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Introduction

Overview and Installation

The computer software described in this report is designed for processing ground penetrating radar (GPR)
data on Intel-compatible personal computers running the MS-DOS operating system or MS Windows
3.x/95/98/ME/2000. The earliest versions of these programs were written starting in 1990. At that time,
commercially available GPR software did not meet the processing and display requirements of the USGS.
Over the years, the programs were refined and new features and programs were added. The collection of
computer programs presented here can perform all basic processing of GPR data, including velocity
analysis and generation of CMP stacked sections and data volumes, as well as create publication quality
dataimages.

This open-file report is available in PDF format is at
http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/ .

There are subdirectories that contain the source code, libraries, executables, documentation, and support
files.

http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/docs
http://greenwood.cr.usgs.gov/pub/open-fil e-reports/ofr-02-0166/exampl es
http://greenwood.cr.usgs.gov/pub/open-fil e-reports/ofr-02-0166/exe
http://greenwood.cr.usgs.gov/pub/open-fil e-reports/ofr-02-0166/hershey
http://greenwood.cr.usgs.gov/pub/open-fil e-reports/ofr-02-0166/lib
http://greenwood.cr.usgs.gov/pub/open-fil e-reports/ofr-02-0166/source

There is no specia installation procedure for this software. Simply copy the directories, or the individual
files, to your storage medium. For the programs that utilize graphic display, the "hershey" directory must
reside in the root directory on the drive that the program is being executed on.

Disclaimer

This open-file report was prepared by an agency of the United States Government. Neither the United
States Government nor any agency thereof nor any of their employees makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed in this report or represents that its use would not
infringe privately owned rights. Reference therein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise does not constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof.

Although all data and software in this open-file report have been used by the USGS, no warranty,
expressed or implied, is made by the USGS as to the accuracy of the data and related materials and (or)
the functioning of the software. The act of distribution shall not constitute any such warranty, and no
responsibility isassumed by the USGS in the use of these data, software, or related materials.

Registered trade names such as Microsoft, Windows, Intel, MS-DOS, etc., are used for referencein
context and do not necessarily imply endorsement by the U.S. Geological Survey.


http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/
http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/docs
http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/examples
http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/exe
http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/hershey
http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/lib
http://greenwood.cr.usgs.gov/pub/open-file-reports/ofr-02-0166/source

These programs are distributed "asis'. There are certain to be "quirks" and "bugs' in some of the
software. Y ou can report "bugs' by email to us (lucius@usgs.gov and mhpowers@usgs.qov).

System Requirements

All of the programsin this suite are protected-mode M S-DOS programs that execute within the DOS
operating system or within a DOS window (or console) in Microsoft Windows 3.x/95/98/M E/2000. We
have not tried the software in Windows XP. These programs will not execute within a consolein
Windows NT. The software requires that the computer have a 386, 486, or Pentium Processor, a math co-
processor, and at least 4 megabytes (MB) or RAM. Sixty-four MB or more of RAM is recommended
along with alarge-capacity hard drive.

These programs force the computer's CPU to work in “protected mode” so that all memory up to 64 MB
can be utilized, not just the 1 MB that DOS normally has accessto. If an error message occurs when
trying to run a program it may be because the requested amount of “protected mode” RAM memory (the
region size) is set too low for the program, or the requested region size is more than what is available on
the computer. Use the program MODXCONF.EXE, which should be distributed with this software, to
adjust the region size.

NOTE: Files used by this program must follow the naming conventions required by early versions of
MS-DOS. Filenames can be only eight characters long, with no embedded spaces, with an optional
extension of up to three characters. This program will run in a Windows console where filenames do not
have to follow this convention. Unexpected results may occur if input file names, including the CMD file,
are longer than 8 characters. For example, both command files procfile.cmd and procfilel.cmd will be
seen as procfile.cmd to a DOS program.

List of Programs by Function

Viewing Data

fieldvew.exe GPR datafile viewer

gpr_disp.exe displays data files, saves graphics image suitable for publication
File Information

gpr_info.exe displays selected information about afile

gpr_rhdr.exe displays al header information

s10_edhr.exe edits selected fieldsin a GSSI DZT file header

GPR Support

bandpass.exe shows the result of bandpass filtering atrace (graphical output)
intrpxyz.exe interpolates between XY Z points

make_mrk.exe createsaMRK file

make xyz.exe createsa XYZ file

modxconf.exe changes memory requirements of these EXE programs
s10_mrks.exe finds and saves marker locations from a GSSI DZT file
showfont.exe displays one of the available graphics fonts (graphical output)
spectra.exe shows the amplitude spectra of atrace (graphical output)

Data Conversion and Channel Separation
gpr_conv.exe convertsfile storage format
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Data Processing

gpr_cmpg.exe creates a CMP stacked section from multi-offset data
gpr_samp.exe resamples data traces

gpr_proc.exe processes many files at once

gpr_stak.exe condenses afile by stacking

gpr_xfrm.exe transforms data collected equally in time to equally in space
gpr_xsu.exe same as gpr_xfrm except output format is SU

Non-processing Manipulation

gpr_cnds.exe condenses a file by extracting a section and/or skipping traces
gpr_diff.exe subtracts one file from another

gpr_join.exe splices two or more files together

gpr_rev.exe reverses trace sequence

Velocity Analysis

gpr_velaexe performs NMO and velocity analysison CMP data

Volume Generating/Sicing
gprslice.exe generates avolume or slices of GPR information

Program Execution

The programs are started from the DOS command line. Except for FIELDVEW, thereis no "graphical”
user interface. Many of the simpler programs get their input variables from the user on the DOS command
line. The more complicated programs require the user to enter information in a command, or keyword,
file that is submitted to the program on the command line. In al cases, type only the program name on the
command line and press <Enter> to get a usage message, which describes briefly what the program does
and what type of input it requires. If you want to see how the program does what it does, the source code
isincluded in this report. Y ou should be able to recompile the non-graphical programs. If you need to
recompile agraphical program contact the author.

Rules for making keyword files

1. Only one keyword can be used per line. Keywords vary from one program to another. Only valid
keywords for the program being used are recognized.

2. Keywords can be upper, lower, or mixed case; it makes no difference which case you use.

3. Only lines with an equal sign and the valid (and correctly spelled) keyword to the left of the equal sign
will beused. All OTHERS ARE IGNORED (except for sets of numbers, see 11, 12, and 13 below).
Blank lines are ignored everywhere (also see 6, 7, and 10 below).

4. Numeric values assigned to keywords must be a single number. Mathematical operations, such as 5+2,
are not recognized. DO NOT insert acomma in a number. For example, use 1234 not 1,234. DO NOT
place quotes on either side of a numeric entry.

5. Equal signs do not have to line up.

6. Spaces areignored (and removed) except those within strings and sets of numbers.

7. A semicolon begins a comment, except within strings. Text and numbers after a semicolon are ignored.

8. Strings must be enclosed in double quotation marks.

Examples. use_ mark_file="TRUE"
use xyz file="FALSE"
dat_infilename ="filel.dzt"
EXCEPTION: Do not enclose file names in the input and output lists in quotes (see 13 below).
9."TRUE" equals 1. "FALSE" equals 0. "INVALID_VALUE" equals 1.0E19.
10. Lines should be less than 160 characters long (characters past 159 are ignored).



11. Keywords can be given in any order, except the num_... keywords, which must precede the arrays, or
sets of numbers, they are describing.
12. Keywords that expect sets of dataend in square brackets. The data is added after the equal sign after
the bracket, not in the brackets.
13. Sets of numbers or strings must be separated by a space or the "new line" characters (i.e. acarriage
return/line feed pair, CR/LF, generated by pressing <Enter>).
Example: num_input_files=8
input_filelist[] = filel.dzt file2.dzt file3.dzt filed.dzt
file5.dzt file6.dzt file7.dzt file8.dzt
Example: num_input_files=8
input_filelist[] =
filel.dzt file2.dzt file3.dzt filed.dzt
file5.dzt file6.dzt file7.dzt file8.dzt
Example:  num_input_files=8
input_filelist[] = filel.dzt file2.dzt
file3.dzt filed.dzt
file5.dzt file6.dzt
file7.dzt file8.dzt

14. Almost all values have defaults except for the input and output data filenames. At least one filename
must be specified in each command file.

15. Parameters or commands may appear more than once, but usually only the last instance is preserved
(i.e., earlier values are lost or written over).

Documentation

The computer programs are listed below aphabetically. There are separate filesin the "Docs' folder of
this report for some of these programs. The information is the same as presented here but may be more
convenient for printing.

BANDPASS

Version: 2.00

Last revision date: 5-1-2001

Description: Displays one GPR trace before and after band-pass filtering. Warning: thisis acrude
program. Only single-channel files are displayed properly.

U_sagg: BANDPASS filename file_hdr trace_hdr samp_bytes num_samps num samp_rate low_freq high_freq
[plotfile]

Regquired command line arguments;

filename - The name of theinput GPR file.
file_hdr - The number of bytesin the header at the start of thefile. Enter O for no header.
trace_hdr - The number of bytesin each trace header. Enter O for no header.

samp_bytes - The number of bytesin each scan sample. Use 1 for 8-bit data, 2 for 16-hit data,
and 4 for 32-bit data. Only unsigned integer input is accepted (DT1 and SGY files

are not displayed properly).
num_samps - The numbers of samplesin one trace.
num - The GPR scan to use from the file.
samp_rate - The number of nanoseconds per trace sample.
low_freq - Frequency in MHz (enter 200 for 200 MHz). Frequencies below this value are

removed. Vaueislimited to be between the Nyquist (highest) and fundamental
(lowest) frequencies.



high_freq - Freguency in MHz (enter 200 for 200 MHz). Frequencies above this value are
removed. Vaueislimited to be between the Nyquist (highest) and fundamental
(lowest) frequencies.
Optional command line arguments (do not include brackets):
plotfile - The name of afile to store the screen image in. The storage format isHP PLT
(line draw). If not given then output isto the CRT only.

Examples:
bandpass filel.dzt 1024 0 2 512 123 0.25 200 900
bandpass filel.dzt 1024 0 2 512 123 0.25 200 900 filel.plt

FIELDVEW
Version: 1.0
Last revision date: 4-19-2000
Description: FIELDVEW is an interactive graphics program that displays GPR data and performs simple
hyperbolic curve fitting.
ngglg FIELDVEW filename [-gxxx First last -y]
Required command line arguments:
filename
Optional command line arguments (do not include the square brackets):

-gXXX This option defines the CRT video mode to use to display the data. If possible, let
the program determine the best graphics mode to use. Otherwise, select from the
following VESA modes.

