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Introduction


The GPR_Process program, which produces amplitude slice-maps, was written with archaeologists in mind.  It is really a series of windows menus, overlaying a more sophisticated C++ program that was written to run only 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, for free.  I must  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 3 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 DOS programs.  For this reason, this windows based program was created by Martha West, with input from Jeff Lucius and myself.  We hope the GPR_Process program will allow the more casual users of GPR data to produce images within the ground, with a minimum of programming grief.


At the present time this program is written only for users of GSSI (Geophysical Survey Systems, Inc.) data not post-processed with RADAN.  I have, however, heard that people have successfully processed RADAN data, but have not done so myself.  These data sets are usually from the SIR-2, SIR-10 and SIR-2000 model radar systems. 


It is also important to understand that GPR data from Sensors and Software and RAMAC systems can be easily converted to GSSI format (which is .dzt format data), with a program that Jeff Lucius wrote.  You will have to get with me, or Jeff Lucius directly, and I can give you these programs that can convert formats.  To date, however, I have only processed data from the Sensors and Software PulseEkko system, so can’t vouch for whether this will actually work with other GPR databases. 


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.  These can easily be imported into any spreadsheet program for manipulation and finally Surfer, or other mapping programs, for sophisticated gridding and image production. 


This program is written for users of IBM PCs with Windows 95 and 98.  I have only tried the program on Windows 95 and 98 as of this date, but can’t see a reason it wouldn’t work on newer versions.   It also works on Windows NT that are networked, but sometimes extra library files need to be added that are available on most stand along PCs.  But those of you that are experimenting with it, may tell me otherwise.   I am also not sure how much memory it takes up, so if you have a major crash when using this program, it could be a memory problem.  Sorry!  I haven’t had that problem yet, so we will also have to work on that, if it rears its ugly head.   But most of you out there have new machines with tons more memory than the old system I have been working with for the last 4 years, and I haven’t had a crash yet.   So lets hope this isn’t a problem


Remember also, you get what you pay for with this version of the program! (which is zero). Since there is no price tag on it, I am making all of you my guinea pigs.  Part of the deal is that you have to let me know of its limitations and any potential bugs that come up.  We can then produce more versions in the future, which will hopefully be less error prone, and more sophisticated.  So have fun, make notes of what you are doing, and let me know what happens!

 The concept of GPR amplitude slice-maps

When collecting GPR data, a number of transects are usually acquired in a grid, often with different lengths and possible orientations.  These reflection profiles are many hundreds of traces collected along each transect, each with different reflection amplitudes, produced at different depths.  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, but to date I don’t have the software to do it, or the inclination to work on this very difficult programming problem.  So we will just have to realize that our data set isn’t perfect in that regard.


Two-dimensional reflection profiles are great for viewing potential anomalies 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. 

Amplitudes are important because they yield information about the “intensity” of reflections that come from within the ground.  And most importantly, 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, 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.


The GPR_Process program produces 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 “CAT SCAN” of someone’s brain, but in this case it is of materials in the ground.


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 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.

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.  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.

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, 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 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 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?

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, and the spacing of “tick” marks, or survey marks, on each line.  For a standard survey I make survey marks every meter, but have been known to mark every 5 meters when I am in a hurry, or every 50 cm or less, when precision is important.  If you miss marks, or have too many in each line, the survey is not a loss, but it just takes more time to figure out your navigation when you are back in the office.  Remember that you must have one mark at the beginning of each line (0 meters) and one at the end, as well as marks all the way along!  If you have data collected 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 can still be used in this case, but you will have to modify the programs somewhat.  I haven’t actually done this, but know of how I would do it, so if you are in this situation, let me know and I’ll tell you how to do it.

5.  the total number of files collected.  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.

6.  keep notes of any marks that are missed or added erroneously during the collection process.  This can save lots of time and guess work, when you are processing the data.  If you don’t note these, you may have to “fudge” the data later on, which is very painful for me to do!  So pay attention during data collection, don’t be talking during acquisition, and always keep careful notes!

7.  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.

8.  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 (two) three directories to process your data into amplitude slices.  You may call these directories anything you wish, but for this example I will have two called gpr_data gpr_input and gpr_working.  Using Windows Explorer or some other program put all your raw .dzt files in the gpr_data directory.  This will be an “archive” directory 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 go in) is 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 data in profiles, and create these new data files, they will go into the gpr_working 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.  It would be best if you named this final archive directory after your site of something like that, so you can find them all again.  This way you can keep everything straight.  I 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.

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 file1.dzt, file2.dzt, file3.dzt, etc.  Each of those files will have a different number of traces, and may be oriented differently in the grid, with different locations of survey marks.  In order (to) for the program to know the length and placement of each of those data files, within your grid, you must (created) create .xyz files, which will tell where those lines are in space.  There will be one .xyz file for each reflection data file, for instance file1.xyz will correspond to file1.dzt, and file2.xyz will be for file2.dzt.  The third file type is called a mark file.  These files tell where in space each of the survey marks are for each line, and must correspond to the .xyz files.  Therefore there will be a file1.mrk file for file1.dzt and file1.xyz.  Here are some examples of the .xyz and .mrk files, for a line that is 10 meters long.

