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Introduction

GPR-SLICE is interactive software for processing and creating images
of ground penetrating radar reflection data. GPR-SLICE integrates
radargram profiles taken over a survey grid to produce horizontal time
slice maps of radar anomalies in the ground. Time slice maps can
effectively show the size, shape, location, and depth of buried targets.
Subtle reflection features that are indistinguishable between adjacent
radargram profiles can be imaged and detected on time slice maps
created from 3D volume datasets. A recent book entitled GPR Remote
Sensing in Archaeology (Goodman and Piro ISBN 978-3-642-31857-3)
discusses the processes involved in making images from GPR data. Time
slice maps of GPR data have greatly improved the quality and utility of
this relatively new geophysical tool for a variety of applications.

GPR-SLICE provides a complete and single software package that
interfaces directly with raw radar field data, processes the raw data, and
creates a multitude of possible image presentations. A few of the main
features of GPR-SLICE Software are:

e automated survey information file creation

e ecasy file/data management with quick controls to change
between survey data

e resampling of radargrams from survey wheel or user inputted
markers

e standard gridding menus for creating time slice maps and 3D
volumes

e easy batch time slice creation and processing controls called
BlueBox Batch runs from raw data to final 3D volume generation

e integration of all the multi-channel formats and navigation from
the main GPR manufacturers

e plane pixel map menu for showing many slices on a single
screen

e radargram batch processing and radargram and 3D radargram
displays

e examine radargram processes quickly from up to 5 directories on

a single screen

3D volume displays including:

X, Y, or Z volume slices

mouse control fence diagrams

isosurface rendering and isosurface trajectory animations

various standard volume cutaways

static corrections for topography and the unique correction for

antenna tilt-statics



easy transform controls for enhancing time slice maps
exportable animation menu

staggering correction

automated mosaic corrections for large scale / multi-grid surveys
complete GPS navigation

GPR-SLICE was developed for need to have a comprehensive but easy
way to quickly process the enormous amounts of radargrams collected in
the field. GPR-SLICE makes it possible to quickly obtain 3D images of
radargram profiles right in the field. Sites the size of 20m by 20m
collected at 0.5m interval can have complete time slice analysis done in
less than 20 minutes, making on site evaluations accessible and easy.
Trajectory renderings and 3D volume displays are easy to create within
GPR-SLICE allowing for animated movies of progressive transparent
renders as well as a multitude of 3D displays.

Most importantly, GPR-SLICE is a user’s software. The future
directions of the developments in the software come from user’s input.
Many of the new features created in GPR-SLICE are what users need to
image and provide that needed specific controls for their GPR datasets.
Whenever the latest version for GPR-SLICE has been updated, it can be
downloaded from the Subscribers Only page of the www.GPR-
SURVEY.com.

What's New in V7.0 in 2017, 2016

o Google map import into OpenGL Volume

o Specialized vector volume addition menu to synthesize data
taken on varying surface structures (such as a 4 side square
column)

o Spreadsheet editing of OpenGL Volume drawn objects

o Spreadsheet editing of GPS track listings

o Combining up to 3 different antenna frequencies into a single
radargram

o Vector imaging for rooms, walls and circular structures made
simple with menus to automatically set the vector navigation
files

o Compilation of 3D Vector xyza data volume from 3D vector
radargrams after slice/resample operations

o GPS multi-radargrams display options: 1) GPS full scale
2)GPS equidistant scale and 3) GPS 1-scan per 1-pixel

o GPS post processing from master.gps file


http://www.gpr-survey.com/
http://www.gpr-survey.com/
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Independent axis labeling for depth and time now
accommodates seismic reflection profiles and velocities

Time to depth radargram conversion using the Horizon menu
and layer interval velocities

Shade color display

Multiple instances of GPR-SLICE running from separate
software folders

Radargram thresholding and filtering

FK (frequency-wavenumber) radargram filtering

32-bit radargram processing

Customized trajectory animations in OpenGL

OpenGL Volume XYZ-2D menu augmented with radargram
displays on Zscan anomaly picking

Roll/pitch/yaw added to direct compilation of multichannel
data to 3D radargram volumes

Negative/opposite — low amplitude isosurfaces

Radargram differencing

Auto hyperbola detection with a 3 & 5-point vertical search
help button

Advances in utility mapping functionality with anomaly picking
on 2D radargram and 3D volumes to export to pipe features
2D-FFT processing of time slices to filter spatial frequency
components

Complete one button batch processing - BlueBox Batch
processing from raw data to final 3D volume generation
BlueBox Batch processing for XY decoupled grid generation
useful in concrete and high density cross grid surveys
Advances in Multi-Channel array integration for all the
manufacturer — IDS Stream, 3D Radar, Mala Mira, Terravision
along with BlueBox Batch processing with a special available
menu for super large sites

Direct 3D volume generation for multichannel GPS systems
(or high-density single channel datasets) without
slice/resample or gridding operations

OpenGL XYZ-2D menu for tracking real time anomalies in Z
planes directly onto the X and Y fence cuts in a volume all
shown in a single dialog

OpenGL Volume TSPoints operations for real time capturing of
user defined anomalies and expanded drawing tool operations
Vector Imaging and integration with accelerometers for
mapping radargrams into their real 3D space

Automated hyperbola detection and storage of peak
responses of hyperbola for a variety of applications



10

o Zond, Mala X3M, CX11, CX12, GSSI SIR 4000, GeoScanners
Akula, Transient Technologies, GeoTech, Loza, and UTSI
Electronic multichannel, SEGY multichannel, Isung
multichannel, Impulse Radar Raptor multichannel equipment
added

GPR-SLICE v7.0 has complete 1 button BlueBox Batch processing
from conversion to processed 3D volumes! The user can set a variety of
parameters for processing in any menu, and then begin the complete
batch processing. The settings can be easily saved or recalled to any new
project, allowing the user to quickly and easily process a similar dataset
with the same desired settings and batch filter processes. Batch
processing is also available for all multichannel GPR systems as well.

GPR-SLICE v7.0 batch processing is referred to as "BlueBox”
processing, since although a single button can be used to generate final
results from raw radargrams, the user needs to learn what settings are
needed to achieve the desired imaging. The concept of BlueBox
processing is introduced to distinguish it from "“black box” processing
where the user has no direct interface with any of the steps in generating
3D volumes of GPR reflection data. Complete descriptions of BlueBox
Batch processing is given in section XIII after the user has familiarized
themselves with the basic flow of operations in GPR-SLICE.

Automated hyperbola detection has been integrated into the
Hyperbola Search menu to assist investigators in their quest to map
deterioration of bridge decks or other engineering sites constructed with
rebar. The Automated hyperbola options can be used to tabulate and
map amplitudes of hyperbolas which are necessary for evaluating
concrete conditions and weathering. A complete description of the auto-
hyperbola detection algorithms is provided in the special topic section I.

Road evaluation and mapping of road layers is becoming an important
part of infrastructure evaluation. GPR is one of the most important
geophysical techniques to assist in remote detection and mapping of road
layer stratigraphy.  GPR-SLICE horizon mapping and detection menus
have been enhanced to report stratigraphic layers following the Caltrans-
Standard. The California Dept. of Transportation (Caltrans) has a
specified format for reporting of GPR surveys and to place these data into
convenient form for integration with GIS software. GPR-SLICE was
enhanced to meet the Caltrans requirements. In addition, GPR-SLICE
was advanced to include metal plate calibration algorithms to help
extrapolate and estimate subsurface thicknesses. The complete

10
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description of horizon mapping and detection is further details in the
Static section of this manual.

Multi-channel imaging is becoming more frequent in GPR
investigations. GPR-SLICE integration of multi-channel systems now
includes the Mala Mira, IDS Stream, 3D Radar of Norway and the GSSI
Terravision multi-channels systems. Navigation and integration of the
multi-channel configurations are now completely seamless in GPR-SLICE
and easy to import for starting BlueBox Batch processes. The complete
details of enhances to multi-channel processing in GPR-SLICE is given in
the supplemental manual to v7.0 available on the website.

11



12

Installing GPR-SLICE
The steps to install GPR-SLICE V7 are:

1) Create a folder c:\slice\v7.0\ directly on your local drive
2) Unzip the GPR-SLICE v7.0 New Users.zip file emailed to you.
3) Copy all the contents to the folder created in step 1.

4) Run the CBUSETUP.exe in the V7.0 folder which will install the security
device driver. CBUSETUP.exe can also be located on the www.marx.com
website on the download support page, should the latest driver be
needed.

5) Locate the application GPR-SLICEv7.exe and make a shortcut to it for
convenience.

... you now are ready to run the software.

To test whether the software has been installed properly you will need to

first create an initial project folder. Go to the Files menu and click on
the Create New Project. Enter a name and then click New Survey. After
this go to the Options menu and examine the menu (shown in the
diagram on the next page. Look at the Range Axis settings. If you have
labels next to all the radio buttons such as m, ft, yd etc...then you have
properly installed the software. If any blanks appear next to the radio
buttons, then the software is not installed properly. In this case, check
the name of the folder to make sure it was created properly. If you still
have problems contact dean@gpr-survey.com.

Note: GPR-SLICE software can also be run from any disk drive. Make
sure that whichever disk drive is being used that the \slice\v7.0 folder
has complete open access and that all the files in the folder do NOT have
the read only checkbox engaged. To change the file access rights click on
the v7.0 folder and go to properties list item. Uncheck the read only
switch if it is engaged and then update the access in Windows.

12
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The V7.0 environment has a lot of flexibility to adjust and place many
different control menus on the screen at one time. Your ability to place
and size controls on the menu is perhaps directly related to your

eyesight.

The user should adjust menu font sizes for their particular

computer display so that the menu items are visible to them. To set the
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size of the control menus in V7, click the easy option taskbar button and
adjust the menu font size. To see the changes, close the options menu
and then reopen to see how the size has been adjusted.

GPR-SLICE: Ground Penetrating Radar Imaging Software: treasure
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Depending on the native display resolution detected, each of these
screen sizes will have an optimum sizing for the menu font size setting.
Typical values for the menu font size 8 can be used for many displays,
but the user can change this value from 6 for small menus/fonts to about
11 or 12 for very large menus/font sizes. If your eyes are good, you can
reduce the menu font size. Ultimately you will be able to have more
control and graphic dialogs with less overlap the smaller you set the
menu font size. Users can also run and make all the control and graphic
dialogs full screen if they like. In the above example, 2 control menus,
the Pixel menu and the 2D Radargram menu are all displayed
simultaneously in V7. For most menus, after they are closed, V7 should
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remember the location the next time they are launched. The user can
mix and match control dialogs with graphics dialogs.

Note: The user should destroy all processing dialogs before moving on to
do other processes in the program. Graphic dialogs however, can be left
up on the screen to compare with other graphic dialogs created. You can
of course have other applications up and running while V7 is running.

Multiple Instances of GPR-SLICE

Since the inception of GPR-SLICE for Windows in 2002, the software
was required to be run through the c:\slice\v7.0 folder or other version
folders since v4. This requirement has been relaxed and GPR-SLICE
can now be launched from any user defined directory. This new
features allows the wuser to run multiple threads of GPR-SLICE
simultaneously as long as the project folders are different and multiple
copies of the software installation are created in separate folders. There
is no limit to the number of simultaneous threads of GPR-SLICE that can
be run. This new feature in GPR-SLICE is particularly valuable for
multichannel users or for single channel projects that take significant time
to process, allowing the user to work on several projects at the same
time. To utilize multiple threads options for GPR-SLICE, just copy
the entire contents of the v7.0 folder t different unique folder (s) name.
The software can be launched from any folder or from as many replicated
folders as you like - you are not limited to two application threads
running simultaneously. Running multiple applications of GPR-SLICE
from different folders is thread safe as all log and work files during
processing have been localized to the folder where the software is
launched. Windows will probably decide what CPU core to use for
additional threads.

Note: The active project folder name from the separate GPR-SLICE
threads must be different and you should not run operations on the same
project folder.

Note: GPR-SLICE is not thread safe for most applications from within a
single instance of the software. This means, that if you running the filter
menu for example and doing some batch process and then decide to run
the radargram menu or some other radargram menu operation, the filter
menu will be stopped, and control will go over to the radargram menu.
This can also cause some confusion and unpredictable results. However,
with the new relaxation of the folder where the software is run from in
2016, multiple instances of the software can be launched!!!
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Quickstart Introduction: 2D Time Slices

© GPR-SLICE:  Ground Penetrating Radar Imaging Software: treasure
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter Static Animation Help
transfer data
create new info
edit info file
convert data
grid plot
gps track

BlueBox batch processing
BlueBox: load/save

BlueBox: basic

BlueBox: basic + RSP

BlueBox: basic + radargram editing
BlueBox: basic + radargram editing + RSP
BlueBox: xy decoupled gridding + RSP

In this quickstart introduction to GPR-SLICE V7.0 Software, we are
going to go through all the elementary steps needed to create 2D and 3D
time slices. V7 was written for the flow of control moving from top to
bottom in the pull down menu, and then left to right. The 10 general
steps to produce a series 2D time slices are:

STEP 1. create new project
2. transfer data
3. create new information file
4. edit info
5. convert data
6. reverse data (if necessary)
7. set, correct, or assign navigation
8. slice/resample/xyz
9. grid xyz time slices
10. display time slices

The first 5 steps are all contained in order within the Files pull down
menu. So if the user ever forgets what do next, just go down in the
menu to the next step. (In the Files menu, the user can also show grid
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plots, GPS grid plots and other operations; however, these are not critical
to making your 2d time slices. The user can retrieve projects in the Files
menu by clicking on the select project item).

© New Survey: treasure _ ol x|

Browse |
Survey Name Itreasure
Select Equipment Type
Dat Dir | \dat\ Moggin -
Grd Dir | \grd\, Pulse Ekko —
Jpg Dix E}g\ survey Pulse Ekko Pro
Mala
3D file Dir [\3DAfilet Mala Mira
Mala CX11
Raw Dir. |‘rawt Mala X3M
ir. | \radar\ IDS
EE D!r. Yesample! IDS Stream
Resample Dir. P SIR 20
Filter Dir | ¥filter\ SIR 2000
Migration Dir. | \migratel SIR 30
Hilbert Dir.|\hilbert\ SIR 3000
i 5SS| SSmini
Boxcar Dir. | \boxcar\ Terravision
Bandpass Dir. | \bandpass! US Radar
Topo Dir. | ‘topat 3D Radar
Regain Dir. | \regaint ggg;’ .
Deconvolution Dir. WEFOHV\ Pulse Radar
Work Dir. | \editt UTSI Electronics 4|

Step 1. Create New Project

Clicking the Create New Project button will launch a dialog asking for
a new project name as well as the GPR equipment type used. The user
can first Browse for any folder, then type in a name for project. In the
example above a project called “treasure” is created directly at
c:\treasure\ without browsing for any other main folder. Clicking the
New Survey button will generate the project folder with 16 subfolders: 12
radargram folders for storing radargram signal processes and 4 other
folders for imaging output. (In addition, two radargrams folders called
work2 and work3 are made for future growth). The user can explicitly
create projects on any separate external or internal hard drives.
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® Import Data to Project: \treasure\ :complete - O

41 files found

filename | size (kb)

IYRD41.0T1 106128

IYRD41.HD G600

IYRD42.0T1 106128

I7RD42HD 596

I7RD43.0T1 106128

< »
file type:  |** | ceet | append identifier

startfrom: | C:\kisatchielfreshmaniraw browse | I import radargram data to \raw folder I

Step 2. Transfer Data

After completing steps 1-3 the user needs to import data into the
GPR-SLICE project folder. The transfer data option available in the Files
menu is operated by:

1) Click the Browse button to locate the root of the folder where the raw
GPR data (and header files for Mala and Sensors and Software) reside.

2) Click the file type, e.g. *.dzt for GSSI, *.dtl for Sensors and Software,
*.rd3 for Mala. (For Sensors & Software, Mala equipment, one can
also simply choose *. * which will insure that the *.hd or the *.rad
files or any log files such as GPS are also transferred into the raw
folder of the project).

3) Click the Search button to display the files into the dialog

4) Click the Import radargram data to \raw\folder button to begin
transferring the raw data into the project.

Note: There is an option to import all the files from a survey with an
Append identifier in the Transfer Data menu. This is useful when multiple
grids nearby are to be combined into a single comprehensive process but
when the separate grids might have the same filenames and unique
names are needed
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© Create Information File: treasure N [=]$3
filename Iinfg_dat Create profile name x0 x1 y0 y1
’ info

# of files I 20 37rd41.dt1 0 0 0 10
= : 3Trd42.dt1 5 5 0 10
file identifier [ 37 e.g fle_ 000>>file__ 001 !
P 37rd43.dt1 1 1 0 10
ending identifier
g (" dzt @ dt1 (" rd3 ¢ sgy ( .dt  custom = = = 0 0
fameincemen: | 1 | 37rd45 dt1 2 2 0 10
profile name startl 41 37rd46.dt1 25 2.5 0 10
37rd47.dt1 3 3 0 10
[ 37rd48.dt1 35 3.5 0 10
nav files
Cx @y (xy (angt GPS |¢ vector 37rd49.dt1 4 4 0 10
37rd50.dt1 45 45 0 10
Xstartl 0 X end I 95 37rd51 dt1 5 5 0 10
¥ stat [ G Y end [0 37rd52.dt1 55 55 0 10
37rd53.dt1 6 6 0 10
unib’marker|1— 37rd54.dt1 6.5 6.5 0 10
i 37rd55 dt1 7 7 0 10
1
| 37rd56.dt 75 75 0 10
samples/scan| 200 37rd57.dt1 8 8 0 10
resampled scans!mrkl 32 37rd58.dt1 8.5 8.5 0 10
: 37rd59.dt1 9 9 0 10
binary resol. (~ gbit (& 16 bit !
37rd60.dt1 9.5 9.5 0 10
file Iistl vl
append Iistl
append namel info.dat Append |

il Import \raw\ | next> | <prev |

*.* radargram identifier

*vol GPS Import browse |
*vol GPS + * nav offsets

*wol XY XY

IDS Gred export LI

Step 3a. Create New Info

Turning on the Create New Info menu item will open a menu to help
the user create a list of names and location of radargram profiles across a
site (Figure 3). In the example, 20 profiles parallel to the y axis of a
survey site are 10 meters in length and collected 50 cm apart from 0-9.5
meters. The filenames began with the 37rd41.dtl1 and ended at
37rd60.dtl. The unit/marker is 1, the time window of the survey is 80ns,
200 samples/scan were used to digitize the radar scans, and a resampled
scans/marker of 32 is set for resampling of radargrams. In this example
the user wishes to process the data as 16 bit radargrams.

Clicking the Create Info button will make an info.dat file containing
the names shown with the specified line lengths and starting locations.
The user can insert other information file names, however, the names
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must all start with the prefix “info”, thus infol.dat, infoall.dat, etc. are all
valid information filenames.

All the names in the \raw\ folder of the project can also be quickly
imported using the import button in the Create New Info menu. The
button will read the user set radargram extension to see what filenames
to propagate into the information file. The user will need to usually edit
the locations on the ground from X, y, or xy survey import in the Edit Info
File menu. For GPS surveys, the import button is the quickest way to
generate the information file for the project.

Additional Information:

The scans/mark is the number of scans to resample the radargrams to
during the slice/resample process in the Slice Menu. This value should be
set to a reasonable size. If it is set to small, radargrams will look
pixilated and loss of information will occur. If the value is set to big, then
the files will be increased in size unnecessarily and will slow down GPR-
SLICE processes.

For example, if the user desires to have about 1 radar scan per 5 cm on
the ground, then if the recording unit is 1 marker/meter, then setting this
value to 20 will cause 20 scans to be resampled between meter marks
within the radargrams. The user may also choose an appropriate value
for showing smoother radargrams during the display to the screen if the
radargrams are very short in length. The scans/mark are written to the
header of the information file only - it does not cause any action to occur
on the radargrams until processing in other menus is desired.

The unit/marker is the distance between user markers that has been
placed within the radargram data. For instance, if survey markers were
placed every meter, then the unit/marker would be set to 1. In the case
of using English units and for an example where ft. is the unit of
measure, then for a survey where markers were place every 2ft within
the radargrams, then the unit/marker should be set to 2. For surveys
conducted with a survey wheel, the user can use the markers placed in
the data by the survey wheel. For a case where survey markers were
placed every 5 meters in the data, the user would use a unit/marker of 5.
(In the case of survey wheel use, because the data are evenly collected,
the user can in fact use an arbitrary value for the unit/marker that they
would like ‘artificial” markers placed within the data. GPR-SLICE only
shows range locations based on the actual markers written within the
headers of the radargrams. This is done to help the user to make sure
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that resampling processes have been completed properly before higher
order processes, such as migration, etc., are performed on the data.
Thus for display of radargrams with a unit/marker of 5 for example, range
labeling will only be written at 5m spacing. To get 1 meter displays
between range values on the radargram displays the user will need to set
the unit/marker to 1 for Survey Wheel operations only. GPR-SLICE will
read the profile information from the survey information file and will tag
the radargrams in the MARKERS MENU during operations in this section.
Note: User inserted markers cannot have the unit/marker arbitrarily
chosen as you can do with the Survey wheel - only the actual
unit/marker should be used in this case.