18 640x480xx16
20 320x240x256
257 640x480x256
259 800x600x256
261 1024x768x256

first Use this option to select a subset of traces from the file. Replace "first" with the
trace number from the file. Traces are indexed from O (that is, the first trace in the
fileistrace0).

|ast Use this option to select a subset of traces from the file. Replace "last” with the
trace number from the file. Traces are indexed from O (that is, the first trace in the
fileistrace0).

-y Add this option to read SEG-Y files.

Examples:
fieldvew filel

fieldvew filel.dzt

fieldvew filel.sgy -y

fieldvew filel.dtl 50 275
fieldvew filel.dzt —g259
fieldvew filel.dxt —g257 50 275

GPR_CNDS

Version: 1.00
Last revision date: 8-11-1997
Description: GPR_CNDS reduces the size of digital ground penetrating radar data by eliminating traces.
A beginning trace and end trace must be specified and, optionally, the number of traces to skip for every
one read. The following computer storage formats are recognized: GSSI SIR-10A version 3.x to 5.x,
Sensors and Software pulseEKKO, and SEG-Y.
LJ§§Q§ZGPR_CNDS in_filename out_filename start end [skip /d /b]
Required command line arguments:

in_filename - The name of theinput GPR datafile




out_filename - The name of the output GPR datafile

start - Thefirst trace to use from the file (indexed from 0). If -1, then start with the first
tracein thefile.
end - The last trace to use from the file (indexed from 0). If -1, then end with the last

tracein thefile.
Optional command line arguments (do not include brackets):

skip - The number of tracesto skip for every one saved. Markers are preserved for
DZT files. Trace numbers are updated for DT1 and SGY files.
/d - turn debugging on
/b - turn batch processing on (only channel 0 available for DZT files)
Examples:

gpr_cnds filel.dzt newfilel.dzt -1 -1
gpr_cnds filel.dzt newfilel.dzt -1 -1 2
gpr_cnds filel.dzt newfilel.dzt 53 870 0 /b

GPR_CMPG

Version: 1.01.10.02

Last revision date: 1-10-2002

Description: GPR_CMPG performs a CMP (common midpoint) gather of GPR traces along a single radar
line. Each GPR file must contain one set of traces at equal spacing with afixed offset (common offset
gathers). All GPR files for the single line must contain the same number of traces. Once al the filesare
read and the data are re-sorted into common midpoint gathers, a constant-velocity normal moveout
(NMO) correction is performed. A mute is applied. Then the gather is stacked. The CMP stacked section
(for the radar line) is saved to disk asthefirst "grid" in aDZT radar file. The remaining "grids" will be the
individual CMP gathers and then the individual CM P gathers after NMO correction and muting.

GENERATING THE CMP STACKED SECTION

For a subsurface model that consists of constant-velocity, horizontal layers, the travel-time curve (from
the transmitting antenna to alayer and back to the receiving antenna) as a function of offset (whichisthe
distance between antennas) is a hyperbola. The differencein travel time between zero offset and some
other offset is called the normal moveout (NMO). The NMO correction is the subtraction of the
appropriate NM O time from every samplein atrace.

A common midpoint (CMP) GPR record is required to perform the NMO correction. A GPR CMP record
(or gather) is one in which the each trace in the record is from two antennas that are positioned equally
and oppositely from a central point at uniformly increasing distances. When the correct NMO velocity is
used, the hyperbolic shape of a horizontal reflector in a CMP record turns into aflat reflector. See Yilmaz
(1987) for details.

The GPR files used as input for this program must be common offset files. That means that the antennas
have the same separation in each file. In addition, the stations must be spaced the same (for example, 0.05
m between each station in every file) and there must be the same number of stationsin each file. The
antenna separation (the offset) must increase the same amount from one file to the next, with the first file
read having the smallest offset.

After all filesareread in, the traces are sorted into CMP gathers, where al traces have the same midpoint.
An NMO correction for one velocity is applied to all the gathers with a mute.

Here isthe genera algorithm used to perform the NMO correction.



- For the selected velocity (m/ns)
- Square the velocity; [V?]
- For every trace in afile
- Calculate the offset (meters) of that trace; [X]
- Square the offset and divide by the square of the velocity; [X?/V?]
- For every samplein atrace
- Calculate the travel time (ns) at the sample and square the value; T?
- Calculate the NMO time, Tnmo = SQRT(T? + X%/V?)
- Get the amplitude values for the samples on either side of the NMO time
- Linearly interpolate to the get the amplitude for the NMO time; AMPnmo
- Change AMPnmo to the median value if > the mute limit = [(Tnmo-T) / T]
- Assign the AMPnmo to the current sample
- If every sample has been muted then give a special mark to trace

Theinput to this program isa"CMD" file, an ASCII text file containing keywords (or commands) which
are discussed in a section below. There is no graphic display of the data. To display the converted data,
use programs such as GPR_DISP.EXE or FIELDVEW.EXE. If you need to select a subset of traces from
afile or change the number of samples per trace then use GPR_SAMP.EXE.

THE KEYWORDS

Following isthelist of keywords and their default values. The documentation format is:

"KEYWORD: keywor d = default value".

Look at GPR_CMPG.CMD as an example command file with correct usage and default keyword values.
Thefile GPR_CMPG.CMD has most comments stripped out, and GPR_CMPG.CM _has al comments
removed.

khkkkkkhkkkkhkkhkhkhkkkhkkhkhkhkkkkhkkhkkhkkhkx*x PROGRAM CONTROL kkkkhkkhkkkkkhkkhkhkkkkkhkkhkhkhkkkkkhkhkkhkkkkkkx*%x

KEYWORD: batch ="FALSE"

Place program in batch mode (no pauses) if "TRUE". If set to "FALSE", the program will pause after the
keyword values are displayed and ask if you want to continue. After the data are processed, the program
will end automatically.

KEYWORD: display_none = "FALSE"
Set to "TRUE" to suppress displaying keyword values when program starts up.

khkkhkkhkkhkhkkhkhkkhkkhkhx*k SPECIFICATION OF INPUT AND OUTPUT DATA khkkkhkkhkhkhkkhkkhhkhkhk*k
Recognized storage formats are:
DZT - GSSI SIR-10A version 3.x to 5.x, only

KEYWORD: num_input_files=0

Replace the 0 with the number of files you wish to process. There must be three or more input files. There
isno set limit to the number of files.

Here are some examples; they would all be read in the same.

KEYWORD: input_filelist[]

Add an equal sign, =, then list the filenames after the brackets. The list can extend across multiple lines.
Input filenames can occur more than once in the input list but cannot appear in the output list (order-wise)
after they appear in the input list.
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input_filelist[] = filel.dzt file2.dzt file3.dzt filed.dzt file5.dzt

input_filelist[] =
filel.dzt file2.dzt file3.dzt filed.dzt file5.dzt

input_filelist[] = filel.dzt
file2.dzt file3.dzt
filed.dzt file5.dzt

input_filelist[] =
filel.dzt
file2.dzt
file3.dzt
filed.dzt
fileb.dzt

KEYWORD: dzt_outfilename =""

Thisisthe output GPR binary data file name that will contain the results of CMP procedures and the
CMP stacked section. Thisfile contains several "groups' of GPR data.

group 1 = the CMP stacked section.

group 2 =the CMP gathers.

group 3 =the CMP gathers with the NMO correction and a mute.

The comment string in the file header notes how many traces are in the section and in each gather. It also
notes the time-zero sample, the mute, positioning information, and antenna offsets. GPR_RHDR will list
the information in the file header.

KEYWORD: channel =1

Thisisthe channel to usein multi-channel data sets. GSSI data can have up to 4 channels (channel =1, 2,
3, or 4). This keyword applies to multi-channel GSSI DZT files only. Note that output files are single-
channel only.

KEYWORD: offset_first =0
Thisisthe distance in meters that separates the antennas for the first file.

KEYWORD: offset_incr =0
Thisisthe uniform distance in meters the antenna separation is increased for each file.

KEYWORD: pos_start =0
Thisisthe horizontal location in meters of the first trace in every file. It is assumed to be mid-way
between the antennas.

KEYWORD: pos step =0
Thisis the uniform separation between tracesin every file.

KEYWORD: samp_first =0
Thisis the sample number that represents time-zero, or the sample at which the transmitter fired. Samples
areindexed from O (that is, the first sample at the start of the trace is sample 0).

*khkkkkkhkkhkkhkkhkkkkhkkkkik SPEC' FICATION OF NMO PARAM ETERS khkkkkhkkhkkhkhkkhkkhkkhkkhkkhkkhk*k
KEYWORD: velocity = 0.0
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Thisisthe NMO velocity in meters per nanosecond (m/ns). The valid rangeis 0.01 to 0.30 m/ns.

KEYWORD: mute= 0.0

Thisisthe stretch percentage where muting starts (that is, all samplesin the trace are assigned the median
value)

Example: mute = 50 means the maximum stretch, equal to (Tnmo-To)/To, alowed is0.5.

kkhkkkkkkkkkkkkhkkhkkhkkhkkkx SPECI FICATION OF RANGE GAIN kkhkkkkkkkkkkkhkhkkhkkkhkkkkkkk*k
Because signal strength is often greatly reduced at longer offsets between antennas, it is useful to increase
the gain if the traces. The gain below is applied to only a subset of the traces and their samples. The gain
is given as decibels. Sometimesit is useful to have the bottom gain (rg_on[1]) less than the top gain
(rg_on[0]). The gained block of samples can also be dlid down each trace to mimic the moveout.

KEYWORD: rg_start_trace=0
Start the gain at this trace (goes to last trace).

KEYWORD: rg_start_samp =0
Start the gain at this sample on first trace.

KEYWORD: rg_stop_samp =0
Stop the gain at this sample on first trace.

KEYWORD: rg_step =0
Move start and stop samples down by this much for every trace after the start trace.

KEYWORD: rg num_on=0
Only 0 (no gain) or 2 (gain) are allowed.

KEYWORD: rg_on[0] =0
Thisisthe gain for the top sample in the block (rg_start_samp). The valueisin decibels (dB); 6 dB =
2X; 12 dB = 4X; etc.

KEYWORD: rg on[1] =0
Thisisthe gain for the bottom sample in the block (rg_stop_samp). The value isin decibels (dB).

Usage: GPR_CMPG cmd_filename
Required command line arguments:
cmd_filename - The name of the keyword file.
Optional command line arguments (do not include brackets): none

Examples:
gpr_cmpg gfilel.cmd

GPR_CONV

Version: 2.08.01.01

Last revision date: 8-1-2001

Description: GPR_CONYV converts digital radar data from one storage format to another. It can also
separate out one channel from multi-channel DZT files. The input to this programisa"CMD" file, an
ASCII text file containing keywords (or commands) which are discussed in a section below. Thereis no
graphic display of the data. To display the converted data, use programs such as GPR_DISP.EXE or
FIELDVEW.EXE. If you need to select a subset of traces from afile or change the number of samples per
trace then use GPR_SAMP.EXE.
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THE KEYWORDS

Following isthelist of keywords and their default values. The documentation format is:

"KEYWORD: keywor d = default value".