File1.mrk:

11

this is the total number of marks expected for this line for a 10 meter line

25

this is the trace number for 0 meters on this line

50

this is the trace number for 1 meter on this line, etc for the rest

78

104

(assuming that there was one survey mark per meter)

129

158



191

210

246

278

350

for file2.mrk the marks will most likely be at different trace numbers.  There is routine in the GPR_Process program that will find all the marks for each of you lines.  If you have made mistakes in the field, with some lines having too many marks, and others too few, the program will attempt to calculate where you may have missed them, or have too many, and it will allow you to edit these files.  To do this it first creates .MEDT files, which are mark files that can be edited.  Caution: if you have to edit marks because you have too many or too few marks per line you must do this with your MEDT files before you proceed to Make Mrk . Once you are done editing, proceed to the Make MRK Files that are used in the final data processing.  If you have data not collected by a SIR-10, 2 or 2000 system, this procedure won’t work right now, and you will have to manually produce each of these files for each line.  This is a pain!   You may be able to convert your files to .dzt format, which would then allow the marks to be found automatically.  I just recently did this with Pulse Ekko data that had been converted to .dzt format, and it worked well.


Also, if you collected your data with a survey wheel of some other mechanism that collects only a given number of traces per line, you may manually produce .mrk and .dzt files, with three marks per line, one at the first trace, one in the middle of the line, and one at the last trace.  I also just did this, and it worked fine, but it was a little time consuming haven’t done this yet, but am pretty sure it would work.  To make it work you must know the minimum number of traces in each line and construct your .mrk files showing that trace 1 is at the start of the line (which it always is!) and the last trace is at the end (say 500)…then the middle of the line would be at 250. 

After you have edited a whole bunch of .MEDT files because you messed up marks in the field, you will soon realize how important it is to pay attention to accurate navigation during data processing!

Here is an example of an .xyz file:

file1.xyz:

11

-this is again the number of marks expected for this 10 meter line

0 0 0

- the first mark on this line is at 0 (x) and 0 (y).  Z will always be zero for this version.

1 0 0

- the second mark is at 1 (x) and 0 (y), 

2 0 0

3 0 0

etc for the rest of the lines


4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

9 0 0

10 0 0

In this case, the lines would have been collected in the x direction, because the x’s are changing.  If you had collected the profiles in the y direction in your grid, the y values would be changing.  The z values will always be zero, because they are for topographic corrections.  We haven’t got the program working yet to account for surface topography changes.  This will come later, so for now they will always be zero.

If the second line in this grid were parallel to line 1, one meter away from it, the same distance, and were collected in the same direction its .xyz file would look like this:

11

0 1 0

1 1 0

2 1 0

3 1 0

4 1 0

5 1 0

6 1 0

7 1 0

8 1 0

9 1 0

10 1 0

As you can see from this file, the only thing that has changed is the y values, and they are just one meter greater.  This line is parallel to line 1, but 1 meter to the north.  

If the second line were not started from the same direction, but began where line 1 ended (a good way to collect data in the field because you don’t always have to return to the same edge of the grid every time you start a new line), the .xyz file would still be the same, but we would just reverse the traces in the .dzt files so that all lines start at the same edge of the grid.  This reversing process is part of the routine, and makes the first trace collected in those lines the last, and the last the first, and continues for all the rest of the traces in that line.  Usually when data are collected in this way, like when you are mowing the lawn back and forth, you would reverse all the even numbered lines (assuming you started the grid with line 1).  Or if you had collected the data in a really crazy way, there is a menu to reverse the odd lines, or all the lines.  Or, if you might not need to reverse any.  


At this point you can see how each of these 3 files, taken together, will yield a volume of data.  Each .dzt file has reflections from a certain depth in the ground (depending on your time window of collection) and each navigation mark on each line has an exact location within you grid.  All traces in each line that fall between the navigation marks will be “rubber sheeted” between the marks, meaning their exact location on the surface of the earth will be interpolated between the marks, which have known locations.  


It is also important to note at this time that data collected in two directions within the same grid can also be processed.  Sometimes lines are collected north-south, and then others east-west, in the same grid.  No problem!  In fact, if you have the time, this is a great way to collect data, because if linear features are in the ground, and are parallel to your direction of profiling, they might be missed all together.  Only lines in a perpendicular direction would then detect them.   If you collect data this way, all that is necessary is that the .xyz files correspond correctly to how each .dzt file was collected in the field, and you have just a super 3-D data set!

Finally, the number of marks in each line must be the same for each set of lines processed.  For example, you might have 20 lines, each 20 m long running north-south in one grid.  As you make marks at 1m intervals along each line, you must make sure that each line has 21 marks or you will have to edit each .mrk file that does not have 21 marks manually before gpr_process will run.  Thiss can be an extremely daunting task.  So pay attention when you are collecting data in the field.

