many meters on each side is the grid?  Remember, it is not necessary to have a perfectly rectangular grid.  Often this can’t be done because of surface obstructions or perhaps because there is a certain area that must be covered, and that area isn’t rectangular.  If your grid isn’t rectangular, it is important that you sketch the actual dimensions of the grid, with the length of each line noted carefully.  I also make sure that the corners of my grid are accurately surveyed with respect to a known datum, or other surface locations, so that all maps can be placed correctly on the surface of the earth, when this process is complete.  But you MUST have all the lines parallel to each other or things will get very tangled up!
2.  the zero offset of your collected data.  When setting up the parameters on the GPR system, prior to data collection, there is always a first reflection (the direct wave), which is usually offset a few nanoseconds from zero time.  In other words, the first reflection recorded (usually from the ground surface) is not zero time, but perhaps recorded 1 or 2 nanoseconds later.  I offset the first reflection in this way so that I can always see it on the profiles when back in the office.  Some GPR folks say that this is just a “feel good” step on my part, and they are right!  It always feels good to know where zero time actually is, just in case I have messed things up during collection and am not sure where the ground really is, or where reflections from within the ground may be.  I typically offset the first reflection by 1 or 2 nanoseconds, so I can always see it in the 2-D profiles later.  If you forget to write this down, there are other programs that can find it again for you, but why not save yourself some trouble and just write it down?  The SIR-3000 system automatically sets time zero at 3.3333 nanoseconds, for reasons that I don’t understand. Try to change this to 1 or 2 ns if you can in the field, but it is OK if you don’t, as this can be compensated for later on.
3.  the time window.  This is also crucial!  How many nanoseconds was the receiving antenna “listening” for?  This will be important, because you have to know how many nanoseconds each slice is to get an accurate depth.  But remember, if you opened up the time window to 50 ns, and there was a 2 nanosecond offset for time zero, you are really only recording data from 0-48 nanoseconds!

4.  the length of each line.  There are two methods to collect data:  in continuous mode with manual fiducial marks every certain distance along the lines, or with a survey wheel, where a certain density of reflection traces is collected every distance along each transect. This program is for survey wheel collection only.  The older program (discussed above) will still process data using continuous mode with manual marks. With a survey wheel, or other device that automatically collects a certain number of traces per distance on the ground, there will be no survey marks collected.  This program will place all the reflection traces into space, assuming that the first trace was collected at the beginning of the transect and the last trace at the end.  Don’t collect more data at the beginning or end of each line or you will get into trouble during processing.   If you do this it will take some manual data processing prior to running this program, which is no fun.

5.  the total number of files collected and their names.  These files should also be collected in sequential order, in other words, file1.dzt should be for the first line in the grid, and file2.dzt should be the next, parallel to it.  They need not start with file1, however.  The first file in the grid could be file292.dzt, for instance, just as long as the second file parallel to it is file293.dzt.  If you collected files that were out of order, have skips in the sequence or are messed up in this way, try to correct the names of them before processing, so they go in order!  You can do this in windows by just right clicking on the file and renaming it. Always keep a back-up copy of all field data files on CD ROM or some other medium, so you aren’t modifying your originals!  If you mess up, you can always go back and start over!  And keep good notes of what you are doing.  The program has a default to look for files that start with “file”.  In other words file1.dzt, file2.dzt, etc.  The SIR-2, 2000 and 10 systems have this as a default, and that is why we wrote it this way.  The SIR-3000 system, and all other make of GPR systems use other naming defaults. The SIR-3000 data names the files file_____001.dzt, etc, as the default.  You can also change the default to call them something else besides “file”, but I don’t recommend it.  My program only uses the word “file” at the start of the file name, which is the default in GSSI systems.  If your files are named something else, please change their names to use “file” first and simplify your life.
6.  write down all the velocity information you can.  If you have done velocity analysis from hyperbola-fitting, or you have produced an image of some features in the ground of known depth, write down these velocities, so depth corrections can be made later.  It is always difficult to do these types of corrections later, and I always worry about their accurateness when I do them after the fact.