Look at GPR_CONV.CMD as an example command file with correct usage and default keyword values.
The file GPR_CONV.CMD has most comments stripped out, and GPR_CONV.CM _ has all comments
removed.

khkkhkkhkkhkkhkkkhkhkhkhkkhkhkhkhhkhkkhkhkhhkx*x PROGRAM CONTROL kkkkhkhkkkkkhkhkhkhhkkhkhkhkhhkkhhkhkhkkkkkxkxkx

KEYWORD: batch = "FALSE"

Place program in batch mode (no pauses) if "TRUE". If set to "FALSE", the program will pause after the
keyword values are displayed and ask if you want to continue. After the data are processed, the program
will end automatically.

*kkhkkkkkkkkhkkkhkkkhkkkhkk*k SPECI FICATION OF INPUT AND OUTPUT DATA kkhkkkhkkkhkkkhkkhkkhkkkhkkkkk*k
Many datafiles can beread in, but at least one must be given. The data storage format is determined by
inspecting thefile. If the program cannot recognize one of the three storage formats below then that fileis
skipped. Data must be stored in a binary format. This program cannot read GPR data stored in text files.

Recognized storage formats are:
DZT - GSSI DZT file
DT1 - Sensors & Software pulseEKKO file with a matching HD text file
SGY - SEG SEG-Y format

DT1 and HD files are assumed paired, i.e. both have the same filename with different extensions. So, if a
datafilewitha".DT1" extension is specified, the ".HD" filename will be assumed. Only DT1/HD files
must have those filename extensions. See below for information on how to read other storage formats.

KEYWORD: num_input_files=0

Replace the 0 with the number of files you wish to process. Thereis no set limit to the number of files.
There must be the same number of output asinput files. The first output file corresponds to the first input
file.

KEYWORD: input_filelist[]

Add an egqual sign, =, then list the filenames after the brackets. The list can extend across multiple lines.
Input filenames can occur more than once in the input list but cannot appear in the output list (order-wise)
after they appear in the input list. Any combination of recognized or user-defined storage formats may be
used.

KEYWORD: output_filelist[]

Add an equal sign, =, then list the filenames after the brackets. The list can extend across multiple lines.
Output filenames cannot occur more than once in the output list (that is, all names must be unique). The
output storage format is determined from the output filename extension. "DZT" files are stored in the
GSSI "DZT" format. "DT1" files are stored in the paired Sensors & Software binary- and text-file
formats. "SGY" files are stored as SEG SEG-Y files using Sensors & Software format for the reel header.
Any combination of recognized storage formats may be used.

Here are some examples; they would all be read in the same.

input_filelist[] = filel.dzt file2.dzt file3.dzt filed.dzt file5.dzt
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input_filelist]] =
filel.dzt file2.dzt file3.dzt filed.dzt file5.dzt

input_filelist[] = filel.dzt
file2.dzt file3.dzt
filed.dzt file5.dzt

output_filelist[] =
filelc.dzt
file2c.dzt
file3c.dzt
filedc.dzt
filebe.dzt

KEYWORD: channel =1

Thisisthe channel to use in multi-channel data sets. GSSI data can have up to 4 channels (channdl = 1, 2,
3, or 4). For pulseEKKO, RAMAC, and SEG-Y data, which contain only 1 channel, this keyword is
ignored. Note that output files are single-channel only.

i NOTE sttt

IF the GPR format DOES NOT CONFORM to any of the recognized formats then the next six parameters
(other_format, file_header_bytes, trace_header bytes, samples per_trace, total_time, and input_datatype)
MUST be specified. Otherwise, IGNORE THEM. Y ou can use GPR_INFO.EXE to report the basic
information for recognized storage formats.

KEYWORD: other_format = "FALSE"
Replace with "TRUE" if you want to use the next five parameters to specify the input format.

KEYWORD: file_header_bytes=0

Replace with number of bytesin the file header. pulseEKKO data files do not have afile header - the
information is held in another file with a .HD extension. GSSI files have either a 512-byte (old style) or
1024-byte (current style) header. However, DZT files can have up to 4 file headers - one for each channel.
SEG-Y files have a 3600-byte header. RAMAC data files have no file header.

KEYWORD: trace_header_bytes=0

Replace with number of bytesin each trace header. For pulseEKK O files, a 128-byte header precedes
each GPR trace. For GSSI files, no header precedes each trace, but the first 2 samples (not necessarily
bytes) are reserved. SEG-Y files have a 240-byte trace header. RAMAC datafiles have no trace headers.

KEYWORD: samples per_trace=0

Replace with the number of samples per trace. For pulseEKK O data, the number of samples per traceis
recorded in the HD file (NUMBER OF PTS/TRC). For GSSI data, the number of samples per traceisa
power of 2, from 128 to 2048, typically 256, 512, or 1024. The information is recorded in the DZT file
header in the rh_nsamp field. For RAMAC files, the RAD text file records the number of samples. For
SEG-Y files, look in the comment area of the file header.

KEYWORD: total_time=0
Replace with the total number of nanoseconds per trace. For pulseEKK O data, look at the "TOTAL TIME
WINDOW" field in the .HD file. For GSSI data the value is recorded in the file header. For SEG-Y files,
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look in the comment area of the file header. For RAMAC files, the TIMEWINDOW parameter records
the time per trace in microseconds (multiply by 1000 to get ns).

KEYWORD: input_datatype = 0
This defines the type of input data element. Replace with one of the following element types:

1 for 1-byte signed characters

—1 for 1-byte unsigned characters (GSssI)

2 for 2-byte signed short integers (pulseEKKO, RAMAC, SEG-Y)
-2 for 2-byte unsigned short integers (GSssI)

-5 for 2-byte unsigned short integers, but only first 12-bits used

3 for 4-byte signed long integers (SEG-Y)

-3 for 4-byte unsigned long integers

-6 for 4-byte unsigned long integers, but only first 24-bits used
4 for 4-byte floats (SEG-Y)

8 for 8-byte doubles

For example: 8-bit GSSI data are unsigned characters (values from 0 to 255), use -1 for input_datatype.
Use -2 for 16-bit GSSI data (values from 0 to 65535). pulseEKKO and RAMAC data are typically 16-bit
signed integers (values from -32768 to 32767), use 2 for input_datatype. For SEG-Y data, the
input_datatype can be 2 (signed short integers), 3 (signed long integers), or 4 (4-byte floating point reas).
Datatypes are stored in the file header of DZT and SGY files. PulsesEKKO and RAMAC do not record
the data type.

HitHHHHEA NOT E HHHHHHHH
Floating point input data are not supported at this time.

khkkhkkhkkhkkhkhkkhkhkkhhkkhkkhx*k SPECIFYING OPTIONAL INPUT FILES**********************
These are additional input ASCII datafile names that are optional.

KEYWORD: use mark_file="FALSE"

Set to "TRUE" to add marked traces to the output file. The "mark" file must have the same filename as
the input file but with the "MRK" file extension. There must be aMRK file for every input file if this
keyword is set to "TRUE".

Hereisan example MRK file containing marked trace locations.
3
104
256
897

KEYWORD: use xyz file="FALSE"
This keyword is not implemented at thistime. It has no functionality.

Hereis an example XY Z file containing X, Y, and Z locations of the marked traces:
3

10.0 10.0 293.456

20.0 10.0 294.567

30.0 10.0 295.678

kkhkkkkkkkkkkkkkkkkhkkk OP‘I’IONAL FORCI NG OF OUTPUT DATATYPE khkkkkkkhkkhkkhkkhkkkkkkk*k
KEYWORD: output_datatype=0

This program will select the output data type (signed or unsigned integers) based on the chosen storage
format. PulseEKK O will always be 16-bit signed integers. GSSI data will default to 16-bit unsigned
integers. SEG-Y datawill default to the input data type converted to signed if necessary. This parameter
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will override these default datatypesif it is allowable by the storage format. Leave the value at 0 to use
the default.

1 for 1-byte signed characters

-1 for 1-byte unsigned characters (GSsI)

2 for 2-byte signed short integers (pulseEKKO, RAMAC, SEG-Y)
-2 for 2-byte unsigned short integers (GSssI)

-5 for 2-byte unsigned short integers, but only first 12-bits used

3 for 4-byte signed long integers (SEG-Y)

-3 for 4-byte unsigned long integers

-6 for 4-byte unsigned long integers, but only first 24-bits used
4 for 4-byte floats (SEG-Y)

8 for 8-byte doubles

Choices are limited as follows by the output storage format:

GSSI1 DZT files: -1 or -2 (default = -2)

pulseEKKO DT1 files: 2 (only 2 allowed)
SEG-Y SGY Tfiles: 2, 3, 4, or 8 (only 2 allowed)
RAMAC RD3 files: 2 (only 2 allowed)

khkkhkkhkkhkkhkkhkkhkhkkhkkkk OPTIONAL ADDITIONAL HEADER INFORMATION khkkkkhkhkkhkkhkkhkhkhkhk*x
These keywords are optional - but supply useful information that may be stored with the output GPR data
depending on storage format. Many of these values can be determined from the GPR data information
header/file. Most of the time the values stored in the info header/file will override these values.
Exceptions are noted.

KEYWORD: timezero_sample=0
The"time zero" is at this sample number.

KEYWORD: traces per_sec=0.0
Thisisthe number of traces recorded per second.

KEYWORD: number_of stacks=1
Thisisthe number of traces stacked to make one recorded trace.

KEYWORD: nominal_frequency =0
Thisisthe nominal frequency of antennain MHz.

KEYWORD: pulser_voltage=0.0
Thisisthe transmitter voltage.

KEYWORD: antenna_separation = 0.0
Thisis the distance between the Tx and Rx antennas.

KEYWORD: antenna_name =""
Thisisthe antenna serial or model number, frequency, etc. Up to 15 characters are accepted.

KEYWORD: traces_per_meter = 0.0
Thisisthe number of traces recorded per meter.

KEYWORD: meters per_mark =0.0
Thisisthe number of meters between tick markers.

KEYWORD: starting_position = 0.0
Thisisthe position of first trace in user units.
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KEYWORD: final_position = 0.0
Thisisthe position of last trace in user units.

KEYWORD: position_step_size=0.0
Thisisthe distance between traces in user units.