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 from the floppy disk into this directory.  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 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.  

How to run the program
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Now you are ready to run GPR_Process.  This program will lead you through a series of steps, which will automatically produce .xyz, .mrk and reversed .dzt files (if necessary).  When these navigation steps are complete, the final step is to slice up the data and produce an x,y,z file that can be imported into a gridding and mapping program for imaging.

The first thing you must do is take all your .dzt files from your storage media and put them into a directory on your hard drive for manipulation.  I have a directory called gpr_data, and then make sub-directories (such as grid 1) in it for each grid.  For instance, the path might look like this (using old DOS usage)

c:\gpr_data\grid1  


I use Windows Explorer to drag and drop my data into this sub-directory, and then minimize this screen, but keep it active through the rest of the processing routines.  You will see later, during the mark editing section, why this is important.


If you have already produced manually .xyz and .mrk files (which is a pain, but necessary for the .mrk files if you have SIR-2 or SIR-2000) you should proceed to the Input Parameters box and by-pass the Align Profiles box.  But for right now, lets assume you are going to let the program do all this for you.  If this isn’t the case and you have already produced all the necessary data files, and your profiles are all aligned in the correct direction you can go directory to Input Parameters  and follow those instructions below.  If your field data need reversing and you need to produce .mrk and .xyz files, go to Align Profiles directly below.

Align Profiles

You must follow the steps and sequences within the steps exactly as laid out below or the program will not run.

[image: image2.jpg]Align Profiles and Setup

~Reverse—  Hofcycles  Oulput Diecto(e.g e Memphouties) Fun

; Even |1 ||: AGPR_warking
-
Al

optonal)

* On completion of MULTIPLE
CYLCES OF ALIGN PROFILES,
check provided fist and lastfe

Curert Pumbers and review any
cycle ERROR MESSAGES

0 0
Statfle  Endfie
Pumber number

-\l to GPR_InpuD bt

Glyes  Cipg  [DEGPRIBUIDG oot funciond





1.  It is first necessary to have a working directory for your data.  You have probably created this already, when you dumped the data onto your computer, from the storage medium.  You must type it into the box called output directory, with the correct path showing where the data is. The default is a directory called gpr_working, but you must make sure you have set this up on your computer in advance, or things will get very messed up!

2.  Number of cycles.  This means how many groups of profiles are oriented in the same direction, and have the same length, all parallel to one another.  For instance, if you had an “L” shaped grid, with a total of 51 files in it, 25 of which were 50 meters long, and 26 of which were 25 meters long, you would have 2 cycles.  If you have a very complicated grid, with each profile a different length, and each starting and stopping in different places within the grid, you could have many cycles.  This would be a difficult grid to process, but not impossible!  If you had a perfectly rectangular grid, with all the lines the same length, you would only have one cycle.  So in this case, the 1 will be the default.  If you have more than one cycle of files, the program will prompt you with the new cycle.
3.  Reverse. If you have to reverse your data files (.dzt), because (half) some of them were collected in a different direction, 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 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.
4.  Select Files or First File.  You will need to select the files to align, 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 directory 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.  Doubleclick, or highlight the first file in your data set and 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 (for instance 33, if the last file was file33.dzt in this cycle.  When this is done, click on Submit-End File #.  It will prompt you to say OK, if it has found all the files.  You will have to do this for each cycle of data in your grid, if you have more than one because the lines are a different length.  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.  You can hear the computer processing at this time.  When it is done, it will say “Finished current cycle” and you can click on OK.  When this is done for each cycle you can click on Return to go back to the main menu.  
If you don’t have to produce .mrk or ,xyz files, and/or don’t need to reverse any of the lines, you can bypass the Align Profiles menu and go directly to the Input Parameters menu.  

Make X Y Z Files
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After you are happy that all your set-up parameters are correct, and you have reversed the files that need to be, you are ready to make the .xyz files in the next menu.   Many of the parameters you already put in will be carried over to this menu, so you won’t have to put them in again.  But keep notes up to this point about your grid, length of lines and such, just to make sure.

1.  click on the little circle to tell the program if your profiles are in the x or y direction .

2.  input the number of regions (same as cycles in the previous menu) for “packet “ of  profiles that are the same length in your grid.  Then put in the unit marker (distance between each survey marker.  Then the profile separation, or distance between each profile in the grid.  When these are in click on Submit (2).  
3.  Input Min. value (usually 0 meters) and Max value (the greatest length of the longest line).  The total number of profiles in your grid must come from your notes.  When these are input, click on Submit (3). If these data submittals from 1,2 and 3 are all consistent with the number of  profiles in your data set, the program will tell you that everything is great.  If it is inconsistent, it will tell you, and you will have to go back to your notes to make sure you have put in everything about your grid correctly.

4.   If everything is consistent, you click on Run and it will create your .xyz files.  Click OK when it is done, just to make you feel good about everything.