The user has the option to set a radio button for either doing all
processing in 8 bit or in 16 bit radargrams. If the raw data are 8 bit
radargrams, then only 8-bit processing is available. 16 bit radargrams
can be converted to 8 bit radargrams and all radargram processes after
that will be in 8-bit resolution. Only 16-bit processing is recommended
these days since disk space is not a problem! Currently, 32 bit
radargram formats and converted down to 16 bit for processing in GPR-
SLICE. Future version will have flexible format if 32 or even 64 bit
radargrams become the norm. Currently only one manufacturer has 32
bit formats for a limited number of equipment.
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© Edit Information File: \treasure\info.dat -of x|
| | profile name x0 x1 y0 yi division
info1.dat j—
info12.dat hd 1 | 37rd41.dt1 |0 0 0. 10. [
: 2 | 37rd42.dt1 |05 05 0. 10. [
info.dat 3 [37rdd3.dt1 o [ 1 0. 10. I
save edits | 4 |37rd44.dt1 (15 15 0. 10. -
shift x0 | shift x1 | name + 5 | 37rd45.dt1 |2 2 0. 10. [
lT shift yO | shifty1 | name - 6 | 37rd46.dt1 |25 25 0. 10. [
times x0 | times x1 insert 7 | 37rd47.dt1 C |3 3 0. 10. I
times y0 | times y1 delete § | 37rd48.dt1 C 35 35 0. 10. r
rotate 9 | 37rd49.dt1 |4 4 0. 10. I
ety B oetis | 10 | 37rd50.dt1 |45 45 0. 10. [
B to utm 11 | 37rd51.dt1 |5 5 0. 10. Il
m 12 | 37rd52.dt1 |55 55 0. 10. Il
- 13 | 37rd53.0t1 C |6 ] 0. 10. Il
14 | 37rd34.dt1 |65 6.5 0. 10. [
NMEA to utm Array to nav 15 | 37rd55.dt1 |7 7 0. 10. [
brwse x0x1y0y1 16 | 37rd56.dt1 |75 75 0. 10. I
Ozzie to utm 17 | 37rd57.dt1 C |8 8 0. 10. Il
GPS get list 18 | 37rd58.dt1 |85 85 0. 10. [
LLto UTM 19 | 37rd59.dt1 |9 9 0. 10. [
20 | 37rd60.dt1 |95 95 0. 10. [
GPS get yaw |
21 C I
22 t"‘ Il
Ang, X, Y, XY to Vector 23 s n
unitfmarker [ 1 24 C r
time window ns | g0 25 C r
samples/scan | 200 next= | <prev | sortr | %0 to x1 | sort x | X==y sorty | yOto y1
resampled scans/mark | 32 — X1 toy0 =T

resampled resol. ¢~ g it 16 bit

Survey type: M
Xy

del even

recover

sort multichannel |

L[]

*Only the buttons and menu items specific to the set GPR manufacturer
will be shown in the runtime menu. Shown in the Edit Info File menu
above, is a typical look of the menu. This can vary depending on the
manufacture. The blue area is where either GSSI, SS, MALA, US Radar,
GSF, Zond, UTSI, 3D Radar, SEGY, SEG2 etc. will appear depending on
the equipment set for the project. There are also many navigation
buttons for various operations and log file conversions that will appear.
The typical ones are shown. A further description is given in the next
section.

Step 4. Edit Information File

If some line lengths need to be edited, then the user can enter the
edit info menu and adjust the line length or the starting locations. To
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save the editing changes the user needs to click the save edits button.
This will update the info.dat file. The user can also save the edits to a
different filename by typing in a name above the Save Edits button. By
clicking the save edits button in this case, the changes will be written to
the inserted filename. However, only the original information highlighted
in the top menu item is active in the menu slots shown to the right.

The user can also insert or delete lines in the information file by click
the radio button next to the profile name and then clicking “Delete” or
“Insert”. Before clicking these buttons, if any other changes have been
typed in manually, the user should click the “Save Edits” button before
clicking the “Delete” or “Insert” button. Making a radargram name blank,
and the clicking “Save Edits” will also remove a radargram to the updated
information file.

If filenames have been skipped in the field data, then the user can
quickly increment a name in the information file by clicking the radio
button next to the profile file name that has been skipped, and then
clicking the Name+ button to skip (and increment) that profile. For
instance, if 37rd55.dzt was not collected in the field if this was a bad line,
the user can click that radio button next to this file, then click Name + to
increment the filename to 37rd56.dzt. All the radargram names will be
incremented by 1 at this location. Hitting Name + several times will
continually increment only the filenames. (Note: this feature will usually
work if the file was initially created in the Create New Info menu, as
settings there are being read in to this quick fix function).

There are various buttons in the Edit Info File menu that will extract
header information and do various operations such as creating the GPR-
SLICE navigation files *.*.gps. A partial list of the description of these
buttons that occur with several of the manufacturers supported by GPR-
SLICE is as follows:

GSSI getxy GSSl getts |
G551 to utm
G35l Tstamp
333] Tstamp nav
G55! dzg utm 555! dzg2 utm |
GSSldzgnav | GSSIdzg2nav |

GSSI get TS: Extracts the time window and samples stored in the GSSI
header and places in the active information file.
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GSSI Get XY: Extracts the survey wheel length stored in the GSSI binary
header and places into the x or y columns of the active information file.

GSSI to UTM: Creates GPS log files for non-synced- older GSSI systems

GSSI Tstamp: Creates synced GPS log files for GSSI equipment
supporting *.tmf time stamps file and *.plt/txt NMEA files

GSSI Tstamp Nav: Creates synced total station log files for GSSI
equipment where *.tmf time stamp files and *.plt/txt files with standard
NMEA formats

GSSI DZG,2: Creates GPS log files for older and newer GSSI equipment
where trace numbers and NMEA strings are reported in the same log file.

GSSI DZG NAV,2: Creates total station log files for older and newer GSSI
equipment where trace numbers and NMEA strings that have total station
data in the lat/long position are reported

MALAgetxy | MALAgetts

MALA to utm
MALAto nav

Mala2 to utm |

MALA get TS: Extracts the survey wheel line lengths for Mala Geoscience
radargrams from the *.rad header files and updates this into the
information file.

MALA Get XY: Extracts the survey wheel line lengths for Mala Geoscience
radargrams from the *.rad header files and updates this into the
information file.

MALA to UTM: Creates the *.rd3.gps files from Mala Geoscience *.cor
files that have NMEA strings. The GPGGA NMEA string is used to convert
latitude and longitude readings in these files into UTM coordinates which
are used in GPR-SLICE operations.

MALA to NAV: Creates the total station log file from *.cor where the
NEMA string lat/long are replaced with total station information.

MALA2 to UTM: Creates the GPS log file for an alternate *.cor log file
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SS get xy | 5SS get ts

S5 to utm
S5 to nav

SS get TS: Extracts the time window and samples/scan for Sensors and
Software equipment from the *.hd header files and updates this into the
active information file.

SS get XY: Extracts the survey wheel line lengths for Sensors and
Software equipment from the *.hd header files and updates this into the
active information file.

SS to UTM: Creates the *.dtl.gps files from Sensors and Software *.gps
files that have NMEA strings. The GPGGA NMEA string is used to convert
latitude and longitude readings in these files into UTM coordinates which
are used in GPR-SLICE operations. (More discussion is given in the GPS
section of this manual).

SS to NAV: Creates the total station log files from Sensors and Software
*.gps files that have the NMEA string formats containing the total station
information in the lat/long position.

IDS get xy | IDS get ts

DS geox
IDS Sstamp utm
IDS Sstamp nav

IDS get TS: Extracts the time window and samples/scan for IDS of Italy
equipment.

IDS get XY: Extracts the survey wheel line lengths for IDS of Italy
equipment and updates this into the active information file.

IDS get GEOX: Compiles GEOX manufacturers navigation files

IDS Sstamp UTM: Reads native GPS and corresponding scan stamps
stored in the radargram headers to create synced navigation files

IDS Sstamp NAV: Reads native GPS formatted files where lat/long are
the total station X,Y to create synced navigation files
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US Radar xy US Radar ts |
US Radar utm

US Radar TS: Extracts the time window and samples/scan from the US
Radar header and places in the active information file.

US Radar XY: Extracts the survey wheel line lengths from the US Radar
radargram and places in the x or y menu slots of the active information
file.

GSF get xy GSF get ts
GSF to utm G5SF to nav

GSF get TS: Extracts the time window and samples/scans from the
GeoScanners header

GSF Get XY: Extracts the start and end points of the radargrams from
*.gsf GeoScanners header.

GSF to UTM: Creates the GPS log files for GeoScanners equipment by
reading the *.gsf header

GSF to NAV: Create total station log files for GeoScanners equipment

Zond get nav | Zond get ts

Zond get TS:  Extracts the time window and samples/scans from the
Zond file header

Zond get NAV: Extracts the start and end points of the radargrams for
the Zond radargram header.

SEGY getts
SEGY to nav
SEGY to nav2

SEGY get TS: Extracts the time window and samples/scan from SEGY
seismic data tape headers

SEGY get NAV: Extract the navigation from the SEGY trace headers
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SEGY get NAV2: Extracts the navigation from SEGY trace headers that
are written in alternate group coordinate locations.

3DRadar utm
3DRadar utm2

3D Radar UTM: Convert 3D Radar GPS log files into GPR-SLICE log files.
3D Radar UTM2: Alternate 3D Radar GPS log file format convert to GPR-
SLICE log file format

UTSI get xy UTSlgetts |
UTSl ta utm

UTSI get TS: Extracts the time window and samples/scan from UTSI
Electronic radargrams

UTSI get XY: Extracts the survey wheel length and places into the active
information file

UTSI to UTM: Creates the *.dat.gps file from a UTSI Electronic *.gpt files
that have NMEA strings listed.

There are several button operations that will appear in the Edit Info File
menu no matter what the manufacturer is:

NMEAto utm
NMEAto nav
brwse x0x1y0y1
XyZ to nav
GPS get list
LL to UTM

GPS get yaw

Ang, X, Y, XY to Vector |

NMEA to UTM: A button that will read a GPGGA NMEA string GPS file and
convert this file to standardized GPR-SLICE format with UTM coordinates.

NMEA to NAV: A button that will read a total station GPGGA NMEA string
total station x and y written into the lat/long position and convert to GPR-
SLICE log file format.
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BRWSSE X0X1Y0Y1: Imports an external file with 4 columns and comma
delimited of x0,x1,y0,y1 and inserts this into the active information file.
The number of lines in this external file must correspond with the number
of files in the active information file.

XYZ to NAV: Launches a menu to set custom imports for navigation log
files associated with each radargram where the columns and skipped
header lines and file extensions are set.

GPS Get LIST: Updates the number of GPS/total station readings in the
GPR-SLICE log navigation files and inserts these numbers (less one) into
the y1 slot of the active information file.

LL to UTM: Imports an external file of with 4 columns and comma
delimited of LatitudeO, Latitudel, LongitudeO, Longitudel for the start
and end points of radargrams and will convert to easting0, eastingl,
northing0, northingl in the information file.

GPS GET YAW: Will launch a menu for setting read formats for
customized *.*.gps file and *.yaw file and will make calculations to place
the scan vector into columns 9,10, and 11 of the *.*.gps. (Please see
extension discussion of this in the Vector imaging section of the manual).

ANG, X, Y, XY to VECTOR: Converts ANG, X, Y, or XY surveys to Vector

surveys (see Vector imaging for more information on this conversion and
its purpose).

There are a variety of buttons on the bottom of the Edit Info File menu.

next> | <prev | sortr | x0toxt | sotx |  x=>y sorty | yOtoy1
x1 to y0 rev file

del odd Y

del even

recover

Rev File: This operational button will read the reverse file information
and interchange either the y0/yl or x0/x1 slots to note the direction of
the recorded radargram. (Note this option should usually not be used if
the radargrams are reversed in the Reverse menu).

X0 to X1 - interchange columns
Y0 to Y1 - interchange columns
X>>Y - interchange X0, X1 with YO, Y1
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SORT X - sort x via the smallest to largest

SORT Y - sort y via the smallest to largest

SORT R - sort the information file based on the name

DEL ODD - delete every odd profile from the active information file
DEL EVEN - delete every even profile from the active information file
RECOVER - recover any edit changes

shift x0 | shift x1
5 shift yO | shift y1
times x0 times x1
times y0 times y1
rotate

Independent shifting/multiplication of individual columns in the
information file using a user set value. The Rotate button will adjust the
current information file and write an inforotate.dat file with X, Y, XY or
Ang surveys rotated to the new coordinates.

Radargram Conversion: treasure - B
output | \radar Noggin 16 to 16 bit input | \rawlinfo_dat

SS Noggin 16 to 16 bit + gaining + format conversion: treasure - O
scroll+ gain reset 37RD41.0T1 ~  new rad S
scroll- |Iﬂ.ga\ﬂm 37RD42,DT? v wobble length

[ - store gain curve
check gain exp.gain| 1 age gain batch gain

= import gain curve e

chek ghwob |f|start pt (1-16)] 4 make gain ‘ batch gain-wobble

right mouse-lock scan scan#= 200 sample # = 1 time (ns)=0. binary # = 164

. breakpoint= 9
BlueBox Run gain step[ 1 gain = 73.35 37RD41.DT1 wobble length = 20

remove wobble:

1
A

® yes
" no

Wil

=
w

SEFEFEEEEEE

S S S Y S A Y B B B3 EA B B
T

TF W T
Al

Em

/ SS Batch Conversion
total max gain = 200

o
©

=
il

input radargram Yraw\37RD60.DT1

converted radargram  ‘\radar\37RD60.DT1

processing scan 129 of 201

cancel
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Step 5. Convert Data

All GPR manufacturers’ data needs to be converted to GPR-SLICE
format. GPR-SLICE v7.0 currently provides for conversion of radargram
formats for Geophysical Survey Systems Inc. of New Hampshire, Sensors
and Software of Canada, and Mala Geoscience of Sweden, US Radar, IDS
of Italy, 3D Radar of Norway, GeoScanners, Zond Radar, UTSI Electronics
from the UK, and SEGY/SEG2. The primary features of each of the
company’s data formats are that GSSI radargrams have gains applied to
the data during field collection, whereas Sensors and Software, Mala
Geoscience, IDS of Italy and most other manufacturers record 16/32 bit
ungained data. If the data are ungained in the field, then 16-bit
recording is necessary to store the information. 16/32 bit ungained
radargrams or 16/32 bit gained radargrams can be converted to 16/32 bit
gained radargrams. Raw recorded 8 bit radargrams from older GSSI
systems are also supported.

Shown in the previous example is a radargram from a Sensors and
Software equipment. A gain curve was designed on the left hand drawing
menu and is shown applied real time to one scan. The user can redefine
and set the total gain to be applied in the graphic window for applying the
gain curve. In the example, the total gain is set to 200. In some
instances, more gain may be needed to properly gain the signal. Setting
the gain to 300 or even more and then clicking the Reset Gain button will
allow the user to apply more gain to the raw recorded radargrams. In
addition to drawing the gain curve manually, there are also options to
automatically generate a gain curve using the linear gain, exponential
gain, and the gain start point setting and then clicking the Make Gain
button. The example shown has a linear gain of 170, and exponential
gain of 1. The gain is started from the 4t" point down since above this
corresponding point the ground wave is already properly gained and no
more gain is needed here. In this example, the linear gain would
increase linear from the 4t point to the last break point in the gain curve.
The exponential gain curve would further gain faster with depth to a
value of (exp(i/z)-1) where i is depth along the scan and z is the total
depth. The value of 1 is subtracted such that if exponential gain is
turned off, the total exponential gain contribution is 0.

The scan shown with blue lines is the raw radar scan with the gain
applied. Notice that the signal at depth drifts away from the red line
which is the 0 value. This radar scan shows what is commonly called
“dc-drift” or “wobble” noise. This dc-drift from the 0 location can be
removed. The scan plot at the far right with the green line uses what is
called a wobble filter to remove the dc-drift in radar scan. The wobble
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filter computes a running average over a user defined wobble length, i.e.
sample scan length, and subtracts this value from each value in the radar

scan. In the example below for a SS radargram, wobble lengths of 20

scan samples are used in the running average to subtract the wobble.

The default wobble length used is 1/10 the total scan length.

SS Noggin 16 to 16 bit + gaining + format conversion: treasure - B -

scroll+ | z+ gain| 281  gain reset 37RD41.0T1 A newrad B -
- lin.gain| 170 3TRD42.0T e wobble length

scroll- .

- . - store gain cunve -
check gain exp.gamn| 1 age gain batch gain
. import gain curve —_—
chck g/wob [ start pt (1-16)f 4 make gain _— batch gain-wobble

]

right mouse-lock scan scan#= 85 sample #= 115 time (ns) =46. binary # = 146

breakpoint= 12
gain = 217.44 37RD41.DT1 wobble length = 20

o
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An AGC - automatic gain button also exists for all convert menus as
shown in the previous figure. The AGC will try to fit a gain curve to the
data to automatically enhance the lower reflections without trying to clip
the data. The AGC operation can sometimes create what looks like large
jumps or jagged gain curves. If the user does not like this the AGC curve
can also be re-adjusted manually to get a more favorable looking for
conversion.

The dc-drift or wobble noise is seen in all radargrams from all the
manufacturers and is not just in Sensors and Software raw radargrams.
An example of this noise in a GSSI radargram is shown in the next figure
for a GPS collected radargram. The gain curve was generated using the
AGC - automatic gain curve operation. In this radargram the large dc-
drift in the signal can be seen changing from scan to scan which causes
the alternating gray tones to appear on the bottom of the radargram
where the low frequency drift noise exists.
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O
scrol+ | z+

gain| 6.1 gain reset

new rad 52
wobble length

store gain curve
batch gain
import gain curve
—_— batch gain-wobble

right mouse-lock scan scan#¥= 18 sample # = 384 time (ns) =45. binary # = 33857

check gain exp.gain g agc gain

chck ghwob | start pt (1-1 51 3 make gain

breakpoint= 5
gain = 3.99 file 090.dzt wobble length : 52
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To convert the data, the user can click batch gain-wobble. This will
convert all the radargrams in the \raw\ folder to 16 bit radargrams,
subtracting out the dc-drift in the data, and at the same time adding a
gain with time.

The drawn gain curves are stored during either draw/editing or by
clicking the Make Gain button for automatic gain generation. To store a
desired gain curve for retrieval later, the user can type in a name and
then click the Store Gain Curve button next to this menu item. This will
generate a stored file with the appended name “gain-"so that it can be
identified and filled into the import listbox the next time the menu is
entered. Up to 100 different gain curves can be generated if desired
(although such operations should usually never be needed).
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€ Starting Reverse Process - pleas _lolx]
Reverse Info File ’W start |l Reverse Files

. reverse [~ | 37rd41.dt1 @ |0 0 0. 10
frrnmnle =i [ | 37rd42 dif 371d42 dt" 05 05 |0 10,
v ("
BofProfles [0 cove edic  [37d43dti ¢ |1 1 0 10.
4| 37rd44 dtf @ [37daddtt (15 [15 |0 10.
| odd  [straasdt |2 2 0 10.
37rd46 dtf v |3Td46dti (25 (25 |0 10.
even
pside down | I] 1  [staarat  [3 3 0 10.
I all | [erradgatt v |37ddsdti (35 (35 |0 10.
 [3Tddedti (4 4 0 10.
I LI 37rd50 dtt 7 |3mdsodtt ¢~ (45 (45 |0 10.
I‘Er.* even name |  [37d51dtt ¢ [5 5 0 10.
37rd52 ditf W [37d52dtt  ~ [55  [55 |0 10.
[B75_ osdname | e (S 0 10.
W il e | 37rdb4 dt1 v [3mdsadti (65 (65 |0 10.
_ — [3Tdssatt [T 7 0 10.
|1-5 TiE LERT | 37rd56 dt1 W [3Trag6dtt ~ [75 |75 |0 10.
I'ﬂ]m u-channel odd  [37dsTdtl - [8 8 0 10.
37rd58 ditf v [37ds8dtt (85 [85 |0 10.
I]T[m muiti-channel even - [a7rd59dtt |9 9 0 10.
37rd60 ditf @ [37de0dtt  ~ [95 |95 |0 10.

Reverse Radarg X|

Reverse Process Completed

Last reverse executed on: 01-26-2012 07:32:07 -
Total number of files reversed= Il
37rd42 dt1 total number of scans= 201

37rd44 dt1 total number of scans= 201

37rd46.dt1 total number of scans= 201

37rd48.dt1 total number of scans= 201

37rd50.dt1 total number of scans= 201 o
37rd52.dt1 total number of scans= 201

37rd54.dt1 total number of scans= 201 hd

Reset Reverse Log |

Step 6. Reverse Data

If radargrams in the field were collected in the reverse direction, the
reverse process can be used to un-reverse them. This is the next process
that needs to be done on our way to get out a time slice. The Reverse
Menu is kept in a separate item on the main GPR-SLICE command menu.
In this menu the user can choose radargrams automatically that need to
have the radargram binary files reversed. Several buttons, such as Odd,
Even, All, None, Even Name, and Odd Name can be used to automatically
choose radargrams for reversing. For instance, the button Even will
automatically set the 2nd, 4th 6t | radargrams in the info.rev file for
reversing. The button Even Name, for example will choose those
radargrams that end in an even number. This is convenient when
multiple grids have been appended to a single info.dat file, and the user
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had always kept even or odd names as the names for files that were
collected in the reverse direction.

The button Odd Interval can be used to automatically tag the
radargrams for reversing that were collected at in between locations, e.g.
0.5, 1.5, 2.5, 3.5 etc. or if the profile interval were say 0.25m, clicking
the Odd Interval would tag radargrams at 0.25, 0.75, 1.25, 1.75 etc. etc.
The Even Interval button will tag the radargrams at the 0, 1.0, 2.0, 3.0
etc. if the profile interval spacing was 0.5, or at 0, 0.5, 1.0, 1.5 et if the
profile interval spacing were say 0.25.