KEYWORD: position_units=""
Thisis"feet", "inches', "meters’, etc. Up to 15 characters are accepted.

KEYWORD: year_created =0
Thisisthe year the data were collected, example: 1995.

KEYWORD: month_created =0
Thisis the month the data were collected. Use numbers from 1 to 12; 1=Jan, 2=Feb, etc.

KEYWORD: day_created =0
Thisisthe day the data were collected. Use numbers from 1 to 31.

KEYWORD: hour_created =0
Thisisthe hour the data were collected. Use numbers from O to 23.

KEYWORD: minute created =0
Thisis the minute the data were collected. Use numbers from 0 to 59.

KEYWORD: hum_gain_pts=0
Thisisthe number of values that follow the gain_ptg[] keyword below. It must be greater than or equal to
two.

KEYWORD: gain_ptd[] =
These are the gain values (in dB) separated by spaces.

KEYWORD: text =""

Text or comment information can be added to the header. Input in the CMD file can be multi-line. A
maximum of 640 charactersis accepted. For GSSI DZT files, thisfield corresponds to the text area of the
file header and will overwrite any text from an input DZT file. For S& Sfiles, thisfield corresponds to
the 1 or 2 records before the date at the start of the HD file. For SEG-Y files, this field corresponds to the
1 or 2 records before the date at the start of the ASCII section of the file header. For S& S and SEG-Y
files, the maximum entry is 2 lines. For SEG-2 files, these strings will be assigned to the NOTE keyword
in the File Descriptor Block String Sub-block.

KEYWORD: proc_hist =""

Processing history information can be added to the header. Input in the CMD file can be multi-line. A
maximum of 640 characters is accepted. For GSSI DZT files, the processing history isin coded binary, so
this field does not apply. For S& Sfiles, thisfield corresponds to the records after the "SURVEY MODE
=" record in the HD file. For SEG-Y files, thisfield corresponds to the records after the "SURVEY
MODE =" record in the ASCII section of the file header. If converting from DZT format to DT1, or SGY
the coded DZT processing history will be decoded to text strings.

KEYWORD: survey_mode =""
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Thisis data collection mode such as "reflection”, "transmission”, "WARR", etc. Up to 31 characters are
accepted.

KEYWORD: nominal_RDP = 0.0
Thisisthe average relative dielectric permittivity. Thisvalueif greater than O, will override input file
value.

Usage: GPR_CONV cmd_filename
Required command line arguments:
cmd_filename - The name of the keyword file.
Optional command line arguments (do not include brackets): none

Examples:

gpr_conv cfilel.cmd

GPR_DIFF

Version: 1.00
Last revision date: 8-11-1997
Description: GPR_DIFF subtracts/adds one digital ground penetrating radar data set from/to another one.
Both data files must have the same number of traces, one channel, the same number of samples per trace,
the same sample rate (timeinterval between samples), and the same storage format. Information from the
first file header is used for the output file header - if applicable, modification date, comments, and
processing history are changed. The following computer storage formats are recognized: GSSI SIR-10A
version 3.x to 5.x, Sensors and Software pulseEKK O, and SEG-Y.
LJ§§Q§ZGPR_DIFF in_filenamel in_filename2 out_filename [/a /b /d]
Required command line arguments:

in_filenamel - The name of thefirst input GPR datafile.

in_filename2 - The name of the second input GPR datafile.

out_filename - The name of the output GPR datafile. "in_filename2" is subtracted from

"in_filenamel".
Optional command line arguments (do not include brackets):
la - Add the data sets instead of the default which is to subtract them.
/b - Turn batch processing on.
/d - Turn debugging on.

Examples:
gpr_diff filel.dzt file2.dzt filediff.dzt

gpr_diff filel.dzt file2.dzt filediff.dzt /a
gpr_diff filel.dzt file2.dzt filediff.dzt /b

GPR_DISP

Version: 2.11.06.01

Last revision date: 11-6-2001

Description: GPR_DISP displays one or more ground penetrating radar (GPR) filesto the CRT as an 8-bit
gray-scale image or as wiggle traces and optionally saves the display to disk as an Encapsul ated
PostScript (EPS) file or asa PCX graphicsfile. The primary purposeisto visualize GPR data before and
after manipulation and to produce graphics files that are suitable for printing and publication. The best
print quality will be with EPS files. These files, however, are not readily read by graphics or paint
programs, except for Corel PhotoPaint. EPS files are gray scale only. PCX files are a copy of the screen
image - B&W or color. See details below. Press the Esc key to end the program after the imageis

displayed.
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Theinput to GPR_DISP.EXE isa"CMD" file, an ASCII text file containing keywords (or commands or
parameters) describing how to display the radar data. An optional "override" or "global" command file
may be specified on the DOS command line that will take precedence over values found in the other
command files.

The GPR data can be read from disk using the following formats:
- GSSI SIR-2, SIR-2000, and SIR-10 binary "DZT" files,
- Sensors and Software pulsesEKKO "DT1" and "HD" files, or
- Society of Exploration Geophysicists SEG-Y formatted files.

If the storage format does not conform to any of the above or GPR_DISP has trouble reading the file
correctly, there are options for the user to supply the required information.

A message file called GPR_DISP.LOG is opened when the program starts. It is located either in the
directory where the program was called from or in the root directory of drive C. In multitasking
environments, this may prevent more than one session of the program from executing in the same
directory. Thelog file may contain more information regarding the failure or success of GPR_DISP as it
executes. Sessions are appended at the end of the log file.

IMAGE/DATA PROCESSING

When the GPR data are read into this program, they are immediately converted to 8-bit unsigned integers
(values 0 to 255). This may cause some unexpected results if the GPR data are 16 bit but have alow
dynamic range. Sixteen-bit numbers are divided by 256 to get 8-bit numbers. If the data amplitude range
is some low multiple of 256 only afew values will survive the conversion. In cases when the datarangeis
less than 256 then 1 or no values may survive. The program GPR_PROC can change the data amplitudes
before calling GPR_DISP.

The CRT image presents the GPR data in one of five modes: trace/time, time/time, distance/time,
distance/distance, or trace/sample.
- Trace/time images simply display the data as adjacent traces (horizontal axis is trace number and
vertical axisis sampletime in nanoseconds, ns).
- Trace/sample images display the data as adjacent traces, except the vertical axis is the sample number
(rather than sample time).
- Time/time images display the traces as equally located in time horizontally (seconds) and vertically
(ns).
- Distance/time images place the GPR traces in the appropriate location along the horizontal axis (in
meters), with no elevation correction. The vertical axisis sample time, or travel-time, in ns.
- Distance/distance images have been geometrically adjusted so traces are placed "correctly” in 2-D
gpace with a (multi-)layer time-to-depth conversion applied (X- and Z-axes are in meters).

Some fundamental image processing operations are available to refine the presentation of the data.

- Point processes (using look-up tables):
- image contrast stretching (either of data or using look-up table) to enhance subtle features
- image contrast compression to enhance strong reflectors
- local contrast stretching (the endpoints of the gray scale remain the same but the rate of change of the
middle portion is either greater or lessor than 1 to 1)
- image brightening or darkening
- negative of image
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- EPC recorder-style images (white is at the midpoint value and black occurs at both endpoints of the 8-
bit range, with a gray-scal e between)

- Geometric processes
- scaling (with interpolation or elimination if necessary)
- mirroring (datafrom disk may be displayed in reverse order and/or "upside down")

Some Hilbert transform processes are avail able. The instantaneous amplitude and instantaneous power
can be calculated and displayed as calculated or wrapped by an envelope.

"Background" removal is available. An average radar trace is calculated by adding all tracesin the
"window" together, sample by sample, and then dividing each sample by the number of traces. This
average trace is then normalized to have zero as the midpoint and is subtracted from each trace in the
"window". This operation may not be appropriate for some data sets, especially those with few traces (a
few hundred or less) or with outstanding "horizontal" features.

Data amplitude gain modification is available. Gain may be removed or added or both. The user supplies
aset of gain valuesin decibels as 20 x log(ratio), where log isto base 10. For example, to multiply data
by 1000, adecibel value of 20 x 1og(1000) or 60 is used. To decrease data by 10 (i.e. multiply by 0.10), a
decibel value of 20 times-1 or -20isused. A decibel value of 96 is approximately equivalent to aratio of
65535:1 (or 216, the dynamic range of 16-bit data).

For example, to multiply all amplitudes by 2 use the following keywords.
change gain ="TRUE"

num_gain_on=2

ganon[] =66 ;20xlog(2)=6

For users of GPR_PROC and GPRSLICE, GPR_DISP allows you to visualize data manipulations before
creating anew datafile or slicing agroup of files.

For velocity analysis, a small-spherical-abject reflection hyperbola can be overlaid on the image. Antenna
separation, object horizontal location, depth, and radius, and the GPR wave vel ocity must be supplied.
The GPR velocity isin m/ns. If you know the RDP, then take the square root of the RDP and divide that
into 0.2998 m/ns (the velocity of light in avacuum) to get the velocity.

For example, a RDP of 5.5 is equivaent to avelocity of 0.128 m/ns[0.2998 / SQRT(5.5)]. A velocity of
0.10 m/nsis equivalent to a RDP of 8.9 [SQR(0.2998/0.10)]

GRAPHICSFILES

Images can be stored optionally to disk using the Encapsulated PostScript level 2 storage format, in either
landscape or portrait paper orientation, or using the PCX graphicsfile format as black and white or color
images. Once the data are displayed to the screen, pressing the following keys can change the color/gray
scale.

G (gray scale - the default),

S (spectrum),

R (reverse color/gray scale),

1 (custom color palette 1),

2 (custom color palette 2),

3 (custom color paette 3).
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Only PCX fileswill preserve the color scale. EPSfiles are gray scale only. PCX files are a direct copy of
the pixels shown on the screen - image or wiggle trace. The quality of the letters/numbers will not be as
nice as with EPS output using the Hershey fonts. Make sure that the root directory on the C: drive and the
drive you are running GPR_DISP from has a directory named “hershey” and that it contains the font files.
These files are available with this report.

NOTE: To obtain a PCX file of only the GPR data, set the viewport parameters to the full limits of the
screen and do not add axes, title, or labels.
SET: vx1=0.0 vx2=133.333 vy1=0.0 vy2=100.0

THE KEYWORDS

Following isthelist of keywords and their default values. The documentation format is.
“KEYWORD: keyword = default value”.
Look at GPR_DISP.CMD for the exact format for setting keywords.