5.  When this is done click on Return to get back to the main menu for the next step.

Make MRK Files for Edit

[image: image4.jpg]Make MRK Files for Edi

This program creates a fle with & MEDT extension fr sach i
DZT fle you included in o finsl g The pupose of the. L

MEDT fes i to faciltate the production of the MRK fies.
AMRK e s st satting it the rumbes of marks in the
cortesponding DZT fle. The liace rumber of each of the marks
isthen given in seduentialorder.

Retun

Each MEDT flereports both the number of marks expected and the rumbet found in
the give DZT il To make the deta easy to inerpre,the marks are sequertially
Iabeled it the race rumbe and races betieen marks provided.

‘Yo should review each MEDT fil and fallow the instuctios given in the fs for ediing
them i necessary. Only those fies that meet the speciied standad can be edted by the.
MK progiar to create MRK files. I you do no edit the MEDT fes ahead oftime, the.
MRK program il fag th fes i they tequie ediing

ERROR REPORT BOX.

Enorinflerumber. [




This part of the program will take all the information from the previous menus and create .mrk files.  Information about profile numbers, lengths, mark spacing and line spacing is all carried over here, and as long as everything was consistent in the last menu, you will be OK on this part of the program.  But what might jump out and get you here, is incorrect marks.  If you didn’t do everything perfectly during data acquisition, you will have to edit your mistakes in this menu.

1.  First click on Make MEDT Files.  This step will search for the marks in each of the .dzt files and store the trace numbers of those marks for each of the .dzt files.  As it does this it will create a .MEDT file for each line, which is editable, in case you have made mistakes.   The program will compare the number of marks expected in each line, to those that are found.  The number to expect are calculated from the data you have input in the previous menu, when the .xyz files were created.  For the slicing program to work, all the .xyz, .mrk and .dzt files have to be consistent, so that all the reflections and amplitudes are correctly placed in space!

2.  As mistakes are found in the marks, the computer will prompt you to correct it.  An Error Report Box will appear and tell you what file number has mark errors in. When this occurs, click on the Windows Explorer  icon, which you stored at the bottom of your screen early on in this process.  Then double click on the .MEDT (which will bring the file up in an editing program, which you will have to choose.  I usually WordPad or NotePad  to do this, but any text editor will do.   You will see the contents of the .MEDT files, which will say at the top how many marks were expected, and how many were found.  It then list the mark numbers in the first column and the trace number where the marks were found in the second column.  The third column is a calculation of the difference between marks, in number of traces, which may allow you to find your error easily.  Often the distance between traces can help you located errors, if you didn’t recognize where you goofed up in the field.  Then you will have to add or subtract a line, putting in a plausible trace number if a mark is missing, or taking out a mark if there are too many.  I always hate doing this part of the program, because it means I was not paying enough attention in the field!  And it always leaves errors out there, because if you missed a mark, the “fudged” trace number for that mark, it will almost always be incorrect, modifying the actual location of your amplitudes in space somewhat.  Always remember not to leave any lines blank, and always have no spaces between the data lines and the END_FILE notation at the bottom. It is important that there are no spaces between lines when you are done editing, and also remember that the first trace cannot be zero!  If it is (and this has happened to me for reasons I still don’t understand) just change it to 1 and you will be OK.  Also remember that there need to be five little stars ***** at the end of the first line…not 4 not 6….this is just an oddity in the program, but something you may have to deal with if you modify the first line.   Also no marks are allowed for traces that are not in the actual data set:  for instance there is no such thing as trace 0!  But sometimes there might be one in the MEDT files.  Also marks are not allowed for traces right next to each other, like 111 and 112 for instance.
3.   When you are done editing the .MEDT files, click on File, Save, and then replace the old .MEDT file with your edited one.  Then minimize Windows Explorer again, keeping it ready for any future problems, and the GPR_Process screen will again appear.  
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Make MRK Files.

Click on Run in the Make Marks portion of the program and it will begin making .mrk files again from the .MEDT files.  You may have to do this step again, depending on how many mistakes you have made during data collection. To do this click on Make MRK Files and then click on RUN.  Very quickly these files are produced

At this point I always like to go back to my stored icon for Windows Explorer and search the sub-directory where all these files are is supposed to be going, just to feel good that all the .mrk files are actually in the correct directory with the .xyz and .dzt files.  If these files aren’t all together in the same sub-directory, something has gone wrong in your data input, and you will not be able to proceed to the most important next step, which is to create the slice-map data.

When you are happy that everything is where is it supposed to be, get back into GPR_Process and click on Return to go back to the main menu.

Input Parameters

This program can be used by itself to process .dzt, .mrk, .xyz files, if you have gone through the previous menus.  If you are on your first slicing program you should go directly to the GPR Slice Menu.
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By the time you’ve reached Input Parameters,  your data files (.dzt) are all oriented in the same direction, your mark files (.mrk) and navigation files (.xyz) are all compiled, and all these are in the same directory on your hard drive.  