All of these quick setting buttons are for convenience, however, many
times customized reverse files are needed for lines that are broken or for
other reasons. In this instance, the user will need to keep good field
notes and then they can set those radargrams which need to be reversed
by clicking the checkbox next to these files.

Clicking the start reversing button will begin the reverse process.
Radargrams to be reversed in the \radar\ folder will be rewritten into the
\radar\ folder.

Note: In this process the binary files residing in the \radar\ folder were
reversed - thus they are no longer the original raw recorded data. A log
file is kept for the records so the user can know whether or not they
applied the reverse process to the project.

Note: Several buttons are available for multi-channel surveys when

forward and reverse surveys were done. The operation will read the
number of channels to alternately reverse these consecutive listings.
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® Navigation: treasure - o
Markers

Profile Name Markers  Tagged Errors x0 x1 0 y1
— 37RD41.DT1 11 1 0 & [0 0. 0. 10
P 37RD42.DT1 ] ] 0 r~ [05 05 0. 10
37RD43.DT1 11 1 0 ® [T 1. 0. 10
37RD44.DT1 11 1 0 ~ [15 15 0 10
A e T 37RD45.0T1 11 1 0 r 2 2 0 10
37RD46.DT1 11 1 0 ~ |25 25 0. 10
edit 37RDA7.DTA 11 1 0 o 3 3 0 10
37RD48.DT1 11 1 0 ~ |35 a5 0. 10
+ Intenal Warkers 37RD49.DT1 11 1 0 ~ [ 4 0. 10
é 37RD50.0TA 11 1 0 ~ |45 45 0 10
scansimarker= 0 37RD51.0T1 11 1 0 r |5 5. 0. 10
37RD52.DT1 11 1 0 ~ |55 55 0 10
37RD53.DTA 11 1 0 ~[6 . 0 10
L EFR T IRGE, 37RD54.DT1 11 1 0 ~ [65 65 0. 10
37RD55.0T1 11 1 0 c [T T 0. 10
37RD56.0T1 11 1 0 ~ |75 75 0 10
37RD57.DT1 11 1 0 r e 8. 0. 10
37RD58.DT1 11 1 0 ~ |85 85 0 10
37RD59.0T1 11 1 0 r[a 9. 0 10
37RDE0.DTA 11 1 0 SCE 95 0. 10

next= <prev

Mavigation - Arificial Markers  02-15-2017 07:00:36 ~
radargram directory = \treasureiradart

total number of files = 20

37TRD41.DT1 scans=201 markers=11 emors=0

37TRD42DT1 scans=201 markers=11 emors=0

37TRD43.0T1 scans=201 markers= 11 _errors=0 v

*Only the buttons and menu items specific to the set GPR manufacturer
will be shown in the runtime menu will be shown in the blue box location

Step 7. Set Navigation

The next step to get 2D time slices is to set the navigation. This
particular dataset was collected with a Sensors & Software survey wheel.
The SS survey wheel radio button is clicked. Next the user will click the
artificial marker button, which will generate marker tags equidistantly
across the radargram based on the total number of scans. If for
example there are 1000 scans in the radargram, clicking the artificial
marker button will place navigation markers every 100 scans for these
files since they are all 10 meters in length. Artificial markers should
always be used with survey wheel data.

If the user clicks the field marker button for navigation, GPR-SLICE
will detect the marker headers written into the radargrams. During
conversion, GPR-SLICE stores marker information in the 2" sample of the
radargram. When running the field marker option, if any errors occur
such as an extra marker which had inadvertently having been inserted in
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the field, the user could edit out this extra marker by entering the edit
menu. Note: if a dataset if collected with Field Markers and the Artificial
Marker process is run, this will destroy the markers in the radargrams
and replace them with the artificial markers. To fix this issue, the user
will need to rerun the convert menu to get the original field markers back
into the \radar\ folder radargrams.

Step 8. Slice and Resample and XYZ

Step 8 is the heart of GPR-SLICE operations where time slice datasets
are created from radargrams. The user can apply time slice analysis to
any radargram folder for which they have done processing. In this
example, time slicing will be applied to the \radar\ folder containing the
raw radargrams which have only been converted with a gain curve.
There general processing steps are:

e search Ons
e set the number of time slices, slice thickness
e set bin parameter (usually abs(amplitude))
e set bins per mark
e start the slice/resample process
Slice and Resample: treasure - O
files to slice |info.dat -
= slice & slice files time window-ns_ depth (v=0.12m/ns)
radargram dir & resample [a1 dat [0-72 [0-043
) e & xyz [a2.dat [3.68-10.88 [022065
et [23.dat [736-1456 044087
[fRabes - a4 dat [11.04-1824  [066-1.09
slice &
~ [\boxcan e [ a5.dat [14722192  [0s86-132
¢ | \bandpasst | a6 dat [184-256 [1.1-1.54
~ [ttopot ] a7 dat | 22.08-29 28 132176
- slice & .
¢ | \regainl Find O Ns:  trea:
(| \decon next previous auto-detect I new |3?RD41.DT1
¢ [\edith threshald| 05 backup Nsamp| 4
resample dir | \resamplel
dump dir Wwork\
scan#= 178 sample # = 16 time (ns) = 6.4 bir
resampled scansimark | 20 \treasurelradan37RD41.DT1
#of slces [0
thickness:samples | 13 ns |72 - -
help set | |50% « 0ns offset sample # = 16 paiehs

sample” start | 45 end | 200 | slicing overlap

effective time |73.6 |80 ns

cuts per mark | 2 -5m
cut parameter | squared amplitud: «

fleicentfieTs xvz |
%max cutoff ’ﬂ]T xyz O-mean-line
S6min cutoff ’[]— xyz 0-mean-grid
xyz histogram
xyz line match

Ol

S T T
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Step 8a. Search 0 Ns

To discover the location of the ground surface reflection, the user
should launch the search 0 ns menu in the SLICE/RESAMPLE menu.
There is an auto-detect button which will automatically discover the Ons
offset. The auto-detect works by examining a change in the wave
amplitude that is more than the set threshold of the mean pulse. In the
screen shot, the threshold is set to 0.05 which is equivalent to a 5% rise
from the average response. This value may need to be changed
depending on the equipment and if there is digital noise before the first
ground wave pulse. Once the triggering threshold is set, there is also an
option to backup or move forward N samples from the threshold trigger
sample.

The user can also set the Ons offset by hand by clicking the left mouse
button at the desired depth sample. The user should find where the
radar wave just begins to rise from the 0 line and choose this as the Ons
offset. If data was recorded with a large offset, the actual depth of
penetration is less than that given in the GPR control unit. The effective
time window is given by

Effective time window (ns) =T(N-NO)/N

where T = recorded time window
N = recorded samples/scan
NO = sample of the Ons position

If the Ons offset is 0, then the recorded time window is the same as
the effective time window. If the O ns offset is 1/10 the length of the
radar scan, then the effective time window is only 90% the recorded time
window. The user should make sure not to record data with too large of
an offset in the field.

Note: In the Search Ons offset menu there is an option for auto-detect-
all. This option generally is not being used unless the user has changed
offset positions in parts of their data or if there is significant drift in the
ground surface reflection over a survey site. The line-by-line option is
currently reserved for working with array datasets where antenna pairs
can have different offsets. Single channel licenses will not see the line-
by-line option appear in their Slice/Resample menu.
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@ Slice and Resample: treasure
files to slice | info dat
| slice slice files time window-ns_ depth (v=0.1m/ns)
— x | at.dat |0-7.2 |0-0.36
& [\radarl ¥z | a2.dat | 3.68-10.88 |0.18-0.54
 [¥ilter! | a3 dat | 7.36-14.56 |0.37-0.73
b
ToEE [a4 dat (11041824  [0550.91
" |[‘hilberti
 Nboxcan !aE.dat !14.?2—21_92 !0_7'4,1_1
" |\bandpass\ ; . . .
e I\opot siicelesampletoz | | | @ Time Slice Windows ... — O
i I .
\regaint slicelresample | show bins per mark ‘
" \deconw
¢ edith
¢ [\nma 37TRD41.DT1
resample dir | \resamplel scan #= 187 sample #= 1
dump dir workl

resampled scansimark 20

help slices
thickness:samples | 18 ns |;r.2 help thick [{overlap

sample: start| 1  end | 200 | 200

samples to Ons [ 15 search Ons

effective ime |73.6 |20 ns

bins permark | 4 .25m

bin parameter | abs{amplitude) j

Step 8b. Set # of Slices, Slice Thicknesses

The next step is deciding how many slices and how thick to create the
time slices. In the top example the user has set the # of slices to 20 The
overlap between the slices is chosen and for this example 50% overlap
between slices is desired (and recommended). Clicking the Help Thick
button will automatically adjust the slice thickness for the # of slices and
the desired overlap. The sample start is set the same as the samples to
the Ons offset which was found to be located at the 16 sample, and the
end (bottom) of the radargram is located at the 200t sample.

Generating overlapped time slices can be very useful for creating
subsurface images. Overlapping of time slices can also to help connect
anomalies which may be at slightly different depths and as well as to see
the transitions between depths better. It is also useful in many
applications to create time slices that are at least the thickness of one or
two wavelengths of the radar pulse that is sent into the ground
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slice slice files time window-ns _ depth (v=0.1m/ns)
ArieanT x | raw.dat |0-72 |0.-0.28
& [wradan Ve | rawz.dat | 2.68-10.88 |0.18-054
| filtert [ rawa.dat [7.36-1456 [0.37-0.73
P =
\migratel [rawd dat [1104-1824  [055091
" |\hilberty
- (\boxcan !raws.dat !14.72721.92 I|0.741.1
" |\bandpass\ . _ o T T
¢ [topoy slicefresamplefioz o)
" |\regain\ : show bins per mark new
o sliceiresample
 lea reset log
¢ |\nmot 37TRD41.DT1 ~
- - 1ssing
resample dir | \resamplel scan #= 202 sample #= 1
dump dir warkl 02-15-2017 05:59:24
\reasurelinfo. dat
resampled scans/mark
P 20 ‘treasureiradar
example rav? 20
) AW 20
#ofslices | 7g help slices || 50% - ::x; A 20
thickness:samples [1g ns [72 help thick | 0veriap ravr':’ . 0 L 72 e
la)
sample: start end 200 rav L 3 § T 16
16 200 ray LT 200
samples to Ons ,T search Ons ray 2’ TLELLHLEELELES RRRNEREERES abs(amplitude)
gl : BB 4
. ravig HTH
effective time (736  80. BE ray 7o : LELAE &
. E— oy =]
bins per mark | 4 25m rav féWQO )2-15-2017 05:59:25——
bin parameter abs(amplitude) =
800
file identifier; XYZ {s
raw 155ing
%max cutoff | 4pg Wz 0-mean-line hd

%min cutoff | g yyz 0-mean-grid
¥z histogram
xyza vector 3d

-
-
-
-

Step 8c. Set Cut Parameter

This setting determines what kind of time slice information to be used
to create XYZ datasets. Three setting are currently available in GPR-
SLICE:

e squared amplitude - averages the square of the amplitude of the
recorded reflection over the time window - A"2

e absolute amplitude - averages the absolute amplitude of the
recorded reflection - |A|

e amplitude - average the real
reflection — A

amplitudes of the recorded

The squared amplitude is a rectified - positive domain - measure of
the reflected radar scan. The absolute amplitude is also a positive
domain measure. The third setting of just the amplitude of the radar
scan will average both positive and negative amplitudes to compute an
average. If the Slice Thickness chosen is very large, the cut parameter
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using just the amplitude will be close to zero since positive and negative
amplitudes will cancel each other.

The squared amplitude of the radar scan - i.e. a simple rectified
measure of the radar scan works very well for many imaging task.
(GPR-SLICE provides radargram processes such as Hilbert Transforms,
which will also rectify the radar scan. These kinds of processed
radargrams can also be used to create time slice datasets).

The user should set the bin parameter to the recommended
absolute amplitude - abs(amplitude) - for most operations.

Step 8d. Set Bins per Mark

Next, the user should choose a reasonable cut per mark value. This
value tells GPR-SLICE slicing outines how often to create an average
between navigation markers. For this particular site, the navigation
markers are inserted every 1 meter. Setting a bin parameter to 4 will in
effect cause slicing routines to create 4 averaged values between
markers, or at 25 cm intervals. To see the effect of how one is binning or
setting horizontal and vertical windows across the radargram, the user
can click the show bins per mark button. Yellow vertical lines (top
diagram) will appear showing the density of horizontal averages to be
made along the radar tract.

The recommended slicing parameters for this example are not
necessarily the optimum settings for any site or set of data. Some
applications may require thinner or much thicker slicing to solve a
particular problem. As a general rule, it is recommended to create
averages that are no more than twice as dense along the lines as
between lines. For instance, if the profile spacing is 50 cm, then using a
cut parameter of 2 will make averages along the line at 50cm intervals.
In this way you will have a square grid of xyz points to be used for
creating time slice pixel maps. You can however, use a value of 4 to
create averages at 25cm, which would give twice as much data along the
line as between lines. This is also ok to do. Creating averages which
might yield averaging at maybe 10 to 20 times the profile spacing is not
recommended. In these kinds of grid maps, the effects of striation noise
can become pronounced. In some fine scale engineering applications,
such as searching for narrow rebar, having smaller averages along the
line can sometimes yield better imaging results.
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@) Slice and Resample:  treasure - o X
files to slice | info.dat
slice slics files time window-ns _ depth (v=0.1m/ns)
TROREC 2 | raw1.dat [0-72 |0-038
& [\radarl 4 | raw2.dat |3.68-10.88 |018-054
e Milter\ | raw3 aat | 7.36-1256 |037-073
: ::I'Er?_r‘ [ raw4 aat [1104182¢  [o85001
ilbe
& borcart [ raws.dat [1472-2192 [074-11
¢ [bandpassl P Mo anma o 1ne
liced I H
£ |\topol (=== [t GPR-SLICE Slice/XYZ
" |\regain\ ’E
slicelresample
" \deconw E ray inputradargram ‘\radan37RD58.0T1 EsEg
" edity
r fnmot ﬁ #ofscans 201 S |
rav
resample dir  |\resamplel ||: # of markers 1
dump dir workl A _ 05:59:24
resampled scans/mark |—2U ﬁ processing from marker# 3 ._gaﬁ\
ida
example — cancel
) rav
#ofslices | 29 help slices || 50% [ran
rawTowaET [Tozu= =TT hickness samplass 15
thickness-samples ns overla ples=
ples | 12 72 Relpifiuck E [raw7.dat [6888 6608  |29433 thickness (ns)= 72
sample:start [15  end [200 | 200 [rawiz.gat [62566076  [3.13-3.40 zample et =B,
samples to Ons [ 45 search OF'IS |raw19 dat |EE 24-7344 |3 31-3.67 bin parameter = abs{amplitude)
e I raw20_dat I 69.92-736 I 35368 mz Eeorﬁr::trkei - 154
bins per mark | 4 25m | | | Create XYZ executed:02-15-2017 05:59:25——
bin parameter | aps(amplitude) = | | | raw1.dat - raw20.dat
| | | number of data = 200
file identifier XYZ
raw | | | Slice/Resample Processing
%emax cutoff | q0p xyz 0-mean-line next= | <prev. v

%min cutof | g xyz 0-mean-grid
*yZ histogram
¥yza vector 3d

15 TS TS TS T

Step 8e. Slice and XYZ

The next step is to begin the slice/xyz processing. During slice/xyz
operations the time slice data are generated from each radargram and
time slices are generated. The process will automatically compile the
ASCII time slices. (Optionally, slice/resample/xyz operations can be run
to create resampled radargram to a constant number of scans per
marker; in this case 20 new scans are made between meter markers.
This is usually the preferred button to click for surveys made with fiducial
markers. The processing dialog that would come to the screen tells the
user how many original scans exist in the radargrams in the \radar\
folder. It also tells how many new scans are generated from resampling
operations. For datasets collected with user inserted markers, the
resampled radargrams will have all the extraneous radar scan data before
the first marker and after the last marker cut off).

In the final step where the xyz slices are made, this xyz part of the
process will read the info.dat file stored in the FILES menu and then

41



42

merge the time slice values computed for each radargram with the
navigation. The correct information file must always be active in the
FILES menu before clicking the create xyz button.

Step 10. Grid the Time Slice *.dat Files

The next step to create time slice pixel maps is the gridding process.
The grid processing will interpolate between the xyz data to make time
slice grids/pixel maps. The time slice grids that get created can be made
with very fine or coarse cell sizes. In above example inverse distance
interpolation is highlight. The gridding steps are:

1. Choose inverse distance interpolation with a smoothing factor
of 2

2. Click the help set which will automatically choose some
gridding values such as the start and end values for the grid,
the cell size, search and blanking radii - draft/fine grid cell
size and standard/broader search radius can be used and
chosen automatically)

3. Clicking the start gridding will begin the gridding process.

The user has options in V7 to show the gridding results as the
software processes. If processing graphics is clicked on then each time
slice map will get drawn to the screen as it is made. The user cannot
adjust the display of color transforms during the gridding process.
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OVa riogram: treasure =0l x|

Overall Maximum Variance Average = 61868852 M data used = 193 Mwvariance combinations used = 37249

Short Range: Maximum Variance Average (Sill estimate) = 29839406,

Range at Maximum Variance Average (Range estimate) =4.7m
13684740684, —
122826657.6
109179251.2
95531844.8
BleB44384 |
68237032
545696256 - [
40942219.2

272948125 1 |
:

136474064 4 *

0. - T T 1
0 105 118 131

Optional: For the kriging interpolation option the user can click the
variogram button and the software will automatically find some
values for the kriging range and sill for the first grid.

Optional: Step 10e. Set Variogram Parameters, Range and Sill

The variogram calculation will automatically get updated if the user
chooses this method for grid estimation. If the user wants hi-resolution
kriging as their method for calculating their grids, then they may want to
first click the variogram button. Doing so will cause a variogram plot
showing the variance between all the combinations in the data, along with
a generalized fit for the sill and range. These values chosen may or may
not be represent optimum statistics for the data to be gridded. They are
only recommended values. The estimate comes from an attempt by the
software to find a local maximum in the variogram at short ranges. If a
local maximum in the variogram is not detected, the range and sill values
at about 1/3 the maximum range in distance is selected. @ GPR-SLICE V7
currently does not estimate the nugget used in the kriging grid
estimation. The default value is 0.2.

On exiting the variogram, a dialog will inform the user that the range
and sill have been updated. The user has the option to adjust these
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parameters, however, a whole dataset can usually be gridded using one
set of kriging parameters estimated from one of the time slices (usually
the top slice).

Inverse distance gridding can also be effectively used with most
datasets. One of the tradeoffs between ordinary kriging and inverse
distance is the processing time for gridding. Kriging takes much longer
processing times but can often give slightly better resolution. Inverse
distance takes the least amount of processing time, but can also generate
overly smoothed time slice maps. A comparison of using broader versus
narrower search radius is shown. The broader search radius (found by
clicking the help set button) is 2.5 times the profile spacing; standard
search radius is 1.5. For this example, the broader search appears to
have more coherent anomalies imaged (at the expense of less resolution
of individual anomalies). One must decide for themselves what kinds of
maps with the appropriate interpolation is needed to solve their
subsurface imaging problems.

© Gridding:  \treasure)

b20: 401-420cm
L
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Step 10f. Grid XYZ Time Slices

Clicking the start gridding button will initiate the batch processing for
kriging (or inverse distance). V7 has the added feature of real time
graphic display of the time slices as they are generated. The overall size
of the graphic display can be changed in this menu; however, the user
cannot change any plotting features such as the transforms or colors as
batch processing proceeds.

© Grid Filtering: 5x5 low pass

© Gridding:  treasure

X grid start i A
E 0 gridding a2 15-20ns
Xgridend | 10 1
JrE T help set
grid start [ g
cell size ® Gl
Ygrdend [ 10 @ fine 075
grid cell size | 25 search ? gtan(;ard
® broader
search type us
X-search rad\us:l 1.25
Y-search rad\usl 125 025
blanking radius [ 1 25
stagger length | o M ¢
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smoothing | 2 range|[ 1.2
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nugget| 2

sill| 1.2

3x3 vert enhance -

p
filter type 55 boxcar subtract

5x5 high pass LI
filtter length | 1000

%max threshold| 100

%min threshold | 0 3D filter

Step 10g. Smooth Time Slices

To remove gridding noises a 3x3 or 5x5 low pass grid filter can be applied
the raw time slices. Click the desire filter in the Filter Type listbox, set
the append identifier (e.g. to "I" for low pass) and click the 2D filter
button. The filtering process will append the letter "I" to all the smoothed
grids.
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Step 11. Display Time Slices

The final quickstart step is to display the 2d time slice dataset created in
the GRID menu. The user can enter Pixel Map, which is conveniently
available on the task bar at T-slice as well as in the PIXEL pull-down
menu. The following can be used to display the 20 slices

Choose the desired grid set identifier listbox

Set the starting grid # to 1

Set the total humber of grids to display on the screen e.g. 20

Set the number of rows to break up the display into to 4, e.g.

. Toggle and click on the auto scaling size to display all the time slice
data (in this example it is set to 70%)....