A NOTE S st

The file GPR_DISP.CMD has most comments stripped out, and GPR_DISP.CM_ has all comments
removed. Currently there are about 180 keywords or commands. There isonly one keyword that is
required to bein the keyword file. It is "dat_infilename". If the rest of the keywords are missing or
assigned default values, the GPR data will be displayed on the CRT as trace number versus sample time.
There will be no title or axes, no manipulation of the data, and no output graphics file. Once you create a
few CMD files, setting them up won't seem so daunting. Y es, we're working on an interactive graphical
interface for our GPR programs.

kkkkkkhkkkkkhkkhkhkhkkkhkkkhkhkkkkkhkhkikxx%x PROGRAM CONTROL khkkkkhkkhkkhkkkkkhkkhkhkhkkkkhkkhkhkhkkkkkhkkhkkhkkkkkx%

These keywords are used only from the FIRST command file. Press the Esc key to end the program after
theimageis displayed.

KEYWORD: batch = "FALSE"
Place program in batch mode (no pauses) if "TRUE". If set to “FALSE”, the program will normally pause
at certain points and before ending.

KEYWORD: display_all ="FALSE"
Set to "TRUE" to display keyword values for all command files, otherwise only values for the first
command file are displayed

KEYWORD: display_none = "FALSE"
Set to "TRUE" to suppress displaying keyword values when program starts up.

kkhkkkkkkkkkkkkkkkkkkk*k TO DISPLAY MULTI F)LE GPR FI LES khkkkkkkkkkkkkkkkkkkkkk*

This program can display more than one GPR file on the CRT. If there is only one GPR data set to
display leave the next keyword assigned to an empty string or remove the equal sign. If thereis another
GPR fileto display, then insert the name of another command file between the quotes. For athird, etc.,
place the third command file name after this keyword in the second command file. In this way, command
files are chained together. Be sure to assign viewport coordinates in each command file as appropriate.
Also, be sure to leave this keyword blank (or delete the equal sign) in the last command file!
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KEYWORD: next_cmd_filename =""

kkhkkkkkkkkkkkkkkkkkkk*k SPECIFICATION OF INPUT DATA kkhkkkkkkkkkkkkkkkkhkkkhkkhkkk

One data file can be input for each command file. Thisis the only keyword that is required to be in the
command file. The data storage format is determined by inspecting the file. If the program cannot
recognize aflavor of the three formats bel ow then an error message may be issued.

Recognized storage formats are:
DZT - GSSI SIR-2, SIR-2000, and SIR-10
DT1 - Sensors & Software pulseEKKO
SGY - SEG SEG-Y

DT1 and HD files are assumed paired, i.e. both have the same filename with different extensions. So, if a
datafilewith a".DT1" extension is specified, the ".HD" filename will be assumed. Only DT1/HD files
must have those filename extensions. GSS| and SEG-Y files can have any extension.

KEYWORD: dat_infilename =""

RAMAC and user-defined data files can be read by assigning correct values to the next five keywords.

i NOTE sttt

IF the GPR format DOES NOT CONFORM to any of the above formats then the next six parameters
(other_format, file_header_bytes, trace_header bytes, samples per_trace, total_time, and input_datatype)
MUST be specified. Otherwise, IGNORE THEM. If you want to convert the storage format then
GPR_CONYV isthe program to use. GPR_INFO will report this basic information for recognized storage
formats.

KEYWORD: other_format = "FALSE"
Replace with "TRUE" if you want to use the next five parameters to specify the input format.

KEYWORD: file_header_bytes=0

Replace with number of bytes in the file header. PulseEKK O datafiles do not have afile header - the
information is held in another file with a.HD extension. GSSI files have either a 512-byte (old style) or
1024-byte (current style) header. However, DZT files can have up to 4 file headers - one for each channel.
SEG-Y files have a 3600-byte header. RAMAC datafiles have no file header.

KEYWORD: trace_header_bytes=0

Replace with number of bytesin each trace header. For pulseEKKO files, a 128-byte header precedes
each GPR trace. For GSSI files, no header precedes each trace, but the first 2 samples (not necessarily
bytes) are reserved. SEG-Y files have a 240-byte trace header. RAMAC data files have no trace headers.

KEYWORD: samples per_trace=0

Replace with the number of samples per trace. For pulseEKKO data, the number of samples per traceis
recorded in the HD file (NUMBER OF PTS/TRC). For GSSI data, the number of samples per traceisa
power of 2, from 128 to 2048, typically 256, 512, or 1024. The information is recorded in the .DZT file
header in the rh_nsamp field. For RAMAC files, the RAD text file records the number of samples. For
SEG-Y files, look in the comment area of the file header.

KEYWORD: total_time=0
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Replace with total number of nanoseconds per trace. For pulseEKK O data, look at the "TOTAL TIME
WINDOW" field in the .HD file. For GSS| data the value is recorded in the file header. For SEG-Y files,
look in the comment area of the file header. For RAMAC files, the TIMEWINDOW parameter records
the time per trace in microseconds (multiply by 1000 to get ns).

KEYWORD: input_datatype=0
This defines the type of input data element. Replace with one of the following element types:

1 for 1-byte signed characters

—1 for 1-byte unsigned characters (GSss)

2 for 2-byte signed short integers (pulseEKKO, RAMAC, SEG-Y)
-2 for 2-byte unsigned short integers (GSsI)

-5 for 2-byte unsigned short integers, but only first 12-bits used

3 for 4-byte signed long integers (SEG-Y)

-3 for 4-byte unsigned long integers

-6 for 4-byte unsigned long integers, but only first 24-bits used
4 for 4-byte floats (SEG-Y)

8 for 8-byte doubles

For example: 8-bit GSSI data are unsigned characters (values from 0 to 255), use -1 for input_datatype.
Use -2 for 16-bit GSSI data (values from 0 to 65535). PulseEKKO and RAMAC data are typically 16-bit
signed integers (values from -32768 to 32767), use 2 for input_datatype. For SEG-Y data, the
input_datatype can be 2 (signed short integers), 3 (signed long integers), or 4 (4-byte floating point reals).
Data types are stored in the file header of DZT and SGY files. PulsesEKKO and RAMAC do not record
the data type.

If the data element type is floating point (input_datatype equal to 4 or 8), then the next 2 parameters must
be assigned values in order to control the re-scaling of the data to 8-bit unsigned integers (for the image).
For other data types, these 2 values are optional;

KEYWORD: max_data val =
The maximum value to use for scaling.

KEYWORD: min_data val =0.0
The minimum value to use for scaling.

KEYWORD: row_by_row ="FALSE"

This keyword allows for non-standard data. Set to "TRUE" for data stored "row-by-row" like a screen
image. NOTE: samples_per_trace must now be the number of rowsin thefile. For normal and standard
GPR dataleave as"FALSE".

kkkkkhkhkkkkhkkhkhkkkkhkkk%x SPECIFYING OPTIONAL INPUT FILES**********************

These are additional input ASCII data file names that may or may not be required, depending on other
options.

KEYWORD: mrk_infilename=""

KEYWORD: xyz_infilename=""

MRK and XY Z files are used when displaying the traces using spatial coordinates. They contain the
number of sets stated on the first file record with the sets listed on following records.

Example MRK file containing marked trace locations:
3
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104
256
897

Example XY Z file containing X, Y, and Z locations of the marked traces:
3

10.0 10.0 293.456

20.0 10.0 294.567

30.0 10.0 295.678

KEYWORD: Ibl_infilename=""

LBL fileslook like C code and allow vector graphics and characters to be overlaid onto the screen image.
Y ou can look at example filesto see how thisworks. Hereisthelist of recognized HPGL commands:
viewport, window, pen, Idir, csize, lorg, plot, label, hpgl_select_font, frame, clip, unclip, linetype, circle,
arc, wedge, and ellipse. The default color palette is a 256-shade gray scale. A pen color of 0 (black) or
255 (white) is selected based on the background color before the LBL fileisread. (The background color
is black for screen-only output and white if hardcopy output is requested.) Also the current file
viewport() and window() values are set before and after the LBL fileisread. Vector graphics only can be
suppliedinthe LBL filesand "C" statements such as for, while, if, etc. are not recognized. Vector
graphics may be drawn inside or outside of aviewport (if unclip(); isin the file) and within the GPR
image.

khkkkhkkkhkkhkkhkkhkkhkkhkhkkkhkkkhkkhkkkx SPECI FYING HARDCOPY FILES***********************

To save the screen image to disk, Then place filenames within the parentheses after either, or both, of the
next two keywords. If these keywords are |eft defined as blank strings or the equal sign is missing, then
output isto CRT only.

Encapsulate Postscript output should deliver publication quality images. The CRT screen shows what the
graphicsfile image will ook like (within the resolution limits of the CRT). If no EPS output fileis
defined, then the CRT image will have a black background. If a PostScript file is defined, then the
background will be white. | have found the most reliable translator of these EPS filesis Corel Photo-
Paint. Corel Draw, and many others graphics viewers/translators do not read these EPS files correctly.
Often some sort of “title” page is shown with no image. Once the EPS file isimported into Photo-Paint
with the correct settings (256-gray scale and appropriate resolution), then it can be output in another
graphics format (such as BMP or JPEG).

PCX fileswill look exactly like the screen — gray or color. The number of pixelsin thefile isthe same as
the number of screen pixels. If acolor palette is selected after the image is displayed (by pressing the 1, 2,
or 3 keys), it will be saved with the image.

NOTE: These parameters are used only from the FIRST command file.

KEYWORD: pcx_outfilename=""

KEYWORD: eps_outfilename =""

kkkkkkkkkkkkkkkk SELECT' NG CHANNEL, TRACES, AND SAM PLES kkkkkkkkkkkkkkkkkk*k
This group determines which channel, traces, and samples to use from afile. If "first_samp" or
"last_samp" are not specified or are both 0, then, all trace samples will be used OR they will be

determined from the input data/info files. If "lock_first samp" is"TRUE" then the data/info file cannot
override "first_samp" (otherwise, first_samp WILL BE determined from the data/info file if possible).
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KEYWORD: channel =0
Thisisthe channel number in multi-channel data sets INDEXED FROM 0; so O isfirst channel, 1is
second channel, etc. This keyword only appliesto GSSI DZT files.

KEYWORD: skip_traces=0

If >0, then the number of tracesto skip for every one read. For example, if equal to 1, then every other
traceisread; if equal to 3, then every fourth trace read. This keyword may have to be assigned for large
files (greater than several thousand traces). The CRT screen can display a maximum of 1024 traces.

NOTE: next 3 keywords are active for all coordinate modes specified below.
KEYWORD: lock_first_samp = "FALSE"

KEYWORD: first_samp =0
First_samp isinterpreted either as "time zero" or "ground surface”, depending on the value of
coord_mode below.