In this menu you fill in boxes with:

1.  Output directory:  where you want to place all your data files including .mrk, .xyz and .dzt files.  It is also the place where your final product including  x,y,z files in the format of a .txt file will be dumped. I suggest you use the same   default directory c:\GPR_working.

2.  Root:   This is the root that your .dzt files start with.  Mine always start with “file”as in file1.dzt, file2.dzt, But if your data files start with a different root word, put that in here.
3.  File range:  1st:  this is the first file # in your data set.  Last: last file # in your data set
4.  Unit markers:  how many meters between your survey markers (1 meter, 5 meters, .5 meters or some other marker distance you used)
5.  Profile separation:  distance between profiles 
6.  Profiling direction: the direction you profiled in.
7.  Minimum. value:  the least distance in the direction you profiled (usually would be 0)
8.  Maximum value:  the greatest distance in any of your profiles.  Don’t confuse marks count with distance. If you profiled 20m north on 1m spacing you will have 21 marks.  You would put 20, not 21, into this box.
When you are done with this, submit these parameters and you are ready to go to the next step.  Remember, you have only done this routine, if the data in your profiles is already all oriented in the same direction and if you have produced .xyz and .mrk files some other way, and you feel good they are all correct.  All the data files and these .mrk and .xyz files must be in the output directory and ready to process (the default is a directory called gpr_working, but you can call it anything you wish, if you tell the program in step 1 above what it is).

GPR Slice
You are now ready for the most fun part!  This is where you create the volume of amplitudes within your grid.  You would normally go to this program directly from make MEDT files.
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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 done input in any order.

1.  Start time:  this is the number of nanosecond offset for your first reflection.  This must be a negative number!

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 portions of your grid should be carried over from previous steps, and you will not have to modify them.  These numbers are in meters!  You may modify these values, however, if you wish to only produce amplitudes from 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 out 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 data you want to create horizontal slices of.  For instance, if you have a 50 ns time window, with a 2 ns offset in the start time, you will be able to slice up data from 0 to 48 nanoseconds.  First Z would therefore be 0 (the offset will be automatically taken into account) and Last Z would be 48.

Number of Cells for X and Y means the number of data points you will create in your grid each way.  For instance, if you are profiling in the X direction, you will have tons of reflection data along the x axis of your grid, 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 an amplitude value every 10 cm, in the X direction. If you had 10 meter lines in the X direction, and you wanted a data point every 10 cm you would put in 100 in the # Cells for the X direction.  But, if profiles are running in the X direction, and there is a meter spacing between profiles, the next parallel profile with any “real” information, is located a meter north and south of each line.  In the Y direction in this case (where there isn’t any data from actual .dzt files) you must not put in more than 4 points between profiles, or the program will choke!  So if your grid is 5 meters in the Y direction, with the line spacing of 50 cm (a total of  11 lines) I would put in 44 data points in the Y direction, which would put one every 25 cm.  Any more than 4 times the actual data spacing will attempt to have the computer put in too much “dummy” information between lines.  The only way you can get amplitude data between lines is by interpolation, and more than 4 times is just “stretching” what is real.  The rule is: don’t try to put data between profiles in too high a density, or you will create interpolated amplitudes that are just too subjective, and may not illustrate the “real world”.  It is OK to do it in the direction of profiling, because you have the data in that direction.

# of Slices (Z) is the number of amplitude slices you want.  The default is 4.

Box Size:  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, in order to get the data points you put in, in the previous menu.  A box is a way for the program to look out in the x and y directions with a “box” between each trace in each profile, to compare amplitudes in traces along the same profile, or traces in adjoining profiles.  If you are profiling in the x direction, you might want your box to be 50 cm or so in that dimension, which would create a running average of all amplitudes 50 cm in length,  in that direction.  In the y direction, however you might want the box size to be larger, so that your moving average “box” would at least overlap the profile above and below.  For instance, if  you said you wanted one data point every 50 cm in the y direction and your profiles were 1 meter apart in that direction, a box size of at lease 51 cm would be necessary for it to overlap the lines above and below and give you some real amplitude information for that point in the grid.  If you said you wanted a data point every 25 cm in the Y direction, then your box size had better be at lease 76 cm in the y direction for there to be overlap between lines.  Here’s another example: As far as box size goes,  on a 10x10 meter grid with one meter line spacing, the box size in the direction of profiling can be small.  You have tons of data along that direction.  So I would make it .25 or less.  In the other direction, you will need to make it at least .75 or greater, so that your data over laps t hose data on the parallel lines.  

Recently I have been experimenting with the box size and have been always making it square (looking a given number of meters along the transects and between the transects).  This seems to make nicer maps when I contour them in Surfer.  But you can experiment by biasing your search in one direction or another using the box size.  

Box size in the Z direction is the thickness of the slice in nanoseconds.  So, using our time window of 48 ns total, if you wanted 5 slices of 8 nanoseconds each, you would put in 8 for the Z box size.  You could overlap the box sizes in order to make each slice take into account amplitudes above and below by making the Z box size 10, or any value greater than 8.  If it were 10 this would mean that there would be 1 nanosecond of amplitude information above and below each 8 ns  slice that would actually be averaged.  I can’t think of a good reason to do this right now, but there may be.  You have the option, anyway.