Click the “draw” button at the top - you have drawn 2D time slices
in GPR-SLICE V7!!

nhne

o

The transform menu can now be brought up by clicking the left mouse
button over the time slice maps, allowing the user to adjust image
contrasts and colors.

46



47

Auto-gaining with the Transform Menu

It is very simple to automatically gain a large time slice dataset. The
new procedures which requires clicking only a few buttons for auto-
gaining an entire time slice grid set are to first display all the grids to the
screen, then

1) Click a transform, e.g. linear.
2) Click Save-All.

3) Click the auto-gain all. This will automatically set all the lo-cut and hi-
cut off settings (the green little bars on the histogram) to the 3 standard
deviations to each side of the mean. The user should not click the Save
or the Save All buttons after clicking the Auto-Gain-All as this will
replicate the active transform and the lo-cut/hi-cut settings for every
grid.

4) Click Redraw to see the changes.

Notes: To display interpolated time slices, one should reset all the
transforms back linear and also make the lo-cut and hi-cut threshold
settings 0 and 100. This can be accomplished by using the “Save All"
button to reset this for all the interpolated grids. By resetting the
transform to linear and the thresholds to 0 and 100, this essentially
removes all re-contrasting of the time slices and allows recovering the
exact colors that were used to interpolate between the time slices.

Notes: Clicking the "Auto-Gain-All" or "Auto-Gain" button in the transform
automatically discovers and saves the individual lo-cut and hi-cut
settings. If one wants to globally adjust the transform, but then to have
the unique lo-cut and hi-cut settings also be active for the maps, after
clicking the "Save All" button to globally store the transform shape and
lo-cut and hi-cut settings, you will need to go back and click "Auto-Gain-
All" to rediscover the individual map lo-cut and hi-cut settings.

Some of the procedures are shown in the following diagram to better
help the user discover these important features within the software:
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< Time Slices: treasure

la1: 0-0m

la3: 0-0m la4: 0-1m lag: 1-1m

17 hi-cut
= s
=1 Jo-cut
f step 4
0 1 hicut= 47
0m 5 10
la12: 1-2m
avg=17.2 std.dev.=12.2
10
sqr(logarithm}) Step 2
5 logarithm
square root
cosine
0 lingar = step 1
bipolart | |
bipolar2
10 7 bipolar3
] bipolar4 2 =
] —Ipﬁar:a step1: click linear
5] L_fhef® — step2: click save all
i | =nirsE | step3: click auto-gain all
] S step4: redraw
0 _ | shift +
Om - | times +
- normalized amplitude= 0 breakpoint=0
Note: Step1 and step2 insure that auto-gain | \treasureits-transforms. dat input grid transforms
you have linear transforms set Netddev [ 3 step 3 :
throughout. Linear transforms _ | \treasure\ts-transforms.dat backup grid transforms
can also be set individually or auto-gain-all
globally to any canned transform
as well.

Note: Step 3 will automatically detect the lo-cut and hi-cut thresholds to apply the color table over.
These are the green bar settings shown on the histogram plot. Clicking the auto-gain-all button will
automatically save these threshold settings - the user usually does Not need to click the save-all buttton.
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Making XY Cross Survey Information Files

GPR-SLICE can handle any kind of survey navigation as long as the
information file is properly set. Commonly, XY surveys are made. The
easiest way to create the information file from cross surveys is to
generate an infox.dat file and separately create an infoy.dat file. These 2
files can then be appended at the bottom of the Create Info File menu.
Shown below are some of the steps outlined in the Create Info File menu:

Combining/Appending Information Files

© Create Information File:  treasure

filename | infoy.dat create Nl © Edit Information File:  \treasure\infoxy.dat
i info '”;ﬂx—dgt[ 4| profile name: x0 x1 yo yi
INTOXX_ 03
file identiier [ yiines eg file 000>>file_ 001 - 1 [xines1 dt1 o [o 10. 0. 0.
ending identifier (~ 4zt & dt1 ¢ rd3 sgy © dt Coc 2 | xlines2.dt1 |0 10. 0.5 05
name ncrement [ [ infoxy.dat 3 [xines3 dt1 c Jo 10 T T
save edits 4 | xlines4.dt1 |0 10. 1.5 1.5
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shift x0 | shiftx1 | name + 5 | xliness.dt1 o 10. 2. 2.
r 10 o | e 6 [xines6 dtf - o 10. 25 25
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samp\esfscanlw ” . NMEAto utm 15 | xlines15.dt1 o 10 7. 7.
led scansh many info files brwse x0x1y0y1 16 [xines16.dt1 c [o 10. 75 75
resameled scansimry| 32 as desired to Qzzie to utm 17 | xlines17 dt1 C |0 10 8. 8.
binary resol. ¢~ gbit (& 16 bit append GPS get list 18 [xiines18.dtt c o 10. 85 g5
/ LLto UTM 19 | xlines19.dt1 |0 10 9. 9.
file list [infoy.dat = 20 | xlines20.dt1 |0 10. 95 95
GPS get yaw
append list [ infox_dat+infoy.dat 21 | xlines21.dt1 o 10 10 10
T namel r—— Popend 22 | ylines1.dt1 |0 0. 0. 10
INfoxy.aal TN
xy L_zeperd |} g B Rol¥ecion | 23 [yinesz2.dt1 c [o05 05 0. 10.
unitimarker |1— 24 | ylines3 dt1 Co|1 1 0. 10
Import \raw\ I— 25 | ylines4.dt1 |15 15 0. 10.
** radargram identifier j Iravnines ||
’—VU} ggg et _Import browse | samplesiscan | 200 next> | <prev | sortr | %0 to x1 | sort x | X>>y | sorty | yOtoy
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ol XY XY resampled scans/mark | 32 o X1 toy0 | rev file
IDS Gred export resampled resol. ~ g bit @ 16 bit e
IDS Gred xyz export ﬂ x - ZIELEL
. recaver
Survey type: —_—

-

Any combination of information files can be appended together in the
Create Info File menu. For instance, for cross grid XY survey, first the
infox.dat and the infoy.dat files are made independently in the menu and
then appended together. These files are then clicked on in the File
Listbox, after which the Append button is clicked on with the name of the
output filename, e.g. infoxy.dat. The operations here were modified in
2011 to enable up to 500 information files to be appended in one
operation by consecutively clicking on the desired info files in the File List.
An example of cross surveys can be seen in section XIX of the manual.
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Quickstart Introduction: 3D time slices

To make 3D time slices and other volume display such as isosurface
rendering, a 3D binary file must first be compiled. The 3D binary file is
compiled from a series of 2D grid files. The instructions for creating 2D
time slice grids are discussed in section III. There are several possible
ways to create 3D binary files.

In one method, we can create a limited number of time slices and
then interpolate between time slices. The interpolation process will
normalize the grids based on relative values (e.g. color) rather than
absolute values. This will help to create a continuous and visually
smoothed 3D volume. Interpolated time slices are normalized. The
normalization effectively causes automatic gains to be applied at each
level in the time slice dataset.

In a second method, we can initially create a lot of slices from the
original raw data and compile these to a 3D binary file. This file will then
contain the original and absolute values contained in the radargrams. If
large dynamic range exists in the 3D binary file, in the current version of
GPR-SLICE, the user will have less flexibility in controlling gains across
the data with depth during display.

Note: For most imaging applications or for surveys in which data are
noisy, creating a limited number of time slices (say maybe 20 or 25
slices) across the radargrams and then interpolating between the time
slices 3-4 times will generally create visually more useful and stimulating
images and animations. The user is welcome to experiment what is best
for their imaging applications however. Most users that become familiar
with GPR imaging agree that relative normalization is generally much
more useful than absolute normalization in colorizing the time slices.
Relative normalization allows one to amplify subtle changes in reflected
energy at each discreet depth to show the whole horizon of reflected
changes. However, some applications may require absolute
normalization. To create volumes of absolute amplitudes that replicate
the energy in the reflected pulse one should never use interpolated time
slices. The steps necessary to generate an absolute amplitude volume is
to first create a large series of time slices, maybe more than 70 or so in
the Slice/Resample menu, followed by gridding and then 3D file
compilation. One should never use interpolated time slices if they want
to generate absolute amplitude volumes. To generate normalized 3D
volumes, one should always use interpolated grid files that are compiled
to the 3D volume.
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We will begin by outlining the general

interpolated dataset which is normalized:

Step 1: Make a series 2D time slices.

Hwn

Stepl. Make a Series of 2D Time Slices

Adjust the transforms of the individual time slice maps
Interpolate the time slice grid set + compile to a 3D binary file
Create 3D time slice displays in Open GL Volume
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steps for creating an

To make a series of 2D time slices follow all the steps in section III.
The time slice grid set that was generated in section III contains a total of

20 time slices across the radargrams.

ol x|}
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Step2. Adjusting Time Slice Trahsfdrms

breakpoint=0

input grid transforms

backup grid transforms

The series of time slices can be quickly and automatically adjusted for

color enhancing.

The user will draw all the time slices to the screen, left

click the time slices to bring up the transform menu, then click autogain
all button to automatically adjusted all the colors in the maps.
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Sometime individual maps in the time slice dataset may need to be
enhanced separately to create contrasts desired contrast. Clicking the
left mouse button when the time slice pixel maps are on the screen, the
user can adjust the individual transforms. It is often best to create a
nice blending between color contrasts between adjacent maps so as to
create visual smoother 3D volumes from interpolated and normalized
grids. The transform menu allows for adjusting individual transforms or
globally resetting all transform to a common transform by clicking the
“reset all Xform” button in this menu. The user can also change
transforms from a range of time slices in the dataset. Often the top few
time slices require different transform settings than for deeper slices.
Various transform buttons with canned settings are available such as
linear, cosine, exponential, log etc. The user can also manually draw the
transforms by hand to create different contrasts in the data. An example
of an image with 2 different transforms in shown in the following
diagrams:

©Transform Controls: nutu EI@@

B A saven
o ocw | - [+

<

Note that the linear transform on the top image will apply the rainbow
colors at equal amplitude intervals across the time slice data values,
whereas the square root transform shown in the bottom diagram, will
preferentially create contrast across the weaker reflectors in the map.
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Another way to adjust the transforms is to use the lo-cut and hi-cut
settings in the Transform Menu and manually adjust these with the left
and right mouse button. The lo-cut and hi-cut settings are seen as green
bars on a histogram plot for the current active grid. The left green bar is
the lo-cut and the right green bar is the high-cut. These settings tell over
what range the color table will be applied to. If for instance, the hi-cut
setting was put to 70%, then the color table would be applied from the
lowest amplitude in the time slice map to amplitudes that are 70% of the
maximum. Values in the time slice map that are greater than 70% will
be pegged to the last color in the color table - in this instance it would be
red. The lo-cut and hi-cut settings can be set either by hand using the
left/right mouse button, or by using the auto-gain (or auto-gain-all)
buttons on the bottom of the transform menu. The auto-gain buttons
will set the lo-cut and hi-cut settings to a default of 3 standard deviations
on each side of the mean reflection. The standard deviation can be set to
any customize value as well.

The lo-cut and hi-cut option is often useful in creating equal coloring
on the time slice maps, particularly with images that are not well
distributed in their reflection values or where the dynamic range of just of
few data points prevent seeing weaker reflection. The settings can be
used in a way to de-spike data if this desired, to remove the prominence
of very isolated and strong reflections in a time slice image. The same
dataset in the previous diagrams is shown with a linear transform, and a
resetting of the hi-cut value to in this case 40%. Note that more red
color appears in the map since, all values above 40% of the maximum
reflection are assigned red.

AAAAAAAAAAAAAAAAAAAAAAA hi-cu

(o) orm Controls: nutu E@
; draw cut save master |

elnutué: 1025-1230mm
e

N

§

Step 3. Interpolate the Time Slices + Make 3D File
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Once the time slices are generated, it useful to interpolate the time
slices to generate normalized grids based on the colors of the grid maps
being used rather than actual binary values. The time slice dataset can
be interpolated in the Pixel Map menu after the user has made
adjustments to the transforms. The user should set the number of grids
and grid identifier to interpolate in the top setting of the menu, in this
case 20 and the identifier "a”, and then set the number of interpolations
to make, in this case 4. Setting the interpolations identifier to i, the user
will create (20-1)*4+1 or 77 interpolated grids called i1-i77.grd. The
identifier can also be customized. Often users like to show where the
interpolated grids came from, so using an interpolation identifier like “ia”
to create the ial-77.grd dataset is also possible. Once the interpolation
process is complete, another process will start automatically to compile
the interpolated grids to a 3D binary file. To make 3D volume datasets, it
is useful to have at least 70-100 2D grid files to compile. This will insure
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that 3D volumes displays will not look pixilated along the z axis of the
volume. 2D time slices are currently ASCII files whereas 3D files are
binary. Binary files are much easier to work with for 3D imaging
applications.

Note: For users that want to compile grid sets which are not normalized,
they can do this by using the absolute or ABSOLUTE normalization
settings in the Pixel Map menu. This option is generally set aside for
applications when users want to generate 3D volumes of radargram
(binary) pulses, but can also be used when the absolute reflection energy
in the radargrams is desired for displays without local enhancements.
This can be useful for geologic mapping where a direct translation to the
energy volumes shown in the radargram without equalization of
reflections at each level, is generated.
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Step 4: Create 3D Time Slice Displays

After the 3D volume is generated the user can use the Open GL
menu for a variety of visualization displays:

© GPR-SLICE - Open GL Volume Display: treasure:
helpset |f°CU3|_ qd-3 |col-cut l— color|up| In0 |dn psp«]psp+] dn | up slowl fastl storejpglz identfier
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Open GL routines in GPR-SLICE provide the most advanced 3D imaging
visualization tools. A separate section on Open GL 3D imaging is

provided for which shows all the capabilities in this state-of-art software
visualization option in GPR-SLICE.
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V. Navigation Menu: Overview

® Navigation:  treasure

lradarl 1. Artificial Markers

2 Field Markers
edit

3. Interval Markers
scans/marker= [ g

4. GPSNector Trace#

Profile Name
37RD41.0T1
37RD42.0T1
37RD42.DT1
37RD44.0T1
37RD45.DT1
37RD46.0T1
37RD47.D0T1
37RD48.DT1
37RD49.0T1
37RD50.DTH
37RD51.0T1
37RD52.DT1
37RD52.0T1
37RD54.0T1
37RD55.DT1
37RD56.0T1
37RD57.DT1
37RD58.0T1
37RD59.DT1
37RDE0.DTH

next= <prev

Markers

Markers
Tagged
1

Mavigation - Arificial Markers  12-30-2016 23:00:00
radargram directory = \treasureiradari

total number of files = 20

37RD41.DT1 scans=201 markers=11 errars=0
37RD42.DT1 scans=201 markers= 11 errors=0
37RD43.0T1 scans=201 markers= 11 emors=0
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¥1
10.
10
10.
10.
10.
10.
10.
10.
10
10.
10
10.
10.
10
10.
10.
10.
10.
10.
10.

The Navigation Menu is used to assign locations to the radargrams
GPR-SLICE V7.0 can implement navigation in

and all time slice images.

a variety of different ways.

headings of:

. Artificial Markers

. Field Markers

1
2
3. Interval markers
4

. GPS Trace #

These methods are discussed under the
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=
Markers
Profile Mame Markers  Tagged Errors x0 xl y0 ¥1
37RD41DT 1 & [0 0. 0. 10.
1. Artificial Mark
pEEE 37RD42.DT1 1 ~ [05 05 0. 10.
37RD43DTH 1 co |1 1. 0. 10.
37RD44DTI 1 ~ [15 15 0. 10.
T o 37RD45DTH 1 r |2 2 0 10
37RD4E.DT 1 |25 25 0. 10.
edit 37RD47 DT 1 e a 0. 10.
37RD43.DT 1 ~ [35 a5 0. 10.
37RD49.DT 1 | 4 0. 10.
3. Interval Markers
é 37RD50.DT 1 ~ |45 45 0 10
scans/marker= [ g 37RD51DT 1 r [ 5. 0. 10.
37RD52DTI 1 ~ [55 55 0. 10.
37RD . .
4 GPSNector Trace# 770 ® Marker Navigation Check: treasure - o X
37RD 7RD41.DT1 |

37RD

Red Marks - Header Markers

37RD

Blue Marks - Markers for Slicing

37RD 37RD41.DT1
37RD

37RD

nexl

Mavigation - Artificial Markers 12-30-2016 23:04:47
radargram directory = ‘treasureiradar

total number of files = 20

37TRD41.DT1 scans=201 markers=11 emors=10
37RD42.DT1 scans=201 markers=11 errors=0
37RD43.0T1 scans=201 markers= 11 errors=0

1) Artificial Markers

The Artificial Marker process, which is a button seen in the Navigation
Menu, will create navigation marks based on the total number of scans
recorded within a radargram. This is a very useful way to handle
radargrams collected with a survey wheel. Survey wheels always have
some slippage in them even on very flat and smooth surfaces. For this
reason, the total number of scans recorded will vary between lines,
sometimes as much as several % on bumpy surfaces. (Note: a survey
wheel may not be the appropriate device to use to navigate the antenna
across the ground on very irregular surfaces).

The artificial marker process can be used to create the navigation
information across the entire collected number of scans. For instance, if
a radargram has 201 scans and the information file for this radargram
suggests that it is a 10m long line, then the artificial marker process will
write 11 markers including the beginning and at every 20 scans along the
radargram. The artificial marker process assumes the radargram
begins and ends at the desired locations along the grid. For data
collected with a survey wheel some equipment manufacturers such as
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GSSI writes a survey wheel mark within the radargram scan on the
second sample. Even so, with slippage these markers should probably be
avoided in doing the navigation.

Artificial markers should also be used if the user is doing a GPR-GPS
survey. In this case, if the GPS information files contain equally spaced
readings in time or in distance, then GPS radargrams can be quickly
assigned navigation by clicking the “Artificial Marker” button. What this
process assumes is that GPS readings are made at equidistant readings
across the radargrams and for each point in the GPS navigation file, is
assigned a scan location in the radargrams. In the case when there are
fallouts - locations of missing GPS information in the GPS file - the GPS
Trace # option can be used and is discussed in a following section.

When one clicks the "“Artificial Markers”, the software will place
navigation tags in the 2" sample of the radargram scan pulse. This tag
will correspond with an exact known location on the ground. Not every
scan needs to be tagged in GPR-SLICE since the scans between two
known navigation points will be dead reckoned and properly positioned
between these two points.

The user can click on the "“"Show Markers” option in the main
Navigation pull down menu, and see exactly where the navigation has
been set across the radargram. The last example shows a radargram
which is known to be collected with a survey wheel and is 10 meters in
length. When the Artificial Marker process is applied, the profile
information file is read to find out the length for that line, and then
assigns the markers equidistantly across the radargram.
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O Navigation: \kisatchie\handmarker - O
info.dat Profile Name Markers P%/I:J:zrs Errors x0 x1 y0 y1
§ - [File___033.dzt 1 15 1 6 [0 13, 0. 0.
Jradart { fedicial Markers [File___034.dzt 13 13 0 c o 12 1. 1.

|File 035.dzt 13 13 0 () |0 12. 2 2

2. Field Markers

D:\kisatchie\handmarker\radar\File 033.dzt

Left Mouse Button - Inserta Marker 15 radargram markers
Right Mouse Button - Delete a Marker 14 info file markers
3. Interval Markers 1 marker errors
scans/marker=| (
4. GPS/Vector Trace#

GSSI user marks
GSSI survey wheel
GSSI SIR 3000
GSSI SIR 3000SW

Dlle e

S

marker location [72
threshold 104

‘,_ Mmp-mrﬂﬂ )
B A
<

v

Navigation - Field Markers  01-08-2014  10:16:26
radargram directory = D:\kisatchie\handmarker\radar\
total number of files = 7

File___ 033.dzt scans=2000 markers=15 errors=1
File___ 034.dzt scans=1832 markers= 13 errors=0
File 035.dzt scans=1816 markers= 13 errors= 0

2) Field Markers

The Field Marker process will automatically search for the navigation
markers in all the radargrams listed and will display the number of
detected marker tags in the radargram in the menu. Field markers for
some manufacturers are inserted directly into the binary radargram trace
headers in the field and other manufacturers have the field markers and
their associated scan numbers placed into separate ASCII files. On
conversion, GPR-SLICE places the field markers into the 2" sample of the
radargram trace header for all the different manufacturers.

Running the Field Marker process will show the results of the number
of markers determined from the survey information file with those
actually found in radargram. Any errors in user field markers will be
shown in the error column in the Navigation menu. If there are any
errors, the user can launch the Edit Menu (as shown in the previous
diagram), by first clicking on the radio button for the appropriate
radargram, and then clicking the Edit button.

During a survey, marker errors will occur from a variety of reasons.
Hopefully, the number of errant lines can be minimized with good field
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practices. The user can insert or delete markers for a radargram that
has a navigation problem. The left mouse button will insert a marker; the
right mouse will delete a marker on the radargram.

Note 1: Sometimes the user may need to guess where the marker error
exists in the radargram because it is not obvious where marker is needed
to add or delete. In this case, the user should also check that line start
and end locations are typed in correctly in the survey information file.

Note 2: In the case when many marker errors occur within a single
radargram and the navigation cannot be adequately determined, it may
be useful for the user not to include this radargram in the survey grid by
deleting it from the information file.

Note3: Careful note taking is required to properly document the
navigation of the radar over the ground if user markers or survey wheels
is to be used. Before any time slice analysis is applied to the radargram
dataset, the marker information for that set of radargrams must be
created in this menu and no errors between the number of markers given
by the information file and those found in the radargram must exist.