7.  keep notes of all known surface features, or even subsurface features, that you can see, or know about.  When amplitudes are produced on maps later, they may be the result of tree roots, or recent cultural features, which must be discounted in your final analysis.

How to put your GPR data into the computer for processing

The GPR_Process program needs four directories (folders in Windows terminology) to process your data into amplitude slices.  These are called gpr_input, gpr_output and gpr_working.  The fourth is a directory where your raw data is located, which you can call anything you wish. Using Windows Explorer or My Computer put all your raw .dzt files into the fourth directory as an archive rolder.  This will be the folder from which data and files will be taken, but it will remain essentially intact and not modified.  This is so that if you mess up somewhere, you can always go back and start again with a “fresh” data set.  Of course, you should have backed up your raw field data someplace else prior to this, on CD ROM or some other media!!! 

In the processing program the default directory that will automatically place your processed .dzt files, and the .xyz , .mrk  and final .txt files that you will create will be placed into gpr_working.  This is the default, but you may stipulate in the processing routine which directory you wish all this to go.  As you begin to reverse some profiles, and create these new data files in the processing steps, they will go into the gpr_working (or other  stipulated) directory.  When you are all finished creating slices, it will be best if you go back to this working directory and move all the data files and the finished product (the .txt files) into a third directory.  The gpr_input and gpr_output directories are needed for data processing steps within the program and you need not concern yourself with these. 
It would be best if you named this final archive directory that will contain all your processed .dzt files and other files after your site of something like that, so you can find them all again.  This way you can keep everything straight.  I always make sure my original archive on CD ROM is totally raw data, and the data on my hard drive is the processed, reversed and manipulated data only.  This way I can always go back and re-process data later very quickly.  The most important files you will create are the ones that contain the actually sliced data (.txt) files, and you will need to place them on your computer someplace that you can find them later.
Installing the program

Get into Windows Explorer and create a directory in your C drive for GPR_Process.  Then just drag and drop the GPR_Process.exe file into this directory along with a small file called GPRC.exe.  I like to right click on the little icon for this executable file after this is done to create a short-cut, and move that icon onto my “desktop”, so when I am ready to run the program I don’t have to hunt it up on my C drive.  Then you are ready to run it by double clicking on the icon for the program.   No other installation is necessary.  But make sure you have created the necessary folders (directories) on your C drive, as discussed above!  You are now ready to run the program, by clicking on the GPR_Process.exe icon.

Conversion of SIR-3000 formats to the formats needed to run this program

This little step is necessary to convert the SIR-3000 data to the older format, so you can use this program.  For RAMAC and Sensors and Software data, instructions for conversions are located at http://mysite.du.edu/~lconyers/misc_software.htm. You must have both the main program GPR_Process.exe and a small program called GPRC.exe in the same folder before starting.   When you continue with the program and you will get this menu:
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You will click on Convert and Rename to get into the conversion program.  In this small step you will take a string of reflection profile files such as file_____001.dzt, file_____002.dzt, etc. and rename them, then convert them to files that are exactly the same but called: file101.dzt, file 102.dzt, etc.  The default location where these new files will be places is on in c:/gpr_data.  But you can place them in any folder you wish.