Here’s another example. If there are six slices of 8 ns each and a time window of 58, then each slice will be 9.66666 ns each...not 8.  To get your slices the way you want them put this in

First     0

Last      58

#         6

Box Size  9.666

This will then produce your 6 slices in that time window, but each one will be 9.666 ns thick.  If you want them thinner, and still want 6 slices only, you will have to calculate a different time window (make the last number smaller or the first number greater).
3.  Slice Direction option allows you to slice the data in either the x,y,or z direction.  I would 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 of the actual data profiles!

4.  Method of Transforming Amplitudes.   The options are either Square or Absolute Values.  All amplitudes of waves in GPR data have both positive and negative digital values, around a mean.  There are sometimes reasons to understand whether they are positive or negative, but for most applications the amplitude (whether positive or negative) is usually most important.  I therefore use Square, as the preferred method of transforming amplitudes, because this will square all amplitude values, creating a large range of values and also making them positive numbers, which are easy to grid and map.

5.  File Range, 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.

6.  Background defaults at TRUE, which means each of the .dzt files will be filtered to remove horizontal banding in the reflection data, before doing the amplitude analysis.  This is a very powerful step in the data processing, which will significantly clean up the raw data before slicing it. 

7.  Envelope and Expand default at FALSE.  These are commands that Jeff wrote in his C version of the program that I haven’t learned how to work yet.  I guess you will just have to leave them as FALSE for now until I figure out what they mean.

8.  Submit Input / Check Input .When this is all done you can click on Submit Input and it will prompt you with an OK.  Then click the Check Input command for one last check to see if your data is all consistent.

9.  GPR-slice. Now you are ready to crunch data!  Click on Run and the computer will go for it.  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 you have give 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, and you can return to the main menu.   

10.  At this menu, when the computer is done slicing, it will either say GPR Slice Complete, or possibly GPR Slice Returned with Errors.  Sometime the returned with errors happens when you have a grid that is not rectangular, and therefore there are points in it that have only 0 for the Z values.  Don’t worry!  Just look at the data discussed in 11 below and assure yourself that there are good amplitudes ready to process. 

11.  At this point you can quit the GPR_Process program and you can get back into Windows Explorer to see if your sliced amplitude files are where they ought to be.  Look in your output directory (default is gpr_working), and there will be files called file1.txt, file2.txt, etc, depending on how many slices you asked the program to generate for you.  You can click on these, which will open them in Word Pad, or some other editor, and you can peruse the data to make sure that the x,y and z values are like you think they should be.  If there are zero values for any of the z’s, you have made a mistake in your box size or the cells in the x and y directions.  In other words, you have told the program to go out and make too much data between profiles, without making the box size large enough to overlap adjoining profiles.  

You may check the data you have processed by clicking on file.INF in your GPR_working directory.  Here you will learn such important information as: 

Start time of first sample is -2 ns

No envelope was used.

Slices are horizontal planes perpendicular to the Z axis.

Number of slices (Z direction) = 

Number of rows (Y direction) in each slice = 

Number of columns (X direction) in each slice = 

Original minimum amplitude value = 

Original maximum amplitude value = 1

NOTE: amplitude values for text file have been divided by

Z Slice:     FROM          TO
12.  At this point you can run a new series of slices from the same data, with different slice thinknesses, 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.

13.  If you are happy with the data, you can then import it into Surfer, or some other gridding and mapping program, and begin making contour, image, 3-D maps or whatever you think is best.  At this point I usually make image maps 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.  You will have to work with these, and compare your maps to the “real world” to see what works best.  Remember, that it is many times best to do this type of averaging and interpolation in the GPR_Process program, which will be averaging “real data” as opposed to averaging and interpolating an already averaged and processed data set.

14.  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 Input Parameters and GPR Slice, 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 processes could take a great deal of time, but could be necessary to image your features in the ground.

Good Luck!  And let me know how it goes!

Appendix
Notes on Error Messages from Martha West

Error messages and comments for GPR Program Suite

(Text on program interfaces provided at end of this document)

Align Profiles

Notes on program: The Align Profiles program is the only place DZT files can be selected in the program suite. In order to include files together they must be profiled in the same direction (e.g. x or y). However it might be the case that the profiles were not all surveyed in the same way (e.g. even, odd, all or none). If the user wants to include these files for common processing they need to select the files in cycles. For example cycle 1 might be four profiles that need the even files reversed and cycle 2 might be three profiles that were all surveyed in the same direction, in which case none or all would be reversed. The program keeps track of the number of cycles the user selected (which will often be just 1) and comments if there is a discrepancy. 

OnRunFileSelect 

"You must select EVEN, ODD, ALL or NONE before selecting files."

(since selected files come back marked with * if they are to be reversed, this must be done first)

"Submission successful."