Note4: If a user has not used hand markers and they have not used a
survey wheel, nor GPS or total station navigation, there are NO accurate
operations that can be used to apply/detect/assign navigation to the
data.

Note 5: If the user accidentally runs any other navigation operations
such as artificial markers etc., the original field marker tags will get over
written in the radargram scan headers. The user must re-convert the
data from the raw folder to recover the original marker tags.
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Navigation: treasure - O
infoa dat Profile Name: Markers ;‘;ﬁ;ﬁz@ Errors x0 x1 y0 yi
37RD41.DT1 1 1 0 w 0. 0. 0 10.
e MI 37RD42DT1 1 1 0 - |os 05 0 10.
37RD43.DT1 1 1 0 . 1. 1. 0. 10.
37RD44DT1 1 1 0 . 15 15 0. 10
2 o Ees 37RD45DT1 1 1 1] . 2. 2. 0 10
37RD46.DT1 1 1 0 s 25 25 0. 10.
edit 37RD47.DT1 1 1 0 . 3. 3. 0. 10.
37RD48.DT1 11 11 0 ~ 5 5 0 10.
Marker Navigation Check: treasure - 0 0.
3. Interval Markers
mﬂ\treasure\radar\SFRDM.DT1 0.
scansimarker=
’W Red Marks - Header Markers g
Blue Marks - Markers for Slicing 0.
4 GPSNector Trace# ‘treasure'radar\37RD41.DT1 3
0.
0.
0.
S5S user marks ' 0.
SS Survey Wheel . 0.
0.
marker location | 2
threshold 104
Bl -~
< w

Navigation - Interval Markers  01-08-2014  10:26:53 ~
radargram directory = ‘treasure‘radar\

total number of files = 20

37RD41.0T1 scans=201 markers=11 leftover=101

37RD42.0T1 scans=201 markers=11 leftover=101

37RD43.DT1 scans=201 markers=11 leftover=101

37RD44.0T1 scans=201 markers=11 leftover=101 "

3) Constant Interval Markers

An optional process to assign navigation marks using a constant
number of scans across the radargram is also available, which is likened
to using a survey wheel that never has any slippage. This navigation
method can be used when a specific survey requirement in which the
antenna in a survey wheel application was not stopped at the end of the
line but continued on recording past the desired end line. Then using a
constant interval marking, and assuming no slippage, the user can
recover navigation to a location somewhere before the last scan was
recorded. This option may be justified to correct these kinds of (sloppily)
collected datasets. This navigation assignment is not recommended for
most applications with the survey wheel, as the surveyor should only
normally collect data to the start and stop baselines for each profile.

In the above example and just to show the Interval Marker navigation
assignment, an interval of 10 scans between markers is assigned. For
this radargram, which is 10 meters in length, the marker locations
assigned are shown. (The total number of scans is 201 for this
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radargram. The interval marking only tag the radargram to the 101st
scan. If this navigation were later used, the whole right half of the
radargram would not be included in any part of the processing). The
navigation log box for Interval Markers will indicate the number of
“leftover” scans which are beyond the last marker tagged.

4) GPS/Vector Trace #

GPS random navigation requires separate GPS files for each
radargram contained in the information file. This GPS Trace # process
will extract the corresponding scan locations for each GPS reading that is
in the 5% column of *.*.gps files and place a marker tag in the 2"d sample
of that scan pulse. During the creation of the *.*.gps files from each
manufacturer’'s native GPS log files, GPR-SLICE stores the scan/trace
number in the 5% column of those files. These scan numbers will be
tagged on those scans in the radargram during application of the GPS
navigation. Generally, all the recent manufacturers will have the lat/long
or UTM location associated with a scan number in the radargrams. The
GPS scan numbers - locations where GPS information UTM exist - can be
randomly located and do not have to be equidistantly identified across the
radargrams.

Note: Older GPS equipment may not have scan numbers. If so, for those
non-synced GPS radargrams, this navigation option will not work and the
only alternatives may be artificial markers (e.g. rubber banding all the
GPS equidistantly across the radargrams)

General Notes for Navigation Assignment

Note 1: Whatever last type of navigation assignment is run, will be the
active navigation information. Marker information is overwritten every
time a new navigation process in this menu is run. Markers should be
recreated each time when the user is about to do slicing on any
resampled or processed radargrams such as migrated or filtered
radargrams to insure that the proper navigation is assigned, etc.

Note 2: The user can view the markers assigned across a radargram

by clicking the Show Marker button in the pulldown Navigation Menu, and
should always do so to insure the navigation looks correct.
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Note 3: The actual navigation tag is recorded in the 2" sample of the
radargram. This is identified in the Navigation menu along with a
threshold that is set for different kinds of navigation types, such as user
field markers or survey wheel markers. For GSSI equipment, the 2nd
sample in the radar scan contains information on the marker and is set to
232 for user markers, 228 for survey wheel markers, and 104 for SIR
3000 equipment. Sensors and Software user markers are set to the
value 32 for user and survey wheel markers. MALA navigation tags are
set to 232. Other manufacturers may have just a dummy threshold value
that is used. Three kinds of marker threshold tests can be used to
distinguish a marker, >, =, <. For most modern radar equipment, the
threshold type should be set to “=". In earlier radar equipment, the
marker was actually written into the (analog) radar scan and the
amplitude threshold of the marker was usually high but not a constant
value after being digitized. The threshold type of greater than or less
than the threshold value was useful for identifying markers in older radar
records which were digitized from analog systems.

Note 4: A good reason to use artificial marker tagging based on the
total number of scans is shown above. In the above example, the last
marker from a survey wheel survey was not put into the radargram
during the survey. This may have happened because either the
equipment did not go all the way to the end of the line and/or there was
slippage and the survey wheel did not trigger recording the last marker
even though the end of the line was encountered.
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GRID Menu: Overview

The Grid Menu will take XYZ time slice *.dat datasets that are created
at (sparse) grid nodes across a site and generate denser *.grd grid
datasets using standard geospatial interpolation routines. The Grid Menu
features are:

Inverse distance interpolation
Kriging interpolation

Grid filtering

Grid expansion

Grid rotation/translation

Grid Appending (Pixel Map menu)
Grid Math

Grid Blanking

2D Fast Fourier Transform - Time Slice Filtering
Creation of a 3D binary volume
Conversion to Surfer *.grd

The user can create dense time slice grids showing high-resolution maps
of recorded reflection amplitudes across survey sites using several
interpolation methods: inverse distance and kriging.

Inverse Distance Interpolation

Estimation between surrounding data points using a distance weighting
exponent is given in the equation, i.e.

estimated data = wil*z1+w2*z2+....wn*zn

where wi = 1/h”™a
h = distance between nearby point and the
point on the grid to be estimated
a = smoothing factor (commonly set to 2)
z = radar reflection strength at the point in the
interpolation

The inverse exponential factor — or often called the smoothing factor - is
used in weighting data by their distance to the desired point to be
gridded. A lower value will more closely weight all values within the
search radius equally; a higher value will more strongly weight data
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within the search radius that are closer to the desired grid point to
estimate.

Kriging Interpolation

Kriging provides the best estimate of interpolated data based on
inversion of the covariance matrix of distances. The general equation
describing kriging is:

data weights = c1d

where cij = c0+cl if h=0
= cl exp(-3h/a) if h>0
a = range at which covariance value remains
essentially the same
h = distance between points
c0 = nugget effect which provides a discontinuity
at the origin
cl+c0 = sill which describes the value of the estimate
at large distances
cij = covariance matrix of formula(1) between points
in the estimate
cij! = inverse matrix of cij
d = vector containing values from formula(1) between
points in the estimate and the point to be
interpolated

(see Applied GeoStatics, E.H. Isaacs, R.M Srivastava, Oxford Press, 1989)

The menu has options to predict amplitudes within blanked out areas
within a survey grid if so desired, or the ability to automatically identify
blanked out areas in a grid without having to create separate blanking
files. Options to apply filters to the grid datasets in the GRID menu can
be done in a batch mode with a single mouse click; gridding processes
are also handled in batch mode as well. The use of identifiers can help
the user to recall the different processes applied to different datasets. The
user can use larger or smaller grid start and end locations than those
recorded in the actual dataset to either look at just a region within the
recorded grid, or to create a larger grid which can be combined with other
areas in the large grid. Combining parts of a larger grid to create a
comprehensive grid is finalized in the PIXEL MAP menu.
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Notes on the Blanking Radius

The blanking radius is the maximum distance to perform interpolation
into the grid from searched data points. If a point in a grid map is being
interpolated, and no nearby data is at least within the blanking radius,
then this point is left blank. Often in archaeological application many
areas cannot be surveyed because of various obstructions. Sometimes it
is desired to estimate grid values from areas that could not be surveyed.
In this case, using large search radii and large blanking radius will
interpolate into blank areas that can give estimates of the reflected
amplitudes. In the case when users want to conserve the areas not
surveyed with the GPR equipment in the field, then smaller blanking
radius (slightly larger than the minimum distance between XYZ data
points) should be used.

Note: There will always be some slight interpolation within blanked out
areas for a survey grid. By using the smallest possible value for the
blanking radius, areas that have not been surveyed within the site can be
conserved and will be shown automatically within GPR-SLICE time slice
maps. To compute this minimum distance a diagram is shown describing
the calculation of the minimum distance:

minimum distance — \] (dylz)2 +(dxl2)2

0,26 .5,.26

dy = distance unit / cuts per marker

dx = profile interval

The minimum distance that one can set the grid searching without
creating holes in the map and at the same time preserve as much of the
blank areas of the grid that were not surveyed is given by the above
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formula. For example, in the case when one uses a profile interval in
the field of 0.5m, and has a cuts-per-marker of 2 and a distance unit per
marker of 1 meter, than the minimum distance to create a solid grid of
data would be

sqr[(.5/2)"2+(.5/2)~2)=0.354 m.
Users normally set the blanking radius equal to the search radius, which

defaults to one and a half times the profile spacing or 0.75 meters for this
particular example.

Grid Filtering

A total of 22 different kinds of filters can be applied to gridded time slice
*.grd datasets. 20 of the filters are matrix filters and the last two filters
are linear background filters to remove noise parallel to either the x
(horizontal) or y (vertical) axes of the time slice grids.

The matrix filter descriptions are given for a 3x3 matrix as follows:

1) 3x3 Low Pass - 111
111
111
2) 3x3 Boxcar Subtract - 1/91/9 1/9 000
1/91/91/9 - 010
1/9 1/9 1/9 000
3) 3x3 Hi Pass- -1-1-1
-1 9-1
-1-1-1
4) 3x3 Laplacian- -1-1-1
-1 8-1
-1-1-1
5) 3x3 Vertical Enhancement- -12-1
-12-1
-12-1
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6) 3x3 Horizontal Enhancements -1 -1 -1

2 22

-1-1-1

The same filters can be translated into larger matrix filters with 5x5, 9x9,
and 17x17 grid elements.

1) Low Pass filter: For very noisy time slices the user may want to apply
5x5 or 9x9 lo pass filter which will take a boxcar average over the filter
size. For instance, a 5x5 will take an average of 5 grids in each direction
about the center of the filter and output this averaged result. This is
useful for smoothing noisy time slices, and is essentially just an average.

2) Boxcar Subtract filter: This filter takes and average over the entire
(rectangle - boxcar) and subtracts this value from the center of the filter.
This is somewhat like a High Pass filter in that local changes are
magnified in the grid and background reflection features are removed.

3) Hi Pass filter: This filter will amplify very strong amplitude changes
across a grid. This filter will often remove too much essential information
and is usually not the most useful filter for most application.

4) Laplacian filter: These filters will amplify linear features. This filter is
also not useful for most imaging problems, except in cases where only
linear features are desired to be extracted from a time slice map.

5) Vertical Enhancement filter: This filter will amplify linear features
parallel to the y axis of a grid.

6) Horizontal Enhancement filter: This filter amplifies linear features
parallel to the x axis of a grid.

7) Vertical Background filter — This filter is a threshold line filter that is
applied individually to lines within the grid that are parallel to the y axis.
The filter works by computing an average value of the gridded data over
a filter length that the user sets. This value is then subtracted from the
value of the center of the line filter. This filter is useful in removing
striations noises in the time slice grids. The filter is also useful in
removing the mosaic patterns caused by connecting adjacent grids
collected at different times or during different ground conditions. The
vertical background filter requires the user to set the upper and lower
thresholds for which data will be included within calculating the moving
filter. For instance in the case of strong reflections from target features
along the line, the user can set the threshold to a value just below the
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target amplitudes. By doing so, the data from the targets will not be
included as the moving line filter is applied. This will insure that strong
reflectors do not get ‘smeared’ as the filter is applied. The lower setting
can also be used in the same way. The minimum and maximum
threshold settings are given as a percentage of the relative strongest
reflector along each individual line.

8) Horizontal Background - This filter is identical to the Vertical
Background line filter just described, however, the filter is applied to the
grid lines in the X directions.

Note 1: If the grid was acquired along the y direction then in the case
that the user needs to do some background filtering, the Vertical
Background filter should be used; likewise, if profiling was done along the
x direction then the Horizontal Background filter should be used.

Note 2: An overall gain can be applied to the filtered grids. Regaining is
usually necessary for Laplacian filtering as grids with weak target
reflections will require an increase in the dynamic range of the data.
Normally, the gain can be set to 1.

Note 3: The Filter Length setting only applies to Vertical Background and
Horizontal Background filtering. The user will need to try several setting
to see which filter length provides the right amount of filtering to the
data. A Filter Length set to the total length of the grid cells in either the
vertical or horizontal direction will essentially subtract a single — averaged
- value from each grid line individually.

Note 4: Background filters can filter out real signals that are recorded
within the data. For instance, if a buried wall reflection was recorded
parallel to the x direction of a survey area, then a Horizontal Background
filter with maximum thresholds set above these reflections may cause
complete or partial removal of these target reflections from the time slice
maps. Thresholds can be used to not exclude data above or below these
values in the filter.
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Example of (vertical) grid line filtering

© Gridding: treasure

Xgnd start | o gridding
X grid end I 10
Srtand help set |
grid start I 0
: cell size @ draft
Yoidend [10 C e
grid cell size I? search ; itaoari;ard
® broader
search type
X-search radiusl 1.95
Y-search radius:l 1.25
blanking radius I 125
stagger length ID— variogram |
@ inverse dis. " krigging
smoothing |2 range[ 1 2
factor I
nuggell 2
sill| 1.2
i —|
filter type Norz backgn
2D-sharpen d|
eppend denthe| 2D filter
filter length I 1000
%max threshold| 100
%min threshold [ 0 3D filter
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Nutubaru Site, Shintomi Machi, Miyazaki Prefecture, Japan

eenutul: 0-29cm
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Using the vertical filter in the Grid menu, linear features parallel to the
profile lines (top diagram) in this example dataset are removed. The line
filtered grid (middle diagram) is also smoothed with a 9x9 lo-pass boxcar
filter (bottom digram). After filtering hidden features are shown in the
image that could not be seen in the original raw time slice.
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Example of differentiation of time slices added to Grid Filter Menu

Another filter of the time slice images can sometime be to differentiate
the image in both x and y directions. A grid filter option which
differentiates the time slices is available in the Grid menu - filter listbox.
The process looks at nearest neighbor differences, squaring the
differences in both x and y directions, and presenting the square root of
this sum. An example of a time slice that was differentiated using the
dx+dy filter. is shown with the original data, the differentiated time
slices, and a small lo pass filter applied to the differentiated time slice.
Very subtle structures which are not illuminated in the regular time slice
are apparent. Individual differentiation filters in both the x and y
directions are also available as well in the Grid Filter listbox. Processing
with hi-pass grid filtering can also achieve similar results.

© Gridding:  treasure elnutu?- 0.-5.9ns Raw
v b b b PRI BN S S U A S A SN B S A O R .
- 40 H
X grid start | 0 gridding ] r
X grid end I 10 ] L
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start I 4 L
e d cell size Qi ] r
Y grid end | 10  fine 20 1 . a
grid cell size I 05 search 2 g:i;j:d ; : .' ;
search type 10 ] N
X-search rad\usl 1.95 ]
Y-search rad\usl 175 0 LI B e B B B
Om 10 20 30 40 &0 70 80 90 100
blanking radius I 195 - -
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Rotating/Translating/Appending Grids

In the GRID Menu an option to translate and rotate grids is available.
Two options are available for rotating and translating grid: 1) fixed grid
origin or 2) translate origin. Fixed grid origin refers to fixing the origin of
the local grid or the southwest corner after grid rotation. The x and y

®
slice files window-ns grid proc
. . . rocessin
X grid start | g gridding input grd/dat ident | |enyutu | ¥ graphics < I I I Il:
X grid end | 108 number of slices | 2g 40% » autoscaling | [ [ [
) help set _ . | [ [ [
Y grid start | g o & draf starting slice # | g gg:i: y i i i I_
Y grid end [ 44 " fine | | | [
. . + standard | | | I_
d cell h
grid cell size | 4 search —— | | i l_
search type -~ . .

Ve ¥ — append identifier | g double size I I I ||:
X-search radius| 75 block gridding I_

v b radi % block size| o . | ! !
-search radius| 75 v block sizel[]— | j export slice I I I II:
blanking radius | 75 show blocks append identifier r rotate/translate grids | | [ [ [
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variogram Xtranslate | 10000 M M | | | I_
verse dist ~_inverse dis.  krigging Y-ranslate [ 20000 | [ [ [
wt | 2 range [ 1.2 @ fixed grid origin | [ [ [
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sil [ 1.2 a3d.dat [ [ | [
r r —

& Grid Rotation/Translation
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74



75

translate values in the menu are the values used to set the origin of a
rotated grid. The fixed grid origin option can be useful in georeferencing
a local grid to a UTM grid for instance, where only the southwest corner is
given. The second option -translate origin will simply fix the southwest
corner of the new grid after rotation. The translate origin is useful to
reference a new set of grids to a common origin so they might be
combined or appended if needed in the Pixel Map menu.

In the example, a grid is rotated 10 degrees and translated to
x=10000, y=20000 at the origin. With the “fix data origin" clicked on the
southwest corner of the old grid will be rotated/translated so that the
original southwest corner is now at 10000, 20000 in the new grid. This
rotate/translate process will work in batch and will create a whole new set
of grids called with the append identifier.

Appending Gridsets

Often independently created time slice grid sets are needed to be put
into a single encompassing grid files. If the user then wants to append
several grid sets together, they can do so in the Pixel Map Menu. The

general steps for appending grids together are:

Step 1: Use the multi-grid identifier and type in the grid names separated
by commas. In this example, there are 2 grids written as a, b

Step 2: Set the starting grid number (in this example the starting grid is
5 to append the 5t and 6t files together)

(Alternately steps 1 and 2 can be accomplished by explicitly typing the
names of the grids to append in the grid file slots in the menu)

Step3: type in the total # of grids to append together
Step 4: type in a new name for the appended grid.

Step 5: click the Append button and up will come a dialog telling you
what you are appending together and the new grid name.

Note: the cell size - grid density - must be the same for all the grids to
be appended together, if not, an error message will appear.
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a3:28.1-51.6cm

20

0
40m 50 60 70 80 90 100
b3: 28.1-57 4cm

An example showing the results of the Rotate/Translate and Append
processes is given in the figure above. Two grids were appended, one of
which was translated 40 meter. The resulting appended grid is shown in
the bottom diagram. All these grids were shown in a single GPR-SLICE
process by individually typing these names into the grid menu items, and
then displaying the first 3 grids. An example of the same processes with
a rotation added to one of the grids during the Rotate/Translate process
is shown in the diagram below:

|'u3‘:28‘.1-§1.6‘cm‘ B eri Bl h3:28.1-67 4cm

B L LA e R e L A
28m 38 8 78
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Grid Blanking

©) Gridding:  treasure ) Grid Blanking:
gridding input grd/dat ident | 5 [ processing graphics

ar: 22-29ns
X grid end number of slices |7 « |autoscaling
_— help set o l_ 50%
grid start starting slice # [7 60%
cell size D e 70% j
Ygridend [ 10 C fine
: (" standard 30 filename: 1a3d dat pulse 3D file ‘
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@ inverse dis.  kigging rotation angle: 0 fipX | flipY

X grid start
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L ym
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During grid creation, time slice values are interpolated into areas.
The amount of interpolation is a function of the search radius and the
blanking radius. In some small scale sites, areas which are desired to
keep blank and to remove interpolated information, the user can
customize a blanking grid.

To implement grid blanking, the user can click on the Make Blank File
button in the Grid Menu. This will launch a drawing program which will
allow the user to draw blank areas within the displayed grid map. There
are adjustments for the size of the brush, which stores regions as the left
mouse button is clicked. Also, rectangular screen capture blanking option
can also be engaged. Once the desired area to blank is drawn, the Write
Blank Grid button in the drawing menu is clicked. This will store the
blanking information. The blanking information can then be applied in a
batch process to all the grids by clicking the Blank button in the Grid
menu.
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© blankgrid Correction:  \kisatchie\ss-gps\ _ ol
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I 1 " capture mode blanking.grd
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An option to show the location of GPS collected over a time slice grid
in the Make Blanking Grid menu is available in Grid menu. For a GPS
collected survey grid, clicking the GPS pts button shown above, will draw
the GPS navigation points over the GPS time slice. In the examples
above, a narrow and large search radius and blanking radius were used to
create the time slices. The purpose for putting the GPS track map on the
time slice information is for the user to better see how much interpolation
is being done, particular for random data collection. Some areas where
there are very thin GPS locations or errant locations the user may want to
remove these areas from the time slice maps. Correlating the
GPS locations will allow the user to create a customized blanking grid to
run in batch which will preserve additional areas the user wants leave
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blank in the time slice maps. The user can better visualize those areas
that may need to have grid values removed.