To start the conversion (and renaming) process you must choose the first file and last file in the string of files that you are working with.  You can click and browse for these files on your computer.  This is the menu that does this (after you have browsed and found the first and last file in the string).  Your files MUST be in numerical order!  If you have skipped a file or lost it for some reason (for instance, if you are missing file120.dzt in a string that goes from file101.dzt to file141.dzt), then the program will choke.  You must have ALL the files in the grid, and they must be in order.  If this is not the case then you will have to rename files to make sure they are in this numerical sequence with no gaps.  Also if you already have files with the same names in the output file (gpr_working), they will be overwritten, so be careful and clean out the output file first!  Here is a sample of what the window looks like after you have chosen your files to convert:
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Click on “Rename and Convert” and the process will start.  It is running some DOS programs and you will see them running in a black box.  If it stops during this process for any reason, just hit the “Enter” key and it will keep working, finally giving you a message that it is completed.  This will take just a few minutes.  When you are finished THESE are the files you will use for all the steps below.  When you are done, click “return”, which will take you back to the main menu.
Files Necessary to run this program  
There are three sets of files necessary to run GPR_Process.  The most important, of course, are your actual data files with the reflection information.  In GSSI format those will be file101.dzt, file102.dzt, file103.dzt, etc.  Each of those files will likely have a different number of traces, and may be oriented differently in the grid.  In order for the program to know the length and placement of each of those data files, within your grid, you must create .xyz files, which will tell where those transects (and all the reflection traces) are in space.  There will be one .xyz file for each reflection data file, for instance file101.xyz will correspond to file101.dzt, and file102.xyz will be for file102.dzt.  The program will produce these files for you based on information you give the program at this point, based on your field notes of where you places your transects within your grid.  The program will also produce files called 101.mrk, 102.mrk, 103.mrk, etc. which are files you need not worry about, but are telling the program what trace numbers in your files correspond to the beginning and end of your lines defined by the .xyz files.  So when you are done you will have three files for each reflection profile, all placed in a default folder called gpr_working such as file101.mrk file for file101.dzt and file101.xyz.  You really don’t need to worry about these files right now, but if you want to feel good that they have been completed, just look for them to appear in that folder as the program creates them.  
This is the menu that will get you going on the slicing part of the program (after you have done the rename and convert program, if necessary).
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Click on “Align Profiles” to start the program.

Align Profiles

You must follow the steps and sequences within the steps exactly as laid out below or the program will not run.  This is the window that you must work from next:
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1.  It is first necessary to have a “working” directory (folder) for your data.  This is a folder that you will use for processing, protecting your original data in a different folder so that you don’t mess them up if you make a mistake. You can use the Browse button to locate this output directory, and the correct path will show where the data is on the screen. The default is a directory called gpr_working, (because this is what I use) but you can use any one you want.
2.  Reverse. If you have to reverse your data files (.dzt), because alternating profiles were collected in a different direction (snake-line method some call it), then click on whether the files to reverse are the odd or even ones.  Hopefully, if your .dzt files are in the correct numerical order such as all odd files run north and all even files run south in the snake-line  data collection mode, you are ready to go with the reversing.  If all files were collected in the same direction then there are no files to reverse and you’d click “None”.
3.  Select Files or First File.  You will need to select the files to align and place into the working folder, which means reversing some of them.  To do this first click on Select Files or First File, which will allow you to go out in the folder where you stored the data and find the first file of your data set.  To do this, click on Look In and then browse to find the directory with your .dzt files and highlight the first file in your grid.
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4.  When it is highlighted click Open.  Then go over to the next box on the right (just to the right of Submit End File # ) and enter the number of the last file in this data set that you want to process (for instance 110 if the last file to be processed is file110.dzt). 
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5.  When this is done, click on Submit-End File #.  It will prompt you to say OK, if it has found all the files.  Then click on Run and the program will start reversing all the lines (odd or even or all or whatever you clicked on earlier).  This may take a while if there are many files to reverse, so be patient (10 seconds or so) depending on your computer’s processing speed.  When it is done, it will say “Finished current cycle” and you can click on OK.  When you are done the next menu, shown below, will come up.  In this version of the program, we will ONLY use the Survey Wheel Method.  If you want to do manual marks, you must use an earlier version of the program, discussed above.
Survey Method
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This box will then show up:
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Follow these steps in order, remembering to click on the “Submit” buttons that are numbered when you finish each step:  
1. click on whether you profiled in the x or y direction in your grid (assuming the 0,0 point was  in the SW corner).  If it wasn’t in the SW corner, make your 0,0 a “false SW corner” and choose the profile direction.  Remember, EVERYTHING is measured always from the SW corner, even if it isn’t really SW on a compass!  You can change the orientation of your maps to put north on the top later on.
2. Tell the program the number of “regions” you have.  Each region is defined as an area that has profiles of the same length, which were collected contiguously and in order.   These profiles in a region can be collected in snake-line (zig-zag) mode, but they all have to be the same length and have been collected starting at the same location in the grid (in the non-profiling direction).  You have already reversed the necessary profiles in an earlier step, so no need to worry about reversing here.  The profiles you will use all start and stop in the correct place, and here you need to tell the program where each profile sits within your grid.  Then tell the program how many meters apart each profile is (how far each are separated).  Then click on Submit (2).