(If user provides a first file in OnRunFileSelect and then selects the end file number in the box top right of the file select window, he/she will receive this message)



Run

The output directory is blank. Do you want to overwrite the input files with the reversed files?",

The Output Directory you selected does not exist.

The Output path must be a Directory.

(user has supplied a file in a directory not a directory).

You have already completed all cycles indicated. 

(user has attempted to run Align Profiles beyond the number of cycles selected. To overwrite this, run reset and then reenter the required fields.)

One or more of the selected files does NOT have a DZT (or dzt) extension. Re-examine the file list and reselect files. (note to M: change spelling on reselect in program)

File Copy Failed, Check if the input file is read only file.

(the suggestion to check if read only is just that  it could be another problem. Usually though if you check the protections under properties in Explorer (select the file(s) and right clicking on it (them)) you will see that they are read only. Change this. Once you have done so the program may not accept the change and continue to give you the same error message. You will then need to exit the program and launch it again (this is the major instability in program at this time). Moral to the story is to check the protections before running program suite.)

You must select files before running the program.


(user has not selected files)

"Align Profiles finished current cycle"


(program ran the current cycle without errors)

"Align Profiles returned with errors.") 


(program returned with errors.)

(don’t know what this line is)

 "The number of files processed in all cycles exceeds the number implied by the minimum and maximum file indexes. One or more files was processed in more than one cycle. This is not allowed." 

(user most likely selected the same DZT file in two or more cycles.)

"The number of files processed in all cycles is less than the number implied by the minimum and maximum file indexes. One or more files implied by a sequential progression was skipped. This is not allowed."

"You have completed all cycles indicated."

"Align Profiles returned with errors." 

Make XYZ Files

Note on program: The user can select more than one region to describe the grid if the minimum and maximum values are not all the same. A region then is defined by its min, max and number of profiles. The program keeps track of the number of total profiles implied by the sum over regions and compares that to the total number of files selected in Align Profiles (or the input file). Error messages will result if these are not consistent.

You must select x- or y-profiling before running program.

The XYZ parameters that you just entered will be used for this program run. According to internal tracking, these modifications have been appended to the already complete input file. To overwrite the previous XYZ parameters, see GPR_InputExample.txt in the c:\\GPR_Input directory.

(See GPR_InputExample.doc for more detail. If write to file has been selected, this message occurs if data file believed to be complete by the program.)

OnSubmitTwo()

You must select values for the Number of Regions, the Unit Marker and Profile Spacing.

(note that VC++ will also give errors if user attempts to put a character or a float for number of regions in these fields.)

OnSubmitThree()

You cannot have a fractional number of marks. Correct input so that (max - min)/(unit marker) is an integer.

Submission of current region successful.

ERROR IN GRID PARAMETERS: The grid parameters you have entered result in more files than selected in Align Parameters. Re-submit data so that it is consisted with the file range provided.")

ERROR IN GRID PARAMETERS: The number of XYZ files is now equal to the number of DZT files selected in GPR Align Parameters. However according to the grid parameters you selected, there are still additional grid regions to process. Re-submit data so that it is consisted with the file range provided."

DATA CONSISTENT: The grid parameters entered are consistent with the number of files selected in Align Parameters and data entry is complete.")

Make MRK for Edit Files

Note on program: The text generated for the Mark for edit files cannot be edited (in most cases) or the Make MRK Files program will report an error. Some of the error messages are from Jeff Lucius’ C code since this code was brought into the VC++ code in contrast to the other programs. The user may encounter similar errors in the other programs that are not provided here.

Unable to open DZT file. See ERROR OUTPUT box."


(the number corresponds the number just before .DZT)

short count from () of file. See ERROR OUTPUT box.")


(could mean file empty or corrupted)

Unable to allocate temporary storage. May need to create more space.

NO tick markers found in file. See ERROR OUTPUT box."



(could mean file empty or corrupted)

(warning provided in MEDT file) AFTER EDITING THE NUMBER OF MARKS FOUND MUST EQUAL THE NUMBER EXPECTED. DO NOT EDIT TEXT IN THIS FILE!

Mark files for edit are complete

Make MRK Files

Note on Program: Program edits the MEDT files by literally counting the words expected before the data begins. This is the reason it is so important not to edit this text. If this program reports an error it usually tells the user what number appears before the .MEDT extension. If the user has not edited the text, the error encountered will usually be a difference between the number of marks expected and those found. These numbers are provided at the top of the MEDT file making it relatively easy for the user to identify the problem by looking at difference from previous column.

"The file was not found

(refers to MEDT file. Inconsistency that it does not report to error box. Note to M: add MEDT to file and check about error box reporting.)

"User has edited first line of text in indicated MEDT file. Program cannot accurately extract MRK file. Re-edit file indicated in ERROR REPORT box."

(for all the messages referring to user editing the files, what is indicated is most likely the problem, but something has been edited)

"User has edited second line of text in indicated MEDT file. Program cannot accurately extract MRK file. Re-edit file indicated in ERROR REPORT box."