A NOTE S st

First_samp specifies the first sample to use from each trace to construct the image of the radar data. It
CANNOT be negative. If the data have a start time, or transmit time-zero, before the first sample (as can
occur with wide antenna separations) you can use GPR_PROC and its "slide_samp" keyword to move the
samples "downward" so that zero time is at the first sample.

Alternatively, the window can be sized (vx1 and vx2) larger than the data range and the left and right axis
ranges changed to reflect the actual time zero (laxis_min, laxis_max, raxis_min, raxis_max).

For example, assume the time range is 20 ns and zero time is 5 ns before the first sample is recorded. Set
"first_samp" equal to zero (the first sample in the trace) and the user coordinates for the window at "top"
equal to -5 and "bottom" equal to 20. The datawill be displayed correctly in this window. Now change
the endpoints of the left axisto "laxis_ min" = 25 and laxis_max = 0 (remember "laxis_tick_int" will be
negative). The vertical range of the window is the till the same.

KEYWORD: last_samp =0

kkhkkkkkkkkhkkkkkkkkkkkkkk*k ELIMINAT'NG UNWANTED TRACES khkkkkkkkkhkkkkkkkkkkkkkk*k
If there are traces in the data file which you do not want to display, then use num_bad and bad_traceq[] to
list them.

KEYWORD: num_bad =0
If greater than O, then the traces listed in bad_traceq]] will NOT be displayed.

KEYWORD: bad_traceq[]
If num_bad is greater than 0, then a set of trace numbersindexed from 0. Add an equal sign after the
brackets then list the trace numbers separated by spaces.

kkhkkkkkkkkhkkkhkkkhkkhkkhkkikkk*k SPECIFYING COORDINATE MODE kkhkkkhkkhkkhkkhkkhkkkkkkkkkkk*x

This group determines what the coordinate system will be in the data window on the screen and how to
place the GPR datainto that system. On the CRT screen, arectangular area called a"viewport” is
designated (see below), and the GPR data are displayed within that area. User coordinates are assigned to



the viewport (see window coordinates below). GPR data that are within the window coordinates are
displayed on the CRT.

KEYWORD: coord_mode=1
This keyword places the data into the viewport using the following coordinate systems.

coord_mode horizontal vertical description
axis axis

0 - - invalid mode

1 trace number sample time (ns) “raw" traces, default

2 distance (m) distance (m) geometrically corrected

3 time (sec) time (ns) stationary antenna

4 distance (m) time (ns) horizontal rubbersheeting,
no topographic correction

5 trace number sample number “really raw" data, sample

rate unknown

These modes are for 2-D displays. Distance units are meters. Time units are nanoseconds (vertically) or
seconds (horizontally).

NOTE: first_samp, last_samp, and lock_first_samp are active for all modes.

kkhkkkkkkkkkkhkkhkkkkkhkkkhkkkhkkhkkhkkkkkkk* MODE 1 khkkkkkkhkkkhkkkhkkhkkhkkhkkhkkhkkkkkkkkkkkk*
For coord_mode equal to 1, the next keywords are used

first_trace, last_trace, first_samp_time, last_samp_time.

These parameters should be assigned if defaults are not appropriate.

KEYWORD: first_trace=0
Thefirst trace to use from afile. If O then first trace in thefileis used

KEYWORD: last_trace=0
The last trace to use from afile. If O then last trace in the fileis used.

KEYWORD: first_samp_time ="INVALID_VALUE"
First sample time {in nanoseconds) to display. If equal to "INVALID_VALUE", then it is determined
from first_samp

KEYWORD: last_samp_time="INVALID_VALUE"
Last sample time {in nanoseconds) to display; if "INVALID_VALUE", then it is determined from
last_samp.

NOTE: first_samp and last_samp take priority over first_samp_time and last_samp_time.

khkkkkkkkkkkhhkhkkhkkhkkhkkhkkhkkhkkikkhkkk*% MODE 2 khkkkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkhkkkkk*%
For coord_mode equal to 2, the next keywords are used:

horiz_mode, horiz_start, horiz_stop, horiz_mode, num_layers,

layer_rdp[], layer_mode[], layer_val[].
These parameters should be assigned if defaults are not appropriate. If horiz_start or horiz_stop are not
specified, or are both equal to "INVALID_VALUE", then al traces will be used from afile and these
values will be calculated.

NOTE: MRK and XY Z files must be supplied.
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KEYWORD: horiz mode="T"
This determines what coordinates are used for the horizontal direction. Defaultis"T". Either anumeric
value or a string can be assigned to the keyword. Either a numeric value or a string can be assigned to the
keyword. Choices are:

"X" or 1to use X-coordinates

"Y" or 2 to use Y -coordinates

"T" or 3 to use traverse distance coordinates, sgrt(X* X + Y*Y)
NOTE: When traverse distance is selected, "0.0" is at the first tick mark regardless of orientation of the
profile with the coordinate axes. To reverse the display, place 0.0 at the right side of the window and the
distance on the left side. (Seeleft, right, top, and bottom in data window section below.)

KEYWORD: horiz_start ="INVALID_VALUE"
Based on "horiz_mode", it is the location to start getting traces from afile.
NOTE: If horiz_start is set equal to horiz_stop or left undefined, then the data limits are used.

KEYWORD: horiz_stop ="INVALID_VALUE"
Based on "horiz_mode", it is the location to stop getting traces from afile.
NOTE: If horiz_start is set equal to horiz_stop or left undefined, then the data limits are used.

KEYWORD: num_layers=0
If greater than O, the number of layersto use for the time-to-depth conversion

KEYWORD: layer_rdp[]
If num_layersis greater than O, thisisthe list of relative dielectric permittivities for each layer. Time-to-
depth conversion uses the velocity in meters per second.

KEYWORD: layer _mode€[]
If num_layersis greater than 1, this determines how the BOTTOM of alayer iscalculated. Layerscan
have different modes. Thisvalueisassigned 3 if num_layers equal to 1. Either a numeric value or a string
can be assigned to the keyword. Choices are;

"D" or 1if the layer bottom is a constant distance from the surface

"E" or 2if the layer bottom is at a constant elevation

"I" or 3if the layer bottom is at infinite depth (lowest or single layer)

KEYWORD: layer _val[]
If num_layersis greater than O, thisis the depth or elevation corresponding to the selected layer mode, in
user units. Thisvalueisassigned "infinity" if num_layersisequal to 1.

khkkkkhkkhkhkkkkhkkhkhkhkkhkkhkhkhkhkkhkkhkhkhkkhkkkkkkx MODE 3 khkkkkhkkhkkhkkhkkhkkhkhkhkhkkhkhkhkhkhkkhkhkhkhkhkkkhkhkhkk*x

For coord_mode equal to 3, the next keywords are used:
trace_per_sec, first_trace_time, last_trace time, first_samp_time,
last_samp_time.

These parameters should be assigned if defaults are not appropriate.

KEYWORD: trace per_sec=0.0

Thisisthe number of traces that were recorded per second. If equal to 0.0, then the value will be
determined from the data or info file.

NOTE: For DZT files you may have to factor in any stacking that was done at record time. This program
does NOT determine the stack from the data.
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KEYWORD: first_trace time="INVALID_VALUE"
Earliest time (in seconds) to display from afile. If equal to "INVALID_VALUE", then first trace is used.

KEYWORD: last_trace time="INVALID_VALUE"
Latest time (in seconds) to display from afile. If equal to "INVALID_VALUE", then last trace used.

KEYWORD: first_samp_time="INVALID_VALUE"
First trace sample time {in nanoseconds) to display. If equal to "INVALID_VALUE", then determined
from first_samp.

KEYWORD: last_samp_time="INVALID_VALUE"
Last trace sample time {in nanoseconds) to display; if "INVALID_VALUE", then determined from
last_samp.

NOTE: first_samp and last_samp take priority over first_samp_time and last_samp_time. However,
first_trace and last_trace can be determined from first_trace time and last_trace time.

khkkkkkhkhkhkkhkhkhkhhkhhkhkhkhkhkhkhkhkhkkkkxkrkx MODE 4**********************************

For coord_mode equal to 4, the next keywords are used:

horiz_mode, horiz_start, horiz_stop, first_samp_time, last_samp_time.
If horiz_start or horiz_stop are not specified, or are both equal to "INVALID_VALUE", then al traces
will be used from afile and these values will be calculated.

NOTE: MRK and XY Z files must be supplied.

KEYWORD: horiz_ mode="T"
This determines what coordinates are used for the horizontal direction. Defaultis"T". Either anumeric
value or a string can be assigned to the keyword. Choices are:

"X" or 1to use X-coordinates

"Y" or 2to use Y -coordinates

"T" or 3 to use traverse distance coordinates, sgrt(X* X + Y*Y)
NOTE: When traverse distance is selected, "0.0" is at the first tick mark regardless of orientation of the
profile with the coordinate axes. To reverse the display, place 0.0 at the right side of the window and the
distance on the left side. (See l€ft, right, top, and bottom in data window section below.)

KEYWORD: horiz_start ="INVALID_VALUE"
Based on "horiz_mode", it is the location to start getting traces from afile.

KEYWORD: horiz_stop ="INVALID_VALUE"
Based on "horiz_mode", it is the location to stop getting traces from afile.

KEYWORD: first_samp_time="INVALID_VALUE"
First trace sample time { in nanoseconds) to display. If equal to "INVALID _VALUE", thenitis
determined from first_samp

KEYWORD: last_samp_time="INVALID_VALUE"
Last trace sample time {in nanoseconds) to display; if "INVALID_VALUE", then it is determined from
last_samp.

NOTE: first_samp and last_samp take priority over first_ samp_time and last_samp _time.
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khkkkkkhkkkhkhkhkhhkhhkhkhkhkhkhkhkhkhhkkkkrkxx MODE 5 khkkkkhkhkhkhkkhkhkhkhhkhhkhkhkhkkhkhkhhkkkkhdkhxx

For coord_mode equal to 5, the next keywords are used:
first_traceand last_trace.
These parameters should be assigned if defaults are not appropriate.

KEYWORD: first_trace=0
Thefirst trace to use from afile, if O then first trace in the file is used;

KEYWORD: last_trace=0
The last trace to use from afile, if O then last trace in the fileis used;

khkkhkkhkkhkkhkhkkhkhkkhkhkkhkhkhkhkkhkhxdkx CRT GRAPHICS DISPLAY MODE khkkkhkkhkkhkhkhkhhkhkhkhkhkhkhhki*x
This parameter controls the graphics display mode.

THISVALUE SHOULD BE LEFT EQUAL TO O UNLESS A PARTICULAR MODE AND
RESOLUTION ARE DESIRED OR REQUIRED. For example, the graphics card on some portable
computers can be switched to 1024x768 mode for external monitors, but the portabl€'s screen is capable
of only 800x600 mode.