2D Fast Fourier Transform - Time Slice Filtering

An extremely powerful method for filtering and removing noises seen
on time slice datasets is 2D Fast Fourier Transform filtering. In this
method the time slices are converted to the spatial frequency domain
using Fast Fourier Transforms:

M-1 N-1
F(x,y) = Z Z f(m,n)e—jm(xgﬂ'.%)
m=0 n=0
M-1 N-1
f(m,n) = Z Z F(x, y)ejz’n‘:"‘%w;)
m=0 n=0

where x and y are the coordinate location, M and N the grid dimensions,
f(m,n) is the 2D Fast Fourier Transform of the time slice data F(X,y).
Noises in the time slice can be selectively filtered by setting those desired
spatial frequency components in the transformed data f(m,n) to O before
computing the inverse Fourier Transform F(X,y).

An example of using 2D-Fast Fourier Transforms to remove noise from
plow scars on time slices is shown in the next figure. In the original time
slice from 21-25ns plow scars can be observed at approximately a 45-
degree angle to the radar profiles and the grid. Transforming the time
slice with a 2D-Fast Fourier Transform (FFT), the spatial frequency
components comprising the plow scars can be clearly seen (a). The
spatial components of the plow scars in frequency space are identified as
linear features that have a direction that are normal to the plow scars
seen on the time slices. Selectively blanking out these spatial frequency
components (c) and taking the inverse 2D-FFT the plow scars can be
nearly completely suppressed in the filtered time slice (d). In addition,
just the contribution of the plow scars can be visualized by leaving in the
relevant spatial frequencies and blanking other components (e, f). The
2D-FFT filtering is very sensitive to low frequencies near the center of the
image. For blanking operations either a screen capture mode or painting
mode where the user sets blanking brush size can be used. If an area
that is blank does not look good after running the FFT operation, the area
can be un-blanked by clicking the repaint button and un-drawing.
Blanking out the low frequency spatial components, which are near the

80



81

center of the plot, can dramatically alter the final image. The user should
be careful not to completely blank out the central portion of the
transformed dataset. Because the 2D-FFT data is symmetrical between
the 1t and 3™ and between the 2" and 4t quadrants, blanking
operations only need to be applied to any single quadrant - the software
will automatically blank out the negative (or positive frequencies) in the
other quadrant.

) 20 FFT Grid Filtering : FFT 2D - crop mark

gnd# (" paint mode brush- write FFT2D grid J ot 1- use square grids that are binary size
1 @ capture mode brush+| |fit-la1.grd 2- paint/blank out FFT2D components il
Xform repaint | store [fit-filter.dat import batc! 3- click the FFT2D button to see filter re
plot+
20 FFT transformed time slice original time slice (21-25ns)
plot-
g+
fit.g-

A . e B
filter1 20 FFT filtered - plow scars suppressed

filter2
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2D-FFT filtering requires binary grid sizes to implement Fast Fourier
Transforms (M=N); however, grid resampling is done when the native
grids are not binary sizes. GPR-SLICE will automatically do resampling of
the grid for import to the filtering process and will back sample to the
original size and dimensions after the filter is applied. Another example
of a site with a rectangular grid with linear and slightly off parallel crop
noises near 5-10 degrees is shown. A customized filter is applied to the
2D spatial components. The 2D FFT filtered time slice shows suppression
of the linear noises which are non-parallel stripping noises due to
agricultural activity on the survey site. (data courtesy Eileen Ernenwein,
East Tennessee University).

®
grid# e  paint mode brush- write FFT2D grid FT?D 1- paint/blank out FFT2D components in one quadrant only - symmelric blanking applied
import batch

2 @ capture mode  brush+| |fft-resamp-h2.grd 2- click the FFT2D button to see filter results

Xform repaint re_ft-fiter dat

FFT-2D transformed time siice: resanpih2:00m 2 D) FFT raw - unfiltered
plot- —— -

S T——— L0 i - 6 2D FFT filtered

Note: The 2D-FFT filtering process is very sensitive to the central - low
frequency portions of the transformed data. For this example, a small
vertical ellipse of data near the center of the transformed time slice was
zeroed - and which helps to remove the crop noises more effectively.

Import 2D Geophysical Data

GPR-SLICE has capabilities of gridding any 2D and 3D data. Options
were placed into the software at the requests of users that wanted to be
able to grid other geophysical data. The import option located in the Grid
pulldown menu launches a dialog which asks for a filename which
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contains the data. The files must have the *N.dat extension where N
must start with 1 to N number of files to be imported, and be written as a
simple x, y, z comma delimited file with no header. GPR-SLICE requires
the *.N.dat format since users that import ERT data for example often
have a series of files and not just 1. The user should also make sure
that the very last line has a proper carriage return. Some programs such
as Excel etc, may not properly place the end-of-file carriage return
properly - please check this. Converting the data to CSV MS-DOS from
Excel for example will ensure that a readable file can be imported. The
*N.dat data must reside in the \dat\ folder of the project.

There are options to import the data as raw or de-spiked. Two
options for de-spiked data are to include the data by resetting to the
min/max spike levels, or to exclude points that fall outside of de-spiked
ranges. Also, the user can set data values which are flagged values (e.g.
empty values) in the imported data. In addition, the user can import the
data and shift every other line by the stagger length to compensate for
staggering errors, which is common from zig-zag surveys.

An example of a magnetic dataset is imported from a file called
ftimag.dat. The Import button will create a GPR-SLICE *.dat file called
ftimagl.dat with the correct header and format information. This file
ftimagl.dat can then be gridded in the Grid Menu and displayed in Pixel
Map menu just as a regular time slice is (see the following diagram). One
important point regarding importing geophysical data is that the absolute
values of the data are preserved. In GPR data the “real” values of the
electric fields are currently never known, just the digitized value of the
reflection which is a function of the gain and the binary resolution. For
importation of real geophysical data, the absolute values of the data
range must be preserved. GPR-SLICE tags the imported data grid files
differently than GPR grid files so that these values can appear on the
color legend.
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Import Geophysical Data |

import filename=ftimag1.dat

© Import 2D Geophysical Data:  \kisatchie\radar+mat ol x| ‘Z)rl;t:;i @23?$§§mmagl'dat
number of files |1— // 321;2;;20997.52
Geophysical input identifier W import raw data | grid type=y
total number of lines= 240
Geophysical output identifier W import-despike-include | \ total number of data= 43200
import-despike-exclude |
Staggesaoih | 0 min spike | _50
fagged vaue W max spike |—50—
e E \ Import Geophysical Datae:d|
import topography.dat I
@ xy,d comma delimited import filename=ftimag1.dat
" xy,z,d comma delimited output filename=mmag1.dat
min=-30
depth= 0
Ifimag1: Ons Ifimag1: Ons arid type=y

total number of lines= 240

. - 'A. A, S ,' =
Desplked TR total number of data= 43200
50 g | 50
25 25
0 0

Om 25

50

This magnetic anomaly map made from data collected at the Ft Lewis
archaeological site in Washington State, was historic farm site. The GPR-

SLICE operations of enhancing any imported geophysical data such as
histogram transform adjustments are available. Although currently only
2D files are importable in GPR-SLICE v7.0, it is possible to generate 3D
files of non-GPR data in the software. Using Electrical Resistance
Tomography data collected by Jessica Ogden at the British School of
Archaeology in Rome, 3D volumes could be generated after interpolation
in the Pixel Map menu. An example display is shown below.
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Xy
I lite iscu-L|75 iso [ x| v [ z|H[ rdm [iracian ] s
gid2d [GPShyplt v | il stat | export | 2Doff [ 0[S [R[ ~]:

ERY imported data
ZSQ&“:‘Z‘Z z=13 8m

In this ERT 3D volume, 12 resistivity inversion layers were imported
in batch by setting the number of files to 12 in the Import 2D Geophysical
Data menu. A total of 12 files res1-12.dat from the ERT data were placed
in the \dat\ folder before they were imported and gridded. After gridding,
typical Interpolate+3D file generation available in the Pixel Map menu

was applied.
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GeoSoft Oasis Montaj *.gxf Export Format

A new export format for import of GPR-SLICE 2D *.grd grid files has
been created for import into Geosoft’s Oasis Montaj Software. In the Grid
menu, there is a listbox for choosing different formats including the first
export option for making Surfer grids (Figure 5). The *.gxf (Grid
Exchange Format) is an ASCII format that can be directly imported into
Oasis Montaj Software. The *.gxf format was in fact developed by
GeoSoft for sharing grid files with other software. The exported grid files
are written to the \grd\ folder. An example of a grid file in GPR-SLICE
and its counterpart *.gxf format displayed in Oasis Montaj viewer is
shown in Figure 5.

@ GPR-SLICE Ground Penetrating Radar Imaging Software: treasure

mFile Edit GX Database Map Grid andImage 3D SeekData Window Help
dean@gpr-survey.com | - | & | x
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IEEIE-
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Import 3D Geophysical Data

0 GPR-SLICE  Ground Penetrating Radar Imaging Software: treasure
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter Static Animation Help

grid
--| <~ import 2d geophysical data
© Import 3D Geophysicalle import 3d geophysical data i

Import 30 data directly to a 3D binary volume

project | folder | options T rac
L .

e

Browse for 3D file |

input 3D filename | importxyz dat start import |
output 3D filename I xyz3d.dat

3D xy grid cell size I 200
3D z grid cell size 100
min spike I 0
max spike I 10000000
x search-cells interpolate |

y search-cells

117

z search-cells

* Data should be xy,z,d comma delimited
* 3D Volume smoothing filters can be run in Grid menu after

A 4 column ASCII file with a comma delimited format of x,y,z,d of
external geophysical data can be imported, interpolated, and directly
written to a 3D binary file. In the import option the maximum number of
desired grid cells in either the XY and the Z direction are independently
set. The number of cells to search for interpolation in X, Y and Z
directions can also be independently set.

Note: Depending on the number of grid cells and the number of cells to
search as well as the density of the imported data, the resulting volume
may have many empty cells. Examining the volume in Open GL Volume
can also magnify the gaps in the volume since color blending options
need adjacent cells with data to illuminate surrounding cells. If there are
many blanks either reduce the number of grid cells, or increase the
number of cells to search out.
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Comparison of GSSI, Mala, Sensors and Software, Resistivity and
Magnetics

A comparison of GPR time slices computed from 3 different equipment
manufacturers, GSSI, Mala and Sensors and Software, is shown below for
the Ft Frederica surveys. This survey was made as part of the National
Park Service workshop on GPR. The time slices made from a Mala 250
MHz, Sensors and Software 500 MHz, and the GSSI 400 MHz antenna all
show remarkably the same general feature. The data are also compared
in the following diagram with resistivity and magnetic data from the same
site there collected. Examination of magnetic map shows little correlation
for this particular site. Magnetic lows seem to be inversely proportional
to areas of high reflections. Some regions of high resistivity are
correlated with recorded GPR reflections.
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MALA Geoscience-250 MHz Sensors and Software 500MHz GSSI1400 MHz
Imala-y7: 12-17ns Iss-y7: 10-14ns Igssi-y7: 8-12ns
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A second example is shown for the Ft Lewis archaeological site in
Washington State. Here only one GPR instrument was used along with a
resistivity and magnetics. The resistivity survey was not as extensive as
GPR and magnetics.

la2: 3-8ns la5: 11-17ns la8: 20-26ns
i 60 .

50
40
30
20

10

" ) - 6 ) ; " . s
Om 10 20 Om 10 20 30 40 50 60 Om 10 20 30 40 50 60
la11: 29-34ns b-itimag1: 59.33594ns Ires1: 59.33594ns

60 P : :

50

40

30

0 0 S : 0 § L
Om 10 20 30 40 50 60 Om 10 20 30 40 50 60 Om 10 20 30 40 50 60

89



90

Smoothing of 3D Volume files

3D volumes generated in GPR-SLICE can have boxcar smoothing applied
in 3 dimensions. The option is available in the GRID menu with the
button identified as 3D Filtering. Currently 3x3x3, 5x5x5, 9x9x9, and
17x17x17 boxcar smoothing is available (and listed in the bottom of the
filtering listbox as seen in the following diagram). In addition, 3x3x1,
5x5x1, 9x9x1, and 17x17x1 3 volume filters are also available. These
smoothers are particularly useful for 3D volume generated for the full
radar pulse and do not include time slice smoothing from sample other
than the same level. The option can also be effectively applied to
topographically adjusted 3D volumes. This filtering helps to alleviate
some noises caused by the vertical shifting of normalized grid cells to
adjusted topography levels in the volume.

© Gridding:  treasure
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PIXEL MAP Menu: Overview

This menu is designed to enhance and display time slice grids created in
GPR-SLICE. Many functions can be performed in this menu, including:

drawing multi-time slice displays
adjusting time slice transforms
interpolating time slices

creating 2D time slice animations
appending/concatenating grids
overlay analysis

For those topics not included or need further description than given in the
Quickstart section, they are presented here.

Drawing Multi-Time Slice Displays

As shown in the Quickstart section for 2D time slices, the user can
display as many time slices in one screen as they so desire. If the user
chooses automatic sizes for the screen displays, then they will have the
autoscale switch engaged to some value other than “custom”. If the
autoscale switch is set to 50% for example, all time slices drawn to the
screen will fill up only about half the computer screen. The user
normally will choose how many time slices plus the number of rows they
will want to display maps at. The Pixel Map Menu will find appropriate
sizes and locations for the time slice maps based on the number of slices
and rows set. The user can also manually set the sizes and the shifting
between plots by turning on the custom option in the auto scale listbox.
For custom sizes, the user will need to specify explicitly the:

X, Y origin of first map measured from the upper left hand corner of
computer screen

X, Y pixel lengths of the individual time slice maps
X, Y pixel lengths to shift between adjacent plots.
With the custom setting engaged, the user can make multi-time slice
displays which are actually bigger than the computer screen. When
images bigger than the computer screen are drawn, GPR-SLICE will

automatically put scroll bars on these displays to allow viewing the entire
image.
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g B Color | Draw ‘ + | | W | eInuud grd
x0| 50 yo| 5 [ focus | () Time Slices: ‘\data\nutu\
x1| 100 ¥1| 40
new gridname ,7 Append elnutut: 0.-5.9ns
overall gain 1 Xform )
normalization 40%
@ relative 50%
0,
(" absolute ?gu;g
" ABSOLUTE |(gpoy,

90% ) 20 30 40 ¢ 0 80 90 100 ) 0 80 90 100
autoscaling 100% )

9
origin X| 50 Y| ap Hg;{:

length X| 300 Y | 300 ;gg:ﬁ

shift X| 420 Y |190

¢ tf " bmp ¢ jpg | world file
C od _ 1
screen ¢ lastgrid . : ¢ [ [N
dump g gridbygrid zone# [ | o oo 0 80 90 100

identifier [new opacity m

lat1 0 lat3 0
long1 | 0 long3 0
lat? 0 lat4 0
long2 | o longd | 0

interpolations | 10 identifier |i 0 10 20 30 40 ¢

ald.dat

kmz file

0 10 20 30 40

In this example above, the number of time slice grids to display is set
to 6 with 3 rows. The auto scaling function is engaged to custom. The
multi-time slice displays are drawn 70 pixels from the left and right from
the top left hand corner. The pixel lengths for the plots are set to 300
pixels each. The plots are also shifted 360 pixels in the horizontal X
direction, and 200 pixels in the vertical Y direction. (Also, the

background color is set to black and the font color to white in the Options
menu).

There is an option to only show a portion of a time slice grid to the
display. Checking the focus option on and then setting the x and y
start/end locations to the desired portion of the time slice grid, will
generate separate time slice maps with just the focused region. This
option is very valuable for large scale time slice grids when only a portion
is needed for examination. This could be a very easy way to also remove
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) Pixel Maps: \data\nutu\ - B
titlet | identifier list | elnutu ﬂ
title2 | identifier | elnuty example:
aorab,.
start# | 1 o
grids | g rows | 3

Inutu.grd
C.overly Owverlay g | et ar

. [v | elnutu? grd
grid# | & Color | Draw | + | - | v | elnutu3.grd

x0| 50 yo| 5 ¥ focus | () Time Slices: \data\nutu\
x1{ 100 v1| 40

new gridname ,7 Append
overall gain ,1— Xform

normalization 40%
@ relative 50%

" absolute
70%
" ABSOLUTE |gqo,
90%

elnutu1: 0.-5.9ns

autoscaling 100%
- = 110%
origin X| 50 Y| 40 125% e
- - 150% [ fns elnutu.
length X300 Y [ 300 200% N
shift X[ 420 Y [19g |custom
C tif " bmp O jpg | world file
" dxf . kmz file
screen ¢ last grid
dump g gridbygrid zone# [
identifier [new opacity [ 10
lat1 0 lat3 0
long1 | 0 long3 0
lat2 0 lat4 0
long2 | 0 long4 0

interpolations 10 identifier |j
a3d.dat ‘

GPR edge effects found at the ends of lines, where noises due to the
collection methods can sometimes occur.

Three types of normalization can be used to display time slice maps:
relative, absolute or ABSOLUTE normalization. Relative normalization will
display each time slice map based on each individual grids own maximum
and minimum grid values. Thus each grid displayed to the screen will
have a red area (assuming a rainbow color table) as its strongest
reflector progressing to blue for its weakest reflector. In the case of
absolute normalization, GPR-SLICE will find the maximum and minimum
within the entire set of grids to be displayed to the screen first, and then
will find the appropriate color for each grid to be display based on these
overall maximum and minimum grid values found. The third option called
ABSOLUTE normalization will colorize the time slice based on the binary
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resolution collected with raw GPR data. For instance, if 16 bit radargrams
are being processed with the square amplitude, then the maximum
values in the time slice grids can be 27~ (15-1)7~2, which are really huge
numbers. One can display the color legend with the corresponding
numbers depending on the normalization by clicking this on in the
Options menu.

Note: Absolute normalization will generally overweight the top time slices
as this is the area where typical ground reflections reverberate within the
antenna to usually create the strongest recorded reflections within the
dataset. For absolute normalization to be effective, the user will
generally use a single color transform for all the time slice maps to be
displayed to the screen.

Creating 2D Time Slice Animations

JPG or BMP outputs can be created while time slice maps are being
drawn to the screen. Two types of output control of screen displays can
be set: last grid or grid-by-grid. Last grid will output only 1 bitmap/jpeg
after the entire number of time slices is displayed to the screen. Grid-by-
grid will output a picture file after every single grid is drawn to the
screen.

Before starting the drawing to create an animation, the user should
insert an output identifier for creating JPGs, located next to the screen
dump setting in the Pixel Map menu. If the jpeg output control is clicked
on, and the identifier is “a” for example, a series of JPG names called,
al.jpg, a2.jpg...aN.jpg, will be created when the drawing is started. 1In
the case when only the last grid option is desired, the single JPG filename
will be given the name aN.bmp, where N is the number of grids that are
actually drawn to the computer screen.

Note: Various resolutions of are available for jpeg outputs, but for GPR-
SLICE only the highest resolution is used.

Displaying 2 (or more) Different Grid Sets

The user can display two different grid sets on the screen. This is useful
in comparing different analyses that may have been applied to each grid
set on the same computer screen. In the example on the identifier for
each of the grids is inserted - comma delimited - as “a, r” in this
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example. Grid sets with different processing on the same site can also be
shown. More than 2 different datasets can be shown by continuing the
comma delimited identifier.

@] Pixel Maps: \treasure\ - 0
title1 identifier list | oma -
title2 -\dentmer example:
aorab,
stal 1
grids | g rows | 2
algrd
e ri.grd
i -
g 4 Colar Draw + 2o
x0[0 yo[ o [~ focus 2gd | () Time Slices: \treasure\ - O n

rt#
2
2
2
2
=T yi]o [+ | a3.grd
new gridname ’W Append v | r3.grd
i [+ | ad.grd
overall gain 1 Xform
4 [ | rd.grd
normalization 40%
® relative 50% [+ | a5.grd
0
C absolte 0% ~ [5grd
" ABSOLUTE |ggo, [ | ab.grd
90% v | r6.grd
autoscaling 100%
[+ |a7.grd
i 110%
origin X| 50 Y |50 125% w [r7gra
length X Y 150%
gth X[ 200 200 o0 (289
sh\ﬁxWY ’W ¥ | r8.grd
it Cobmp C jpg |worldfle [ 77| ad.grd
C axf st o kmzfie [  [r9.grd
screen (@ v [at0.grd
dump  ~ gridbygrid zone# | 18 P [rioga
identifier | zf opacity [100% « -
latt [0 lata [0 v
long1 [ 0 long3 [0 F
a2 [0 lat4 [0 2
long? [ 0 longd [0 &
interpolations [ 4 identifier [i M
Ir3d dat

Pixel Maps + Contour Lines

Pixel Maps can be shown with contour overlays. The contours can be
applied using either the transform, linear or custom option. Using
transform, the contours will be applied followed the active transform for
the displayed time slice. Linear, will place contours at a constant
threshold between contour lines. Custom allows the user to explicitly set
at what threshold values the contour overlays are displayed. For custom
the user can enter any values, separated by commas, between 1 and
255.
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Plot Options: \treasure\ - B
time slice colors| g Edit X SCreen size 1920 Contours ¢ yform
radargram colors| 1 . " linear
i screen size
isosurface colors| 41 [ shaded relief Y 1080 ® custom

horizon colors| 46 [ reverse colors menu font size | g ¢ only-xform
" off

[v automatic markers/labeling

# of contours

e

Ri Axi font weight
G i 16 contours(1 48 <256) [7 128 156
" latflong " ft yd mi i, 16 e
" latflong dec " in " mm  off pen width |3
- ——— (& off font color black
Time Slices: \treasure\

laal: 0-Tns laa2: 4-11ns laa3: 7-14ns
10 —pxayy,

Shaded Color Displays in the Pixel Map Menu

Shading of 2D pixel maps can be used in displays to give an artificial
3D appearance in the drawn time slice imagery. Shown in Figure 6 is an
example comparing normal - unshaded and shaded color time slice
images. This displays preference is currently available in the Options
menu. A slider bar can also be used to adjust the level of shading in the
images. Some color tables lend themselves better for shade coloring
then others. To assist the user in choosing a good color table with the
option, the standard GPR-SLICE color tables have been expanded. On
the Subscribers Only page of the website, the new color table for software
have been upgraded. The typical standard rainbow color table is still
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table #8, however, color table #9 was added and appears to be a perfect
palette to enhance shade color imagery. Other color tables and ordering
of the color tables in the list have been adjusted. Color tables from 21-30
for instance have bipolar appearance and these can be useful for

radargram displays.
useful.