3. For this step the program will prompt you for the dimensions of each region and the number of profiles there are in that region.  Put in the location within the grid that each package (region) of profiles starts and stops in the grid.  If there is more than one region, it will prompt you for each region one at a time.  You can see that it is prompting you as the Region Numbers will show up at the top of Step 3.  When you are done with all regions click on Submit (3).  If you did it all correctly it will give you a consistent message.  Otherwise, you have made a mistake in the number of profiles within each region the program will tell you, and you will have to start over on this screen with Setp 1 and find your mistake based on your field notes (hopefully).  If all is well this screen will show up:
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4. Then click Run and it will automatically make you .mrk and  .xyz files as described above.  The program will tell you that you have made these files (described above).  If you want to you can see these files in the gpr_working folder, and even modify them if you want to.  There is usually no reason to modify them unless you are trying to “fool” the program, which I have done a few times when the profiles in grids are VERY complex and I need to manually adjust where the profiles are in space (and my notes of where profiles start and stop are detailed and accurate).
5. When you are done with this routine the program will take you to the GPR Slice menu, which shown and discussed below
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GPR Slice
You are now ready for the most fun part!  This is where you create the volume of amplitudes within your grid from which you can make horizontal amplitude maps.  
There are a number of boxes that need to be filled in on this screen in order to tell the computer how to interpolate your amplitude data along and between profiles and how thick or thin to make you slices.  I will go through these boxes one at a time, but they can be filled-in in any order.

1.  Start time:  this is the number of nanosecond offset for your first reflection.  I hope you wrote it down in your notes from your initial collection in the field.  If not, you will have to use a profile visualization program to figure out what the offset is in nanoseconds. This must be a negative number!  If you use the default for the SIR-3000 system, this number will be -3.3333. 
2.  XYZ Table. There are 12 boxes that must be filled out for the dimensions of the grid, and how you want data interpolated in the 3-D volume you are going to generate.  

First and Last for the X and Y data for your grid should be already determined from previous steps, and you will not have to modify them.  These numbers are in meters, but they could be feet or kilomters or any dimension, as long as you know how you collected your data.  You may modify these values, however, if you wish to only produce amplitudes from only a given portion of your data base.  I have sometimes made x and y smaller in order to concentrate on only a portion of the grid, where I want some really detailed information.  If you don’t cut down the amount of data that may be generated at this step, you will have to go in and edit data from the whole x,y,z data base later, in order to make a map of only the portion of your grid that you are interested in.

The First and Last for Z are the top and bottom of the reflections that you want to create horizontal slices from (in nanoseconds).  Look on the right side of the box and it will tell you top and bottom of sliced window (in two way travel time). For instance, if you have a 50 ns time window, with a 2 ns offset for in the start time, you will be able to slice up data from 0 to 48 nanoseconds.  The top of the sliced window would therefore be 0 (the offset will be automatically taken into account) and bottom of Z would be 48.