The program will automatically select a VESA VGA mode that it recognizes. If no high-resolution mode
is found, then the low-resolution mode 20, available for al VGA cards, is selected.
Recognized video modes:

X Y colors 1BM ATl VGA Wonder VESA SVGA Tseng Paradise HGSC
1024 x 768 x 256 8514 261 56 1024
800 x 600 x 256 99 259 48 800
640 x 480 x 256 98 257 46 95 640
320 x 240 x 256 20 20 20 20 20 20

HGSC = Hercules Graphics Station Card
Tseng = cards with ET4000 chip set

NOTE: This parameter is used only from the FIRST command file.

KEYWORD: video_mode=0
This default value, 0, causes the program to search for highest-resolution mode.

khkkkhkkhkkhkkhkkhhkkhkhkhxhx PLACI NG DATA WI NDOW ON THE CRT khkkkhkkkhkhkhkhkkhkhkkhkkkhkhkkix*k

This group determines where the main data window is placed on the monitor screen. The graphics library
assigns (0.0,0.0) to the lower left screen corner and (133.333,100.000) to the upper right screen corner. In
landscape mode (portrait set equal to 0 below), the range for vx1 and vx2 is 0.0 to 133.333. In portrait
mode, rangeis 0.0 to 75.0, and if vx2 > 75.0 it will be reduced to 75.0. The range for vyl and vy2is0.0
to 100.0 in both portrait and landscape orientations. NOTE: care must be taken in specifying these values
for multiple GPR data sets. Results may be unexpected if viewports overlap! On the other hand you may
want to overlap windows to superimpose data. Default values are shown. These allow room for the axes
|abels on the outside of the data window rectangle. These values are honored for all coordinate modes
except coord_mode equal to 2. For coord_mode equal to 2, these values specify the maximum size of the
datawindow. One direction, horizontal or vertical, may be shrunk to maintain geometric correctness or
vertical exaggeration. The default values for vx1, vx2, vy1, and vy2 allow room outside the window for
axis numbers and labels and atitle. However, the entire CRT screen can be used.

NOTE: A lineisdrawn around the viewport.
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For EPS (PostScript) files, amargin of approximately one-inch is built in. Everything on the CRT screen
will be placed in arectangle that is at least one inch from the paper edges. This feature is not adjustable at
thistime.

CRT SCREEN

|-——-————— |
| Landscape mode (11 x 8.5) (133.333,100.0) |

|
| |
| |
| Vy2 |---—mmmmmm e | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| vyl |--———--—mm oo | |
| vx1 VX2 |
| |
| |
| |
| |

KEYWORD: vx1 =10.0
KEYWORD: vx2 = 123.333
KEYWORD: vy1 = 10.0
KEYWORD: vy2 =90.0

KEYWORD: vert_exag = 1.0
The vertical exaggeration factor. This only affects the viewport coordinates when coord_mode is equal to
2.

khkkkhkkhkkhkkhkkkhkkkhkkkkx ASSIGNI NG USER UNITS TO THE DATA WI NDOW *kkhkkkhkkhkkhkhkkhkhkhkkhkkkix
This group determines the user-unit limits of the data window. These values must be coordinated with the
selected coordinate mode (see coord_mode keyword). If not specified, then limits are determined from
"coord_mode" and the data. Even though the selection of samples, traces, and times above must have the
first values less than or equal to last values, these 4 parameters specify the coordinate system of the
window, and will let you display data"backwards" or "upside-down", or both. The window limits can be
a subset, superset, or partial set of the GPR coordinate limits. For example, if coord_mode = 2 and the
corrected data will be displayed starting at the 10 m location to the 65 m location and elevation is about
200 m and the corrected data cover about 3 m depth, then the following might be suitable values: left =
10, right = 65, bottom = 197, top = 201. These limits can be larger or smaller than the portion of the data
that has been selected to be used by this program. Data will either be clipped at the window edges or
surrounded by a blank area.

s NOTE st
If aframed viewport appears but GPR data do not appear in it, then one or more of these valuesis
probably incorrect (also check coord_mode).
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KEYWORD: left ="INVALID_VALUE"
KEYWORD: right ="INVALID_VALUE"
KEYWORD: bottom ="INVALID_VALUE"
KEYWORD: top ="INVALID_VALUE"

khkkkkkhkkhkkhkkhkkhkkkkkhkhkkhkkkx DATA AM PLITUDE PROCESSING *khkkkhkkkhkkhkkhkkhkkhkhkkhkhkkhkhkkhkkkhkkhkkkx

This group manipulates the data amplitudes directly before they are displayed. The GPR data are
converted to unsigned 8-hit bytes first (range O to 255). The order shown here is also the order applied in
the program. These may take a while as the actual data values are changed. These changes apply to both
image and wiggle trace displays.

KEYWORD: change_gain = "FALSE"
Change the range gain of the dataif "TRUE". The next four keywords arein effect only if thisoneis
"TRUE".

KEYWORD: num_gain_off =0
If greater than or equal to 2, then number of breakpoints for gain to be removed. If equal to O, then no
gainisremoval.

KEYWORD: gain_off[]

Thisisthelist of floating point values for the gain that will be removed. NOTE: These values arein
decibels, dB! For example, to multiply data by 1000, adecibel value of 60 (i.e. 20 * 10g(1000)) is used.
To decrease data amplitudes by 10 (i.e. multiply by 0.10), adecibel value of -20 (i.e. 20 * -1) is used.
S& S DT1 files often do not have gain applied. GSSI DZT files usually have gain applied and the values
can be known by inspecting the file header with programs such as dzt_rhdr.exe.

For example:
change_gain ="TRUE"
num_gain_off =3
gain_off[] =102043

KEYWORD: num_gain_on =0
If greater than or equal to 2, then number of breakpoints for gain to be added. If equal to O, then no gainis
added. Thisfunction can be used to multiply all amplitudes by 2, for example, using the following.

For example:

change gain ="TRUE"
num_gain_on =2

gain_on[] =66 ;20xlog(2) =6

KEYWORD: gain_on[]
Thisisthelist of floating point values for the gain that will be removed.

KEYWORD: background = "FALSE"

If set to TRUE, then a "background" trace is removed from the image. The background trace is the
average trace determined by adding all traces together and dividing by the number of traces (stacking).
The stacking process enhances coherent signal and reduces randomly varying signal (noise). In this case,
the coherent signal is the horizontal banding often seen in GPR data (system noise) and the randomly
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varying signal is the received radar signal from the subsurface. The appearance of the data is often
improved by removing the horizontal banding. Caution must be used, however, with small data sets (less
than afew hundred traces) or data that has strong natural horizontal reflectors.

KEYWORD: abs val ="FALSE"

If set to “TRUE” then the amplitude values (at this stage of any other manipulation) will be converted to
their absolute value. The mean of the datatype (128) is subtracted first and the negative values are
converted to positive; then multiplied by 2 to keep them within the gray-scale range of 0 to 255. This
option produces results similar to "inst_amp".

KEYWORD: square = "FALSE"

If set to “TRUE” then the amplitude values (at this stage of any other manipulation) will be converted to
their squared value. The mean of the datatype (128) is subtracted first and the values are squared; then
divided by 64 to keep them within the gray-scale range of 0 to 255. This option enhances strong features
in the data and produces results similar to "inst_pow".

KEYWORD: inst_amp = “FALSE”

If set to “TRUE” then the amplitude values (at this stage of any other manipulation) will be converted to
instantaneous amplitudes. An analytic function is constructed using the original trace as the real
component and its Hilbert transform as the imaginary component. The modulus of the complex function
(the square root of the sum of the squares of the real and imaginary components) is called the
instantaneous amplitude of the function. For GPR data it measures the reflectivity strength, reducing the
appearance of random signal in the data.

KEYWORD: inst_pow ="FALSE"

If set to “TRUE” then the amplitude values (at this stage of any other manipulation) will be converted to
instantaneous power, or energy. An analytic function is constructed using the original trace as the real
component and its Hilbert transform as the imaginary component. The square of the modulus of the
complex function (the square root of the sum of the squares of the real and imaginary components) is
used. For GPR data it measures the total energy of the GPR signal at an instant in time. The effect on the
appearance of the datais similar to converting to instantaneous amplitude, but noise is reduced even
further.

T NOTE #HfHHHHH
Only one, inst_amp or inst_pow, will be used, the first one that is found set to "TRUE".

KEYWORD: envelope = “FALSE”
If set to “TRUE” and inst_amp = “TRUE" then an envelope connecting the peaks of the instantaneous
amplitude or power will be displayed.

KEYWORD: stretch =0

The stretch technique enhances contrasts in the data. It must be awhole number from 1 to 99. The default
value zero indicates no stretching. A histogram is constructed counting the number of times each
amplitude (O to 255) occursin the entire GPR file. The most commonly found value (the mode) will
usually be about 128 (the middle value of the GPR trace). The stretch keyword specifiesavaluethat isa
percent of the count found at the mode. Histogram stretching will work properly only if the data are
mono-modal with asmall standard of deviation (i.e. values are clustered about one central value -- which
is of course why we would want to enhance the contrasts). The following diagram (while not technically
correct) gives an idea of the effect.
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+ o+ o+
+ * +
stretched data -- + *ox +
| + * * +
| + * * +
+ original -- * * +
+ data * * - stretch /100 +
* * * * * * * * * * * * * * * *
________________________________ e
0 128 255 (amplitude)

khkkkhkkkhkkkhkkkhkkhkkhkhkkhkhkkkkhkkhk*kx LOOK_UP TABLE PROCESSI NG khkkkkhkhkkhkkhkkkhkkhkkhkkhkkkhkkhk,%x

This group affects how the GPR data appear in the window. The GPR data are converted to unsigned 8-
bit bytes (range 0 to 255) for display. The order shown here is also the order applied in the program.
These gray-scale modifiers affect only the look-up table. The look-up table is used for both image and
wiggle trace displays. The gray scale palette can be converted to a color palette after theimageis
displayed by pressing thekeys: 1, 2, 3, S, or R. Only a PCX graphicsfile retains the colors. PostScript
files are gray shades only.

KEYWORD: range = 255

If greater than O, then this keywords expands or contracts the gray scale. Set to 0 to use the EPC-style
display (see below). If therangeis set between 0 and 256, then results are similar to invoking "stretch”,
that is, contrasts are enhanced. If range is set greater than 255, then contrasts are reduced. For output to
most printers, avalue of 128 or lessis suggested, because most printers are capable of only 120 or so
shades of gray.