For shade relief displays color tables from 41-50 are
From 31-40, color tables with less than 256 continuous colors,

such as 32 or 16 colors are provided to help represent colored contouring

imagery.

Note: Shade color displays are currently only available in the Pixel Map

menu.

@ Time Slices: treasure - o

no shade
‘\aﬂzﬂ-z‘scm

shaded color
lat: 0-25cm

10811

E

= 9219
7528
12320

=6

E

= 10512
7704

\a? 77102cm : m

9696

E

n2

@) Plot Options:  treasure

time slice colors|

24

Edit

radargram colors|
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isosurface colors| 2

& shaded color
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I” reverse colors

" shaded relief

I automatic markers/label

g

X SCreen size

1920
1080
l—

y screen size

menu font size

Range Axis & m
 latflong Cft
 lat/longdec © in

tick spacing 2

- btick for marker overide

label freq 1

# of decimals 0
Xlabel [x
Yiabel [y

™ user marks

big tick freq 1

Cem  C km
C yd © omi
C mm ¢ off
 off
 gridlines

" grid nodes
" concatenate
™ polar labeling
@ 2 side labels
© 4 side labels
© 2+ side labels
© 2-side labels

font weight 16
font width
font color

backgrnd color
OpenGL font size|
TSPoints font size|
OpenGL font tilt =
OpenGL low-end ATl card [~

=

Time/Depth Axis  m
T in
© msec © usec

© ns

tick spacing 5

& cm mm
o ft © off
time+depth
labeling

big tick freq. 1
label freq 1
# of decimals 0
velocity (m/ns) |0 069
x location pixels | 10
y location pixels
header style
@ time window

o

 time
" depth

Time label
Depth label

velocity
model
 constant
@& block
 profile
setin the
Hyperbola

(requires info*-depth.dat)

add constant/datum | 0

legend off
r
color table
KMz I &
border color transform &
col xfmno#s
legend label[
Nlabels [3
#decimals [0

horizontal display ¢
vertical display &

™ shut off GPS nav check for

speedier 2d radar display

Search menu

Absolute elevations

Relative elevations &
detected elev min=0.
detected elev max=0.m
requires time+depth labeling
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Customizable Legend Display

Color legends in the 2D Pixel Map menu can be customized to display
labels at any desired frequency (see screen shot). In addition, horizontal
or vertical displays of the legend can be set. The legend size is maxed
out to 512 pixels or shorter depending on the axis size that the legend is
output to. The number of decimals for labeling can also be adjusted. As
all 2D grid data are now recorded as double precision floating point
numbers and not strictly integers, all grid maps have decimal data
included. For time slice images where the squared amplitude or time
slices made from 32 bit radargrams are being used, the numbers are
quite large and the display of humbers on the legend can be shut off with
col Xfm no #s radio button.

® ® Plot Options:  treasure
time slice colors E Edit X SCreen size 1920
Irawl1: 0-Tns 0-36cm radargram colors| 1 @ shading off ¥ screen size 1080
02 4 6 8 . isosurface colors[ 1 ¢ shaded color x2screensize [0
15648 horizon colors| 45 —_— ¥2 screen size 0
15058 [ reverse colors " shaded relief menu font size g
v automatic markers/labeling
14184 RangeAxis & m T cm O mm font weight 16
" latlong i~ ft in " yd font width 16
13271 " latflongdec ¢ km " mi " off fontcolor  [pjack
FErEEETE ,2— o off backgrnd color. white =
12379 L  gridlines OpenGL font size| 12
o K : TSPoints fontsize[ 3
- btick for marker overide L gridnodes o enGLfo?ﬂtiItl—
labelfreq. [1 F coTcaIte;alt.e L
# of decimals 0 [PEET S i
16760 10 Xiabel [x " 2 side labels OpGL speed-skip scans | 1
— ,_ @ 4 cide labels OpGL speed-skip elements | 1
13093 8 Y " 2+side OpenGL
' GPSfull scale o et legend of
— 6 " GPS equidistant scale EEREpETEL r
9425 £ X colortable
— " GPS 1-scan 1-pixel KMZ
= 4 N e color transform &
5759 5 B SEMERS colxdfimno#s
Time Axis Depth Axis legend label
2082 0 * ns " usec  m & cm  mm (| Nlabels 5
0 2| msec " sec - ft in  of #decimals | g
X . horizontal display
Iraw12 CEEETEEEE 10 vertical display '
0 big tick freq. 1 velocity model
10 label fi & tant
a e. e 1 constan Absolute elevations
# of decimals i) {~ block . .
8 . Relative elevations
welocity (mins) 0.1 i~ profile .
- i detected elev min=100.cm
R xheaderloc. pixls | 10 setin the
< headerloc pixls [0 Hyperbola SRR G G
y_ o : requires time+depth labeling
" time window " time Search menu
" depth window {* time+depth
i~ depth rad (reguires info*-depth.dat)
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Overlay Analysis

Because structures are often not buried at equal depths, making thin
slices may only show parts of these structures on the time slice maps. To
make a comprehensive image of reflections at different time/depth levels,
Overlay Analysis can be implemented. In this process, the user can
choose a range of depths to overlay the relative- strongest-reflectors onto
a single map. The shallowest time slice map is first drawn and then
deeper time slice maps which have stronger colors (e.g. stronger relative
reflections at any grid locations) are plotted onto a single 2D map. GPR-
SLICE Software allows individual transforms to be applied at each level to
be overlaid into the final image, which allows for greater control in
emphasizing important levels in the combined time slice image map. In
the cases when continuous archaeological features are at varying depths
in the ground, the overlay analysis will accumulate reflections from these
different depth ranges and help to create a useful map containing all the
relevant reflections on a single image.

Show in the Pixel Map Menu on the following page is a series of time
slices made across a burial mound site in Miyazaki, Japan. The purpose
of the GPR survey was to determine the shape of a buried moat
surrounding the mound which might give information on the construction
period, either late or early sixth century A.D. In the individual time slice
maps, several levels show reflections which have some information
reflecting from the moat regions. These were identified as time slice
maps 6-11.

To start the overlay process, only those maps which are desired to be
included in the overlay are clicked on (as shown Pixel Menu on the next
page). The user has buttons on the bottom of the menu to click all the
checkboxes next to the grids on or off. The auto scaling option should
be set to custom and the shifting in x and y plots are set to 0. Clicking
the “Overlay” button will start the overlay process. After the results are
displayed the user may sometimes have to “lighten up” the general
transforms for the time slice maps to prevent overdrawing the maps with
too strong of colors.  The resulting overlay image for the example was
used to discover a “keyhole” shaped burial moat which indicated a early
6th century construction for the mound.

Animations of the overlays operation can also be made by turning on
the Screen Dump for JPGs and setting the grid-by-grid radio button.
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If the shifting of the individual time slice plots is made, then the user
can display the contributions from each map that will become part of the
overlay. This can be visualized in the Pixel Map Menu below. The auto
scaling was taken off custom and the plots were shifted automatically (at
50% scale). The first time slice was drawn fully. The next time slice in
the series shows areas on its map that are stronger in color than the first
map. The 3™ map and so on progressively shows what regions have
stronger reflections (colors) than all the previous maps that were drawn.
This technique of overlaying the relative-strongest-reflectors is not the
same as making simple composites or adding the colors or maps
together. The overlay analysis is a binary process to show the relative-
strongest-reflectors over the range of time slices chosen. The
nomenclature relative-strongest-reflector is used to distinguish the
overlay process which analyzes the individual maps with their relative
color transforms made at each level and overlays the strongest colors -
not strongest absolute reflection amplitudes - at each location. The
strongest colors which are mapped are at the control of the user in
setting transforms at each level in the overlay analysis.

) Pixel Mar M [=]P74| < Time Slices:  kofun100
Miyazaki Kofun 100
Titlel [ Miyazaki Kofun 100 Overlay Grid 6-11

elk1816.grd 4 | |
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Normalization 40% [ [eliaagd s04 ot UP® B 80 1 1;:""“' 3
e (6o o ge ol BF wdf® b
™ Absolute ?0”/0 -9 c o h: s . &
(" ABSOLUTE |0, [ [elk1811 grd OF% v M E 407 :
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Origin*)(l 70 YI 70 0% I_—E|k181379”j 0 rrerm i i 0- m - - e i m
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Shift: XIU_YIU— custom |_ elk1816.grd
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[~ bmp [ jpg -
—

@ Last Grid
Sereen o oyimis | 1

alk1818 ard

Note: Overlay analysis displays are written to a hardwired grid file
named overlay-analysisl.grd. The overlay-analysisl.grd file can be
redisplayed in the Pixel Map menu and world files also can be generated
from this specially compiled grid file.

101




102
TSPOINTS.dat Anomaly File

A feature was added to GPR-SLICE which allows the user to store a
file containing mouse clicks of anomalies. To access this feature, the
user needs to display a series of time slices to the screen. Then, right
clicking the mouse will launch a message box asking the user if they
wanted to store X, Y and T information which contains their mouse
location and the corresponding time slice information. Saying yes will
open up an on screen dialog which will get filled for every left mouse click
that is made on a time slice. The time slice name, the X and Y location,
and the time or depth location of the anomaly is stored in the on screen
dialog. This dialog is written to a file called TSPOINTS.dat and the end of
the operation. In this example, the time slices are being displayed in
centimeters and thus centimeters are written to the depth column. If
time in nanoseconds were chosen, the depth column would convert to
time rather than depth. The user can also type in a comment as they
store anomaly information.

: - [Bx

@ HEE

Time Slice depth-cm comment
elnutud.grd  30.85 1715 B3.13-B417 This is an example
elnutug.grd  38.36 19.08 841710521 of the option to store
elnutuB.grd  78.02 19.74 105.21-126 .25 the location of anomalies
elnutuG.grd 6061 9.06 105.21-126.25 in file called TSPOINTS dat
elnutug.grd  72.21 9.71 84 17-105.21 where one can edit this
elnutuB.grd 5223 2621 105.21-126 25 on the screen as they
elnutud.grd  75.44 13.268  B3.13-B417 choose points. The
elnutuB.grd 735 3008  105.21-126.25 file TSPOINTS dat is
elnutug.grd 93439 2103 B4.17-105.20 wiritten to the main
elnutud.grd 461 2265  B3.13-8417 project folder

elnutud.grd  47.07 1326  B3.13-84.17
elnutud.grd 7576 2524 B3.13-84.17
elnutud.grd 7447 2362 B3.13-84.17
elnutuf.grd  54.81 3462 84.17-1056.21
- - elnutub.grd 648 1553 B84.17-105.21
01 elnutub.grd 7318 22685 84.17-105.21
Om10 20 30 40 50 60 70 80 90 100 elnutuB.grd 4546 2944 105.21-126.25

i . elnutuB.grd 5964 4206 105.21-126.28
elnutu6: 103-123cm elnutuB.grd 2934 2524  105.21-126.28
it

Collect X,Y,T Info i

g T ‘ :
Om10 20 30 40 50 60 70 80 90 100 Open tspoints.dat ?

Yes
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The TSPoints option in Time Slice displays is also programmed for
right mouse clicks after initial launch - reporting of dx, dy, dxy between
the last left clicked point in TSpoints.dat file. An example of this new
TSPoints option in GPR-SLICE v7 in the Time Slice display is shown below.
The request for this option was made by a user that was working in a
forensic survey and they needed to quickly report distances between
selected points.

Initially the left mouse is clicked to store a bull’'s eye of the first point,
then subsequent right mouse clicks will draw separate chords from the
first selected point to all the locations where the right mouse is clicked.

;@ITime Slices: nutu

elnutué.grd: x=1021 y=5.9
elnutud: 102 5-123 cm

0 25 50 75 100

25. 25

Time Slice X Y depth-cm

1 elnutubgrd 3303 4196 1464 84-1757 81
dx=-22 84 dy=-137 dxy=22 88
2 elnutubgrd 3971 2841 1464 84-1757 81
dx=-16.15 dy=319 dxy=35 75
3 elnutubgrd 4769 2135 1464 84-1757 841
0. dx=-8 17 dy=4922 dxy=49 89
4 enutubgrd 72 3602 1464 84-1757 81
dx=16.15 dy=13 22 dxy=2087

ABSOLUTE Normalization Customizable Settings

The display of time slices with ABSOLUTE normalization now have
customizable inputs for the minimum and the maximum values (see next
screen shot). ABSOLUTE normalization will set the peak value and the
minimum value across an entire set of time slices and colorize the data
based on the values. Lower case absolute normalization - where the
minimum and maximum between all the time slices displayed is searched
first prior to display - is the same as upper case ABSOLUTE normalization
display if the user set values are identical. The customization here is to
allow users investigating 4-D measurements of GPR to “re-colorize” data
collected and to investigate changes in the signal over time. To do this
requires fixing the minimum and maximum values before colorization.
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Note: For those using the Grid Blocking function for either the
Multichannel menus or the Grid menu, when displaying multiple blocks at
the same level in the Pixel Map menu, ABSOLUTE or absolute
normalization should be used. This will insure that all the blocks are
colorized with reference to one set of min/max values - whereas on
relative normalization each map is independently normalized and could
cause mosaic changes between blocks when looking at the data as a
whole.

Note: In the example the absolute minimum and maximum were set to
the maximum abs (amplitude) time slice parameter of 3276872 =
1073741842 which is the largest possible time slice value that can exist
in a grid map for 32 bit radargrams. This value is unlikely and can only
come in the case of an area that has a completely strong reflection.
However, over gaining of a radargram, creating clipped regions could
possible create a time slice parameter in grid map with this value.
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OpenGL 2D Surface Plotting Menu

A menu to draw 2D time slices as 2D surface relief maps is now
available in the Pixel Map 2D pulldown menu. In the menu there are 4
possible displays:

net plot
net plot + 2D
surface + 2D
surface

el A

The example shown is a surface + 2D image. There are Z scaling
buttons to reduce or increase the surface anomalies. Clicking the Z scl-
button several times will make 2D flat displays which can be rotated and

£ GPR-SLICE Ground Penetrating Radar Imaging Software: nutu

File Reverse Navigation Slice Grid | Pixel Radar 3D volume Filter Static Animation Help
project OBt © 2D time slices

I: mosaic correction

split screen: time slice-radar

Open GL 2D

© GPR-SLICE - OpenGL 2D Display: nutu
- flenuubgrd +| + | pit | pit+ [zsc| zsc+ [psp-[psp+| 1t | rt [ dn [ up | Xform | identfier |t store: tjpg generate animation |

idenﬁiel1|enu(u vl dz- | dz+ up | gridline0 | dn | color smoothingon | net 0 skip+ fl-—1
. light on 2 7 net+2D skip-
# ndsl t ew lock
e o light-azimuth -~ opacity i 2Rt £5 surf+2D

light-latitude —— }——— intensity {— surf
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tilted real time. The time slices can be incremented by clicking the + and
- buttons.

Elemental lighting options have been added to give various effects
where the azimuth, light latitude, intensity and transparency can be
changed with a slider bar. Several control buttons to adjust the
separation between the surface plot and the time slice can be handled
with the dz-/+ buttons. There is also a Top View Lock checkbox which
when engaged with just the surf will give a normal 2D time slice image.
We hope to expand this menu in the near future to also have some
additional features such as multi-time displays.

The Open GL 2D menu has options to output a single jpg or a series of
jpgs for input to the animation menu. There is a Store jpg button which
will create one jpg. To generate an animation, the user can click the
Generate Animation button. This will cause the OpenGL 2D routine to
display all the time slices set in the Pixel Map menu and create an
animation with the jpgs automatically incrementing their stored named.

Note: Currently to generate an animation, the OpenGL 2D window should
remain maximized. Any changes to the graphic window that are made
as the animation is being generated, will cause those screen changes to
appear in the outputted jpgs.

Multichannel 2D time slices from 3D volume - unlimited survey
size

Compilation of the 3D volume from large surveys was limited by the
size of the volume. Volume sizes under about 500mb could be handled
and generated in the software. Recently, our users at GeoStudi in Italy
surveyed an area encompassing 12 hectares that comprised over 9000
radargrams! GPR-SLICE was not equipped to be able to handle these
large sites. Not only could the 3D volume not be compiled, there were no
options to be able to display such large sites.

New software was written to solve the problems of data compilation of
super large sites and for display of super large sites. The enhanced 3D
radargram volume generation menus - available to only multichannel
users - now can read any size survey and compile this data to a volume.
The operations will initially test the size of the survey and if it is greater
than 500mb, special disk writing procedures which do not use any array
space will automatically be implemented, allowing for unlimited
compilation capabilities. However, for these large super sites, because
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compilation is being written sample-by-sample to the disk and not in
blocks, the compilation operations can be upwards of 10-15 times slower
than normal speeds.

With the first part of the problem solved - being able to compile super
large volumes for large area surveys — the next task at hand was being
able to display this large data. A new menu was written that also does
not use memory arrays and this is now available. The new menu allows
the multichannel user to display any Zscan from a large volume in 2D.
An example of a dataset where 5cm cells over a test volume, which is
equivalent to 17 hectares, is shown in Figure 5. The volume compiled for
this site is 6.2gigabytes! The 2D menu allows only a single Zscan from
the volume to be displayed on the screen. Batch buttons however, are
available for outputting jpg,/bmp/kmz files from the entire volume,
frame-by-frame.

The example site studied in Switzerland with the processing in GPR-
SLICE run by Gianluca Catanzaritti from 3D Geolmaging in Italy reported
that the 9200 radargram - 12 hectare site could have all data processes
run within 15 hours of batch operations! The processing included
conversion, Ons radar editing, spectral whitening, background filtering,
Hilbert transform, and 3D volume compilation.

OpenGL Volume menus for such large dataset, to visualize everything
real time with isosurface etc, is of course not available at this time. In
addition, Overlay Analysis can also be used since this would require
memory operations with these large datasets.
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File Reverse Navigation
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GPS-GPR Surveying and Imaging: Introduction

GPR-SLICE was equipped to do 3D imaging from GPR/GPS surveys
beginning in 2003. An example plot of the first GPS track and time slices
generated in 2003 in the software and published in the SAGEEP (Soc. for
the Application of Geophysics and Engineering for Environmental
Problems) 2004 proceedings is shown below (data courtesy of Matt
Barner, URS Corporation):

x-easting = 12453955  y-northing = 532501.12

eltest2: 4 -10.1ns

|||||$|||Pl’|/|n|||||||n|||||||||E e
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Since this first early operation of GPS imaging in the software, many new
options over the years to completely automate the process have been
added to GPR-SLICE. GPR-SLICE is completely compatible with all the
unique GPS formats from Sensors and Software, Mala Geoscience, and
GSSI, US Radar, IDS, 3D Radar, Radarteam, Geoscanners and UTSI
Electronics as well as SEGY recorded GPS radargrams. GPR-SLICE will
take all the raw and unique GPS log files that the major manufacturers
generate, and convert these files to GPR-SLICE format. GPR-SLICE will
read:

e Sensors and Software *.gps log files and convert these into UTM
coordinates and write a standardized GPR-SLICE formatted
navigation file called *.dtl.gps used for time slice operations,

e GSSI *.tmf timing files to get the start and end times for a given
*.dzt radargram, and then extract the necessary and
contemporaneous GPS logging information given in the *.plt, after
which a standardized GPR-SLICE formatted navigation file called
*.dzt.gps is generated for time slice operations - both Time
Stamped and non-Time Stamped log files are converted. GSSI
SIR30 has different extension names and formats, e.g. *.dwg files
which are read an automatically converted to UTM. These files also
have the scan number stored and conveniently given in the native
log files which are written into the GPR-SLICE *.dzt.gps log files.
*.dzw log files read was also added in 2013.

e Mala Geoscience *.cor or *.gga log files and convert these into UTM
coordinates and write a standardized GPR-SLICE formatted
navigation file called *.rd3.gps used for time slice operations.

e US Radar *.gps log files and will convert these into UTM coordinates
and will write the standardized GPR-SLICE formatted *.rad.gps
files.

e IDS *.gps or native *.geox files are imported directly and
converted to UTM coordinates to make the *.dt.gps files navigation
files

e 3D Radar *.positions.txt or *.nav are read and converted to
*.vol.gps files with the standardized GPR-SLICE navigation format.

e UTSI Electronics *.gpt files are read and converted to *.dat.gps
files with the standardized GPR-SLICE navigation format.
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e Zond or SEGY/2 have the GPS information written into the scan
headers which are similar to the SEGY locations. Zond has however
has changed the location of the standard SEGY to accommodate
higher navigation precision. These location are automatically
inserted into the GPR-SLICE written log files.

e GeoScanners *.gsf GPS information is written into the scan headers
of these radargrams and this is extracted and placed into the
*.gsf.gps navigation files by GPR-SLICE operations.