"User has edited the third or fourth line of text in indicated MEDT file. Program cannot accurately extract MRK file. Re-edit file indicated in ERROR REPORT box."

"A MARK NUMBER in the indicated file was read in as a character. The file either ended prematurely or the user edited the file in this position. Re-edit file indicated in ERROR REPORT box."

"A TRACE NUMBER in the indicated file was read in as a character. The file either ended prematurely or the user edited the file in this position. Re-edit file indicated in ERROR REPORT box."

(for all the messages referring to user editing the files, what is indicated is most likely the problem, but something has been edited. Note that the program does not allow a 0 trace number  this can be changed. Note to M: ask Larry if he want this changed.)

("The first DIFFERENCE FROM PREVIOUS should be the default *****. In the indicated file something else was found. The file either ended prematurely or the user edited the file in this position. Re-edit file indicated in ERROR REPORT box.")

"A DIFFERENCE FROM PREVIOUS value in the indicated file was read in as a character. The file either ended prematurely or the user edited the file in this position. Re-edit file indicated in ERROR REPORT box."

"There is additional numeric data in the position that should read FILE_END.  Re-edit file indicated in ERROR REPORT box."

"Program has completed making MRK files."

INPUT PARAMETERS

Note on program: the user can select to input parameters for Align Profiles, Make XYZ files or both (none of the other programs input parameter data except GPR Slice). The user can also (separately) decide to write these parameters to the GPR_Input.txt file. The program knows these selections so error messages reflect this. For example the user will not be told to select x- or y- profiling if they only requested to input Align Profile parameters.

"You must provide the working directory"


(See Align Parameters for extra info on this message and the next)

"The working directory you provided is actually the full path for a file. Just provide the directory path."

"You have left the file Root empty. You must provide the root or return to the main menu and proceed through all the programs."

"You have left the file number range at 0-0. You must provide this range or return the main menu and proceed through all the programs."

(File range refers to the smallest and largest number before .DZT for the files selected. Note to M: remove second the.)

The first file number is greater than the last. This is not allowed.

"You must select x- or y-profiling.

"You have left the Min-Max range at 0-0. If you have XYZ and MRK files in your output directory, this will only affect the default parameters in SLICE. If you do not have XYZ and MRK files, run programs 2 through 4."

"The XYZ parameters that you just entered will be used for this program run. According to internal tracking, these modifications have been appended to the already complete input file. To overwrite the previous XYZ parameters, see GPR_InputExample.txt in the c:\GPR_Input directory."


(See comments in Make XYZ Files for the same error message.)

"Data input complete. Please double-check all values before proceeding."

GPR Slice

Submit parameters

"Submission successful."

(Nothing can really go wrong here. Parameter inconsistencies are checked in Check Parameters) 

Check Parameters

(Some of the constraints below are obvious, other are imposed by the GPR Slice program. Note to M: change GetParameters to Check Parameters or nothing)

"GetParameters(): Check successful.",

"GetParameters() ERROR: X: Inappropriate values for first, last, or columns.",

"GetParameters() ERROR: X: There must be at least two columns.",

"GetParameters() ERROR: Y: Inappropriate values for first, last, or rows.",

"GetParameters() ERROR: Y: There must be at least two rows.",

"GetParameters() ERROR: Z: Inappropriate values for first, last, or layers.",

"GetParameters() ERROR: Z: There must be at least two layers.", "GetParameters() ERROR: search box X size must be > 0",

"GetParameters() ERROR: search box Y size must be > 0",

"GetParameters() ERROR: search box Z size must be > 0",

"GetParameters() ERROR: unable to open a data file from the input list.",

 "GetParameters() ERROR: unable to open a XYZ file from the input list.",

"GetParameters() ERROR: unable to open a MRK file from the input list.",

"GetParameters() ERROR: there must be at least one input file.",

Gpr_slice complete") ;

Gpr_slice returned with errors.") ;

"There is insufficient memory to complete data allocation."

"Check successful.")

Comments Written on Program Interfaces

Align Profiles

On completion of MULTIPLE CYLCES OF ALIGN PROFILES, check provided first 

and last file numbers and review any ERROR MESSAGES.

Make Mrk for edit

This program creates a file with a MEDT extension for each DZT file you 

included in your final grid. The purpose of the MEDT files is to facilitate the production of the MRK files. A MRK file is a list starting with the number of marks in the corresponding 

DZT file. The trace number of each of the marks is then given in sequential order.

Each MEDT file reports both the number of marks expected and the number 

found in the give DZT file. To make the data easy to interpret, the marks are sequentially labeled with the trace number and traces between marks provided.

You should review each MEDT file and follow the instructions given 

in the file for editing them if necessary. Only those files that meet the specified standard can be edited by the MRK program to create MRK files. 

If you do not edit the MEDT files ahead of time, the MRK program will 

flag the files if they require editing.

Make MRK files

This program generates MRK files from the MEDT files made in the Make MRK Files for Edit program. Before using this program you MUST have edited at least those MEDT files that were listed on the completion of that program. 