KEYWORD: local_offset = 0.0

If this keyword is greater than O then contrasts in the image can be enhanced or reduced. Thisis the half-
width of the local contrast window around the middle value of 127.5. Use O for no local stretch. Valid
rangeis 0.0 to 127.5. The endpoint values do not change, that is, 0 isstill O (black) and 255 is still 255
(white).

KEYWORD: local_change = 0.0

If local_stretch is > 0, then thisis the amount to add to the high end of the local contrast window and
subtract from the low end. Use O for no local stretch. A positive value will increase contrasts; a negative
value will decrease contrasts. In the example below, contrasts near are enhanced.

[new
scale] contrast window * —-- original table values (*)
255.0 I-—-1 + *
I +*
| + o f—
| * |-- local change
127.5 +* -—+
I *
| * o+
| * + —- locally stretched values (+)
0 *
0.0 —————- 127.5 ————————- 255.0 [original scale]

KEYWORD: brightness=0
This keyword will brighten or darken the image by adding this value to each table entry. The valid range
isan integer between —128 to 128.

KEYWORD: negative ="FALSE"
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If this keyword is set to “TRUE” then the gray scaleis reversed from black-to-white (0 to 255) to white-
to-black (255 to 0).

kkhkkkkkkhkkkhkkhkkhkkkkkkk*k EPC_S‘I'YLE GRAY SCALE DISPLAY kkhkkkhkkhkkhkkkkkkkkkkkhkkhkk*x
The following group controls the appearance of an EPC graphic recorder style display. In thistype of
display, the midpoint amplitude of the trace is white; the endpoints of the trace amplitude range (0 and
255) are black, with a gradual darkening in between.

NOTE: The range keyword must be set to 0.

KEYWORD: epc_threshold =5
Thisisthe distance along the scale from the midpoint to start darkening; that is the band of white at
midpoint iswider the larger epc_threshold is. Rangeis 0 to 127.

KEYWORD: epc_contrast = 255
Thisisthe value aong the scale for the "black™ endpoint of the gray scale. Rangeis 1 to 255.

KEYWORD: epc_sign =0
If greater than 0, then all values below midpoint are white. If less than 0O, then all values above midpoint
are white.

KEYWORD: epc_gain =2.0
This keyword multiplies contrast; that is "black™ occurs closer to midpoint.

khkkkhkkhkkhkkhkkhkkhkhkkhkhkhkhkikx ADDING MARKED TRACE LOCATIONS khkkhkkhkkhkkhkkhkhkkhkhkkhhkkhhkkhhkhhihx
This group only affects the appearance of the gray-scale image.

KEYWORD: show_markers=0

If this keyword is not equal to 0, then the location of marked traces are shown in the image. Marked traces
are determined from aMRK file. The length of the mark is the absolute value of this keyword in screen
pixels (NOT user units. If greater than O, then marks are black. If less than 0, marks are white. This option
not available if coord_modeis equal to 2.

KEYWORD: show_marker_width =1
If show_markersisnot equal to 0, then thisisthe width of the marker linein screen pixels.

kkhkkkkkkkkkkkkkkkkkkk*k WIGGLE TRACE DISPLAY OF DATA khkkkkkkkkkkkkkkhkkhkkkkkk*%x

This group effects how the data appear in the window. The GPR data are displayed as wiggle traces if
display_wiggleisset to "TRUE". Selected traces may also be superimposed on a gray-scale image of the
GPR data (display_wiggleis"FALSE") if num_wigglesis avalue greater than 0 and wiggle_traceval[] is
assigned values.

IMPORTANT! If display_wiggleis set to "true": The quality of this display mode depends heavily on
how many traces are displayed in the viewport/window and the width of the trace. It is suggested that
only 1 to 2 traces be displayed for each viewport unit (see vx1 and vx2 commands above). Use
skip_traces to adjust the number of traces displayed. Use wiggle width to adjust trace width (distance
between peaks) — | suggest starting with 10. The info screen displayed at the start of GPR_DISP shows
the total number tracesin the file and the number to be displayed (as num_cols).

KEYWORD: display_wiggle="FALSE"
If "TRUE" then the data are displayed as wiggle traces. If "FALSE", the data are displayed as an image.
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KEYWORD: num_wiggles=0
If this keyword is greater than 0 and display_wiggleis"FALSE", then thisis the number tracesto display
as wiggles superimposed on the gray-scale image. Traces are listed after the next keyword.

KEYWORD: wiggle traceval[]

If num_wigglesis greater than 0 and display_wiggleis"FALSE", then this keyword defines the locations
of traces to be superimposed on the image as wiggles. NOTE: The values depend on the coord_mode
selected. For coord_mode equal to 1 or 5, then the trace number is used. For coord mode equal to 2 or 4,
the distance is used. For coord_mode equal to 3, then the trace time is used.

KEYWORD: wiggle_color =-1

Thisisthe gray level to assign to the wiggle traces from 0 (black) to 255 (white). The default is-1, and
the shade will be selected based on whether hardcopy output is requested or not. Hardcopy output has a
white background so wiggles will be black. If wiggle color is not appearing as desired (sometimesit is
white on awhite background for hardcopy output), set wiggle color to the desired value.

KEYWORD: wiggle fill =0
If this keyword is less than 0, then the negative values of the wiggle traces will be shaded. If greater than
0, then the positive sides are filled. If set to O (default), neither side is shaded.

KEYWORD: wiggle width =10.0
Thisisthe width of the wiggle trace as a percentage of the viewport/window width. Range is 0.001 to
100.0.

KEYWORD: wiggle clip = 100.0
Thisisthe clip limit as a percentage of wiggle width. Thereisno clipping if equal to 100.0. The clip will
be at half of width if set to 50. Range is 0.001 to 100.0.

Frxdkkxkkkxkkxx OVERLAYING A HYPERBOLA FOR VELOCITY ANALY SIS **x#kkxskokkkkkx
Because the GPR antenna radiation pattern extends in front of and behind the antennas (E-field oriented
perpendicular to the tow direction), abjects are detected before and after the antennas pass over them. The
reflection pattern is in the shape of half of a hyperbola. These keywords overlay areflection hyperbola on
the image and a cross noting where the object would be in distance-time space.

KEYWORD: plot_hyperbola ="FALSE"
Set this keyword to "TRUE" to overlay the velocity hyperbola on the image.

KEYWORD: ant_sep =0
Thisisthe distance between the centers of the two antennas in meters. Vaue must be greater than or
equal to zero

KEYWORD: obj_depth =0
Thisisthe depth in meters to the center of the object. The object is assumed to have a circular cross-
section in the direction of the antennatow direction.

KEYWORD: obj_radius=0

Thisisthe radiusin meters of the circular object. The length of the object is assumed large (such asalong
rod), and perpendicular to the antenna tow direction, to maximize reflection of the radar waves, which
have their electric field polarized also perpendicular to the tow direction.
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KEYWORD: obj_loc=0

Thisisthelocation of the center object in user coordinates in whatever horizontal coordinates are used to
display the image. For example, if the image has horizontal values of 0 m and 20 m at the left and right
edges respectively, then the obj_loc should be in the range of 0 to 20 m. However, the object can lie
outside this range. The object is assumed to be in the plane of the image. That is it cannot be off the path
that the antenna was towed on.

KEYWORD: hyp_vel =0

Thisisthe average velocity of the radar waves in the medium above the object, in meters per nanosecond.
Vaues must be in the range 0.01 to 0.30 m/ns. If the value is outside of thisrange, no hyperbolawill be
plotted.

KEYWORD: hyp_color =0
Thisisthe pen color to use to plot the hyperbola and the cross representing the object's center. The valid
rangeis O (black) to 255 (white).

kkkkkkkkkkkkkkkk*k MODI FYI NG AND CONTROLL' NG EPS OUTPUT kkhkkkhkkkkkkkkkkkkkkkk*k

A filename must be defined for the “eps_outfilename” keyword for keywords in this section to have any
effect. These keywords do not affect the image itself. These are options to orient the image with respect to
the paper (see discussion of vx1 and vx2 above for portrait mode) and to add page numbers and figure
captions to the EPS image.

NOTE: “portrait and “use _11x17" are used only from the FIRST command file.

KEYWORD: portrait ="FALSE"

Set this keyword to "TRUE" to get Encapsulated PostScript output in portrait orientation. In portrait
mode, the bottom of the page is the short edge. The default is landscape orientation (bottom of pageis
long edge).

KEYWORD: use_11x17 = "FALSE"
Use 11 x 17-inch paper if "TRUE”. 8.5 x 11 in. paper is the default.

The next keywords allow the user to include a "figure caption™ on the printed EPS page. The caption can
appear on either the short or long edge of the paper (regardless of whether the image is being printed in
portrait or landscape mode). Available fonts depend on the PostScript printer being used. The standard
character sets found on typica PostScript printersinclude: Times-Roman, Times-Italic, Times-Bold,
Times-Boldltalic, Helvetica, Helvetica-Oblique, Helvetica-Bold, Helvetica-BoldOblique, Courier,
Courier-Oblique, Courier-Bold, and Courier-BoldOblique.

NOTE: Y ou specify the number of inches from the left and bottom sides of paper for the LAST line of the
caption; hold the paper in front of you oriented so that the edge the caption isto be printed on is at the
bottom. Thereis no check to seeif aprinted line is going to run off the page to the "right", so you must be
sure to limit the length of lines appropriately. Also, proportional fonts may cause unexpected effects as far
aslining up text. Here is an example from Steve Duke's MS Thesis (Colo. School of Mines):

caption = "Figure 3-6 900 MHz pulse signatures from zero to one"
" wavelength separation in air at normal incidence."

A maximum of 2000 characters may given, however, for now the image may cover upper linesif more
than 2 lines are specified.
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NOTE: These values are only used from the FIRST command file. These characters appear ONLY in the
output file and NOT on the CRT.

KEYWORD: eps_select_font = "Times-Roman"

KEYWORD: caption_font_size =12
Thisisthe point size (72 points per inch).

KEYWORD: caption_left_edge=1.25
Inches from "left" side of paper.

KEYWORD: caption_bottom_edge = 1.00
Inches from "bottom™ side of paper.

KEYWORD: caption_long_edge = "FALSE"
Set to "TRUE" to print on long edge, otherwise caption is on short edge.

KEYWORD: caption =""
"" indicates no caption.

The next parameters allow the user to include a page number on the figure. The page number is always
printed with the page in portrait mode. Y ou specify the distance in inches from the left and bottom edges
of the page to the lower left side of the page number. The page number must be a string to allow for such
casesas'ix', V', 'Al', 'B-2, etc. A maximum of 200 characters may given. 'pagenum' can also be used to
add running headers or footers to the figure.

NOTE: These values are only used from the FIRST command file. These characters appear only in the
output file and NOT on the CRT.

KEY