Number of Data Points to Generate in X and Y means the number of re-sampled amplitude data points you will create within your grid along each dimension.  For instance, if you are profiling in the X direction, you will have many hundreds of reflection traces along the x axis where your profiles are located, because that is where all the information lies.  You may wish to have 10 data points per meter in that direction, which would give you a re-sampled relative amplitude value every 10 cm, in the X direction (this is not enough!....I usually have one value every 2 or 3 cm in the direction I am profiling). If you had 10 meter long lines in the X direction, and you wanted a data point every 3.33 cm you would put in 300 in the box for the “number of data points to generate” X direction.  
Below I will give an example of data that I am slicing where I have 10 profiles (files 101.dzt through file 110.dzt).  Here are the collection parameters:

1. profiles are spaced 50 cm apart

2. 0,0 is in the SW corner of the grid

3. profiling direction is the Y dimension

4. profiles are all 20 meters in length

5. 0 offset is 1 ns
6. 50 nanosecond time window (will make 8 slices of 6 ns thickness each)
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Notice that you then must manually put the top and bottom of the sliced window (in nanoseconds) and the number of slices and their thickness.  You must know about your collection parameters in order to do this. 
The program knows from your input previous to this that you have 10 profiles collected 50 cm apart, so it knows that your grid dimension (maximum extent) goes from 0 to 4.5 meters in the X dimension.  It also knows that the grid goes from 0 to 20 meters in the Y dimension.  But you must tell it how many data points you want to place in the Y dimension, depending on how precise you want your final product.  We have found re-sampled data points closer than about 2 or 3 cm is “overkill”.  In the example above I put 600 samples along the profiles (the Y dimension), which is one re-sampled value every 3 cm. 

The program’s default is to place data points ONLY directly ON the profiles.  In the past we tried to interpolate between profiles using this software, but found that other programs such as Surfer are much better at interpolating between our reflection profiles.  So that is why the default in the X dimension is exactly the number of profiles that were collected in the grid.  This will produce the sharpest images.
# of Slices (Z) is the number of amplitude slices you want.  

Each Slice Thickness (Z) This is the thickness of each amplitude slice you want.  Don’t make them too thin or you will cross cut reflected waves in your profiles and the data can become meaningless.   You can overlap the slices in order to make each slice take into account amplitudes above and below you could make the slicing thickness 3 or 4 nanoseconds and the number of slices 10 or even 20.  This would effectively create a “running average” of amplitudes throughout the complete time window, which could be good for making some 3-D renderings or other types of images. 
Interpolation distance in X and Y:  This is a way to tell the program in the X and Y directions how much you want to average amplitudes along and between profiles.  This works by taking a “box” of a given size and averaging all the reflection amplitudes within that box (a boxcar filter), which is called “interpolation distance” on this menu.
In the above example with profiling in the Y direction the “box” or total interpolation distance is .2 in the Y dimension, meaning that all traces located 10 cm in front of and 10 cm behind each data point you are creating during this re-sampling procedure will be averaged (therein the 20 cm box).  If you had really noisy data and your features to be resolved were large, you might want to increase that box size.  You might want your box to be 100 cm or so in that dimension, which would create a running average of all amplitudes 50 cm on either side of the data points. 
It does not matter what your y dimension is, as long as you make it small, as we are not going to created false data points between profiles.  So in the case above I left it as .20.  But anything less than 1.0 will work. 
3.  The Slice Direction option allows you to slice the data in either the x,y,or z direction.  I always slice it in the z direction in order to make horizontal slices.  This, after all, is what this program is all about.  But I guess you might want to slice it vertically also, just to see what is going on in that direction, but I can’t think of many useful applications for that right now.  If I wanted to see things vertically, I would just look at each reflection profile of the actual data.
4.  File Range to Slice allows you to choose how many profiles you wish to include in the slicing.  I would usually include all of them, and this will be the default that comes up on the screen.  But you might want to just concentrate on a certain area in your grid, so you can cut this down if you wish.
5.  Submit Input  When all the above is all done you can click on Submit Input and it will prompt you with an OK.  At this point the program is checking one last time to see if your data is all consistent.  It will prompt you if you left something out of the above procedure, and also tell you that all is OK at this point and you are ready to continue.
6.  Now you are ready to produce the slices.  Click on Run and the computer will start processing.  Depending on the size of your data set, the number of slices, number of data in the x and y direction and the box size (interpolation distance) you have given the program, the generation of these slices could take 2-10 minutes, or even more.  Be patient!  When it is finished, it will tell you OK.  
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7.  Sometimes if you have a grid that isn’t completely square it may give you an error message that says Volume Cells are Empty and the GPR Slice returned with errors.  Don’t worry.  It is OK.  It is just telling you that portions of the grid have 0s in the amplitudes (as there are no data there to slice).  This is what the output .txt files looks like when you are finished:
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315000 010668 4.875
470000 010668 31625
4.5000 0.0668 5.875




8.  I often keep the GPR_Process program running at this time, as it is often necessary to re-slice the data using different slicing parameters.  I always look at the raw data to begin with, just to make myself “feel good” that the interpolation was done correctly and other things like that.  Above is what raw data look like.  Notice that the first column is the X dimension and the second is the Y dimension (with one point every 3.334 cm).
9.  Notice that in your GPR_working directory (the default folder) there are .txt files that you will use to grid and map in Surfer or other mapping programs.  These are called file1.txt, file2.txt, etc, depending on how many slices you asked the program to generate for you.  You can call them anything you want by typing some other name in the window called “file name for .inf and .txt extension files”.   When you click on any of these you can open the .txt files in Word Pad, or some other file editor, and you can peruse the data to make sure that the x,y and z values are like you think they should be (a small portion of one of them is shown above).  If there are zero values for any of the z’s (unless there are areas of your grid with no profiles crossing it), you have made a mistake in your box size or the cells in the x and y directions.  You must remember at this point that file1.txt is from 0-6 ns, and file2.txt is from 6-12 ns, based on your notes and you can also convert those times to depths later on, when your maps are finished, if have determined velocities.
10.  You may at any time check the data you have processed by clicking on file.INF in your GPR_working folder.  This will remind you what you just did in the slicing portion of the menu. 

11.  At this point you can run a new series of slices from the same data, with different slice thicknesses, box sizes or cell numbers.  But in order not to replace the first slices you already ran (called file1.txt etc) you will need to change the Root for INF and TXT Extension Files for the files, by calling the new run something like second, which would produce slices in the same directory called second1.txt, second2.txt, etc.  But if you do this, make sure you have made a note of the parameters for each of the runs, so you don’t get totally confused.

12.  If you are happy with the data, you can then import each slice as .txt files into Surfer, or some other gridding and mapping program, and begin making contour, image, 3-D maps or whatever you think is best.  I usually make image maps in Surfer with different colors in a rainbow delineating amplitudes, both high and low.  Usually I have reds and yellows as the high amplitudes, with blue and greens as little or no amplitude.  In these programs, you can also change the search radius and gridding methods, which will produce either a more averaged amplitude map, or one that brings out each little amplitude variation within the grid.  

13.  If you wish to make different maps, with different slice thicknesses, or different box sizes or data point densities, you can go back to the Slice Data, and do it again, calling your output files something different (and keeping good notes of what you have done) and then make new maps.  This process could take a great deal of time, but could be necessary to image your features in the ground.

14.   To make maps in Surfer you first tell the program “Grid”, “Data” and browse until you find the .txt files you just created.  Open one of the slices.
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15.  Surfer is smart enough to know what your grid size is (from your .txt files).  I use Inverse Distance, Kriging or Minimum Curvature as my gridding method.  Here you can see the screen of the second slice.  Notice that I have told Surfer that I want a data point with which to make my final maps every 5 cm (Surfer calls it Spacing). 
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16.  Then you grid your data in Surfer and are ready to make a map.  Here is the image map of the data I just sliced, in Surfer.  It is not very interesting, but you can see the map of some high amplitude reflections anyway.  You would make one map for each slice you produced in GPR_Process:
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