GPR-SLICE v7.0 uses a 20 column format for GPS files. This 20
column format contains:

Eastings, Northings, Elev(m), Time, scan#, GPS quality, N
satellites, HDOP, vector x, vector y, and vector z, + 9
columns for future growth.

The *.*.gps files are automatically generated by clicking the various
manufacturer’s buttons in the Edit Info File menu. In most cases, the
manufacture has either written the $GPGGA NMEA string or have
provided eastings and northings values in their log files. For those
manufacturers that only provide the NMEA string, the latitude and
longitude are converted to eastings and northing using the WGS - 84
values:

Equatorial_Radius: Semi-Major Axis (WGS-84 value = 6378137.0 meters)
Polar_radius: Semi-Minor Axis (WGS-84 value = 6356752.3142 meters)
Flattening: f = (a-b)/a (WGS-84 value = 0.00335281066475)
First_Eccentricity_Squared: ecc = 2f - (f*2) (WGS-84 value = 0.00669437999013)
Inverse_flattening: Reciprocal Flattening (1/f) (WGS-84 value = 298.257223563)

There are utility buttons in the Edit Info File menu call *SS to UTM” or
“Mala to UTM"” or “"GPS to UTM” where the $GPGGA NMEA strings which
contain latitude and longitude information, are automatically converted in
GPR-SLICE to UTM coordinates. UTM coordinates are much more useful
for processing then latitude and longitude, because the actual absolute
ranges in metric units in east and north are assigned.

The scan # does not necessarily have to be written into the file. If
there are no skipped GPS readings - e.g. no GPS fallout - and the
readings are all equidistant in time and/or spatially equidistant in scan
number across the radargrams, then the Artificial Markers can (and must)
be used to generate the navigation tags across the radargrams. If there
are fallouts or the GPS readings are not equidistant in scan # across the
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radargrams, the GPS Trace # process in Marker menu to extract the scan
# from the GPS files must be used for navigation. In this case, the scan
# must exist in the 5t column.

Sensors and Software, Mala Geoscience, US Radar, Geoscanners and
Radarteam for example currently output the scan #. Having the scan #
associated with each GPS reading insures the best and most accurate
navigation. Some users are finding customized solutions to generate the
GPR/GPS files particularly for older equipment that was not set up to do
GPR/GPS collection automatically.

As a review, the two possible navigation steps that are unique to
creating a time slice from GPS navigated data are:

a) run the Artificial Marker process in the MARKER menu to place
navigation tags equidistantly across the radargram
corresponding to the total number of GPS recorded and when
the corresponding scan number is not known

b) run the GPS Trace # process if GPS navigation has been
recorded with the corresponding scan number.

After applying the navigation, the dataset then goes through the normal
operation followed in the Slice/Resample menu. One special note, if the
user slices the data with a bins per mark in the SLICE menu of 2, then
the XYZ dataset will be comprised of averaged readings made twice
between GPS readings. If the GPS data were collected for instance every
1 second, then a bins per mark of 2 would mean the data are binned
every 2 second. If the data were gathered based on the survey wheel,
say every meter on the ground, then a value of 2 would correspond to
making 2 time slice parameters between consecutive GPS readings on the
survey wheel at 2 meter. The user will need to decide what is a
reasonable spatial sampling along the GPS radargram and this is done
with the cut per mark setting.

GPR-SLICE is capable of handling any density of recording of GPS
readings. GPS log files with NMEA or log information collected on every
recorded scan - or for navigation logged on some regular or random
place along the recorded scan are all handled within the software

properly.
With this basic information, it is useful to review examples of

GPR/GPS imaging using each of the major manufacturer’s datasets. We
would like to extend are thanks to: Allen Gontz of the University of
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Massachusetts for providing the Mala Geoscience dataset, Amzie Wenning
of the Indiana Geological Survey for providing the Sensors and Software
dataset, Andy Kathage for allowing us to use the GSSI GPR/GPS dataset,
Ron LaBarca of US Radar for SPR Seeker equipment, Egil Eide from 3D
Radar of Norway for *.vol data, and Erica Utsi for the UTSI Electronic GPR
system of the UK.

Sensors and Software GPS Navigation

Purpose: To introduce how Sensors and Software GPS surveys are
integrated into GPR-SLICE software and to show all the steps from using
raw GPS tracks to creating time slice datasets.

Basic Information: With every Sensors and Software GPR/GPS survey,
a GPS log file with the extension *.gps is created for every radargram.
This log file which must reside in the \raw\ folder of a project contains the
trace # (in GPR-SLICE referred to as the scan #) followed by a NMEA
string.

LINEOO - Notepad _[alx
H p

File Edit Format View Help

Trace #1 at position 0.000000

$GPGGA,141324.000,4007.56336,N,08557.09951,w,2,09,1.1,207.2,M,-33.6,M,4,135%67
SGPGSA,A,3,14,18,24,09,22,21,03,19,26,,,,1.8,1.1,1.5%30
$GPvVTG,0.0,T,,,0.0,N,0.0,K*2D

Trace #11 at position 1.000000
$GPGGA,141331.000,4007.56352,N,08557.09931,w,2,09,1.1,207.2,M,-33.6,M,1,135%62
SGPGSA,A,3,22,24,21,18,09,14,03,19,26,,,,1.8,1.1,1.4%31

$GPVTG,45.8,T,,,0.8,N,1.4,K*19
Trace #21 at position 2.000000
$GPGGA,141332.000,4007.56369,N,08557.0990
$GPGSA,A,3,21,18,24,22,09,14,03,19,,,,,2.

W

08,1.3,207.2,M,-33.6,M,1,135%6A
1.8%33

In this example log file for one radargram, every 10 traces and its
corresponding NMEA strings are given. There are various NMEA strings
available; however, GPR-SLICE uses the GPGGA one for navigation
operations. To convert this file to GPR-SLICE format, various quick utility
buttons are available in the Edit Info File menu. For this Sensors and
Software example GPS dataset, the user will click on the SS to UTM
button in the Edit Info File menu (shown in the next menu screen shot).
The SS to UTM button will convert the entire *.gps log file for each
radargram and generate a *.dtl.gps file which is a 20 column format and
is:
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Edit Information File: CAkisatchie\ss-gps\info.dat - B
profile name x offset y offset z offset GPS/NAY  division
infobak.dat
infoedit dat 1 | LINEO.DTH C o 0. | 0. | 2376. r
| info.dat 2 ‘ i | | | | u
- s | | | | | -
_ saveedits | 4] o | | | r
shift x0 | shiftx1 | name + 5 | | | | | [
0 shift y0 | shity1 | name - 6 ‘ c | | | | |—
times x0 times x1 insert 7 | | | | —
times y0 | times y1 delete T ) d
— .gps Navigation Files I I r
- [
GPR-SLICE v7.0 \raw\* igation fil ted | | u
SSgetxy | SSgetts . .gps navigation files create | | -
I SS to utm ' | | |—
__ SStonav_| | | u
| | B
NMEA to utm : : . | | -
NMEA to nav 16 ‘ cC | | | | |—
brwse x0x1y0y1 17 ‘ c | | | | |—
XyZ to nav
GPS getlist 18 | C | | | | r
LLto UTM 19 | C | | | | r
— 2| e ] | | | -
GPS get yaw 21 | C | | | | N
2 | | | | | B
Ang, X, Y, XY to Vector | 23 | | | | | I—
unitfmarker [ 1 24 ‘ C | | | | .
time window ns [ 100 25 ‘ - | | | | I
samples/scan | 250
resampled scans/mark ’—5 next= | <prev | sortr | x0 to x1 | sort x | );» yD sorty | y0 toﬂw
dal odd x1 to yl rev file
resampled resol. ¢~ 8hit® 16 bit " deleven |
Xy ~ recover

Survey type: ani
W

Eastings, Northings, Elev(m), “time”, Scan#, GPSquality,
Nsatellites, HDOP, vector x, vector y, vector z, + 9 reserved
columns

GPR-SLICE reads the GPGGA NMEA string and converts the latitude and
longitude to UTM. The number of GPS listings in the log file that are
converted are store in the 4t column of the information file. In this
example 2376 GPS readings are compiled. (The actual number is 2377
for marker navigation). An example of the *.dt1.gps file which is written
into the \raw\ folder of the project and showing the 20 column navigation
file is given:
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Bl 1ine00.dt1.gps - Notepad - 0| x|
File Edit Format View Help
589322.203196076,4442274.99572258,207.199996948242, "14:13:24.00",1,2,9,1.1,0,0,0,0,0,0,0,0,0,0,0,0 3
589322.243271206,4442275.0384852, 207. 199996948242, "14:13:25. 00",2,2,9,1.1,0,0,0,0,0,0,0,0,0,0,0,0
589322.283346337,4442275. 08124782 207. 199996948242 "14:13:26. 00',4,2,9,l.1,0,0,0,0,0,0,0,0,0,0,0,0
589322.323421467,4442275.12401044,207.199996948242,"14:13:27. 00',5,2,9,1.1,0,0,0,0,0,0,0,0,0,0,0,0
589322 363496598 4442275 .16677306.207.199996948242 . "14:13:28.00".7.2.9.1.1.0.0.0.0.0.0.0.0.0.0.0.0
589322.403571728,4442275.20953569, 207 . 199996948242, "14:13:291.00",8,2,9,1.1,0,0,0,0,0,0,0,0,0,0,0,0 +|
The \ss-gps\ example is a single continue GPR/GPS survey in which only
one radargram was collected over a site at the Indiana Purdue University
Strawtown Archaeological site. The GPS track is shown below:
GPR-SLICE  GPS/Mav/Vector Track Map:  CA\kisatchie\ss-gps - B
-Uﬁsetl_m— del double gps del double times | error | 1 int bad gps filter gps track \ line+ | pt+ | X+ \ Y+ | recover |
-offset| 0 xyz offset | intdouble gps | del double scans del bad gps | inttime gps |Ingth [ 0 werror[ 0 line- | pt- | X- ‘ Y- save |
z—mffset]u_ del double loc del extra gps del bad elev | del -scan# delpt
Npttraj [ 1 info offset | gpsquality 0-fix not valid/off - hdop[ 100 Nsaf 0 decimate [ 0 timelag [0 scanlag [-10 resampleinrange [ 1
total GPS survey length = 2383.2 m # blue dots - inside GPS precision settings
[ track # of GPS outside precision = 0 out of a total of 2377 ® black dots - outside GPS precision settings - not included in time slice analysis
black = ® 1 dots - GPS fallout - time interpolated
[v dots ] ] | |
[v start/stop
Lcmoss 4442360 -
redraw
plot+
plots 4442370 =
4442360 | 1 L
4442350 -
4442340 -
) J(/J
E 4442330 I
4442320 I
store track map 4442310 St
track jpg <
dxf 4442300 I
4442290 — -
4442280 -
4442270 1 T T T T T
589284 589294 589304 5693{::1\ 589324 589334 589344

To continue GPR-SLICE processing with this dataset, one continues to the
Navigation menu, then uses the option GPS Trace # navigation option
(see next screen shot). The GPS Trace # operation, will read the
*.dt1.gps files and extract the 5% column scan # as the location where
navigation markers are located and where navigation exists. After this,
the user continues on to do normal slice/resample operations. An
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example of some 2D time slices for this site is also shown in a screen shot
following.

info.dat Profile Name Markers g:lﬁ[s Errors x offset  yoffset zoffset GPS/NAYV

== + Artifcial Markers |LINEOD.DT |2ar7  |2377 |0 @ o [o. 0. |2376.
G ar =

2. Field Markers
edit |

3. Interval Markers
scans/marker=| g

4. GPS/Nector Trace#

S8 user marks e
S8 Survey Wheel I

marker location | 2

threshold 32
Bl -

= v

next= | <prev |

Mavigation - GPS Trace Numbers  01-20-2014 07:55:22
radargram directory = C-\kisatchie\ss-gpsiradar\

total number of files = 1

LINEQO.DT1 scans=23770 markers= 2377 lastscan tagged= 23761
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_@Time Slices: \kisatchie\ss-gps

Igps1: 0-6ns

4442370 4442370
-
(]

4442320

Igps2; 4-10ns Igps3: 7-14ns

4442270

4442270 4442270 4442270
589284m 589334 589284m 589334 589284m 589334 589284m 589334

Igps5: 14-20ns Igps6: 18-24ns Igps7: 21-28ns Igps8: 25-31ns

4442370

4442320

4442270 4442270 4442270 4442270
589284m 589334 589284m 589334 589284m 589334 589284m 589334

GSSI (SIR 3000) - Time Stamp - Method 2 - GPS Navigation

Purpose: To introduce how GSSI GPR/GPS surveys are integrated into
GPR-SLICE v7.0 software and to show all the steps from using raw GPS
tracks to creating time slice datasets. This method is the recommended
method when time stamps are recorded in the TMF file.

Basic Information: With every GSSI GPR/GPS survey, 2 GPS log files,
a *.plt file and a *.tmf extension is created for every radargram. The
*.tmf file contains timing information when the radargram started and
stopped. GPS log files here are also recorded with time stamps that are
stored in the *.tmf file. The time stamps are read and converted to
corresponding scan numbers. The locations of the time stamped scans
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are then found between two neighboring NMEA strings reading their
times. The time stamped scan’s lat/long/elevation are read and linearly
interpolated between the two bordering NMEA strings. The operation
GSSI Tstamp will do all the UTM conversions, linear interpolations
between bordering NMEA strings and will compile the *.dzt.gps files. An
example of the button operation is shown below:

Edit Information File: C:\kisatchie\gssi-tstamp\info.dat — O
~ profile name ¥ offset v offset z offset GPS/MAV  division
infoaedit.dat
infobak.dat i 1 |FILE 001.DZT  |0. 0. 0. 19. [
i 2 |FILE 002.DZT  |0. 0. 0. 19. [
info.dat 3 [FILE__ 003.DzT e o 0. 0. 18. r
_save edits_| 4 [FILE___ooa DzT e [o 0 0 19, I
shift x0 | shift x1| name + 5 |FILE___ 005.DZT |0 0. 0. 18. [
0 shift yo| shift y1| name - 6 |FILE___ 006.DZT |0 0. 0. 17. -
times x0 | times x1 insert 7 [FLE 007 DZT « [o 0 0. 19, r
ti 0| ti i delet
":;f:t: =y == 8 [FILE__ o008.DzT « [o. 0. 0. 17. r
9 |FILE 009.DZT " |o0. 0. 0. 19. I
5SS get xy GSSI get ts 10 |FILE 010.DZT |0 0. 0. 12. I_
GSSl to utm 11 |FILE 011.DZT  |0. 0. 0. 19 I
GSS| Tstamp 16. r
G55l dzg utm 1 r
GSSIt
0 nav T, r
NMEA to utm GPR-SLICE \raw\*.dzt.gps navigation files created 14, I
NWVIEA to nav 7. -
brwse x0x1yly1 7 r
XYZ to nav
GPS get list I r
LL to UTM 7. r
FILE 0200 U U U 7. I
GPS get yaw | 21 |FILE__ 021.DZT |0 0. 0. 7. -
22 |FILE 022.DZT |0 0. 0. 7. [
Ang, X, Y, XY to Vector 23 |FILE 023.DZT |0 0. 0. . I
unit/marker | 1 24 |FILE___024.DZT |0 0 0. 6. [
time window ns [ 75 25 |FILE__ 025.DZT |0 0. 0. 6. [
samples/scan | 5§12
e 75 | next= | <prev | sort r | x0tox1| sortx | );:,, yu sort y I y0 tt;lﬂ
del odd x1 to y rev file
resampled resol. (= 8 bil{e 16 bit del even
Xy A recover
Survey type: |80 v
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M file 001.dzt.gps - Notepad - |I:I|&

File

Edit Format View Help !

297873.
297873.
297873.
297873.
297873.
297873.
297873.
297873.

FQ7R73

572699162, 5160130.05031185,207.0111,"17:57:51.00",97,
54722653,5160131.5142737,206.9423,"17:57:55.00",193,2
499111586,5160132.96230971,207.1047,"17:57:59.20",289
43263689,5160134. 25188505 ,207.1794,"17:58:01.80",385,2,7,.9,0,0,0,0,0,0,0,0,0,0,
439796491 ,5160135.57693535,207.2083,"17:58:04.80",481,2,7,.9,0,0,0,0,0,0,0,0,0,0
499749902 ,5160136.67469618,207.1911,"17:58:07.80",577,2,7,.9,0,0,0,0,0,0,0,0.,0,0
552601073,5160138.10015992,207.1803, "17:58:11.00",673,2,7,.9,0,0,0,0,0,0,0,0,0,0
ART1RINAARRR S1ANT IO ATRA?73I5 207 274AR "17-58-14 20" 7h0 2 7 annnonnonnonnnnn

An example of the *.dzt.gps file generated is shown above. The key
operation with the GSSI Tstamp button is that the scan numbers
associated with the converted UTM readings is stored in the 5t column of
the navigation files! This provides the best possible navigation and most
accurate navigation when time stamps are recorded.

The GPS track map associated with this dataset is shown in the next

GPR-SLICE  GPS/Nav/Vector Track Map:  D:kisatchie\gssi-tstamp - O
-offset | del double gps | del double times | error | 1 int bad gps filter gps track | line+ | pt+ | X+ ‘ Y+ | recover ‘
-offset | 0 xyz offset | int double gps | del double scans del bad gps ‘ int time gps |Ingth | 3 rerror | { line- | pt- | X- ‘ - save ‘
z-offset | 0 del double loc del extra gps del bad elev ‘ del -scan# delpt
Mpttraj| 1 info offset | gpsquality O-fix not valid/off # hdopl 10 Msat| 3 decimate || 0 time lag | 0 scan lag ‘ 0 resample in range | 1
total GPS survey length = 4794 m # blue dots - inside GPS precision settings
[v track # of GPS outside precision = 0 out of a total of 395 ® black dots - outside GPS precision settings - not included in time slice analysis
black ® 124 dots - GPS fallout - time interpolated
[v dots | |
[v start/stop
[ cross
redraw
plot+ 5160150. ~
plot-
5160145, I~
. 5160140, l I~
5160135. -
store track map
track.jpg
dxf
5160130. -
5160125 T T
297864 297869. 297874.
x (m)
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It is critical with the GSSI Tstamp that navigation option #4:
GPS/Vector Trace # is used.

lmft:t.clat— Profile Name Markers E:J::m Errors x offset  y offset  z offset  GPS/MAV
o FILE___ 026 DZT 6 6 0 0 0 0 5
gl MI FILE__ 027071 3 3 0 0 0 0 5
FILE___ 028.DZT 7 7 0 0. 0. 0 6.
FILE__ 029.DZT 7 i 0 0. 0 0. 6.
2 Fiald Markers FILE___ 030.DZT T T 0 0 0. 0. 6.
FILE___ 031.DZT T T 0 0. 0. 0. 6.
edit FILE 032 DZT 7 T 0 0 0 0 6.

3. Interval Markers
scans/marker=|

4. GPS/NVector Trace#

GSSI| user marks

533l survey wheel
GSSI SIR 3000
GSSI SIR 30005W

S T

marker location | 2

threshold 104

Bl -
< v

i T B B i B i T T e T T A e e e A O A0 T T T TG T

next> | <prev |

Mavigation - GPS Trace Numbers  01-20-2014  08:04:45 S
radargram directory = C:\kisatchie\gssi-tstamplradar.

total number of files = 32

FILE___ 001.DZT scans=1832 markers= 20 lastscan tagged= 1825

FILE___ 002.DZT scans=1844 markers= 20 lastscan tagged= 1825

FILE 003.DZT scans=1768 markers= 19 lastscan tagged= 1729 v
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MALA Geoscience GPS Navigation

Purpose: To introduce how MALA Geoscience GPR/GPS surveys are
integrated into GPR-SLICE v7.0 software and to show the essential steps
from using raw GPS tracks to creating time slice datasets. Also to show
the options for doing basic filtering of GPS tracks.

Basic Information: With every MALA GPR/GPS survey, a *.cor GPS log
files is created for every radargram. An example of a *.cor file which
resides in the \raw\ folder is shown:

BIDAT_1014 - Notepad —— Oix

File Edit Format View Help

1 2007-09-25 15:00:05 42.319710 N 71.059685 w 5.74 M 1.2 -
7 2007-09-25 15:00:06 42.319710 N 71.059685 ) 5.73 M 1.2
12 2007-09-25 15:00:07 42.319710 N 71.059685 W 5.87 M 1.2
18 2007-09-25 15:00:08 42.319710 N 71.059685 w 5.86 M 1.2
24 2007-09-25 15:00:09 42.319710 N 71.059685 ) 5.61 M 1.2
32 2007-09-25 15:00:10 42.319710 N 71.059692 W 5.58 M 1.2
39 2007-09-25 15:00:11 42.319702 N 71.059700 w 5.67 M 1.2
44 2007-09-25 15:00:12 47319702 N 71.089700 w 5.9 M 1.2

The *.cor file contains the scan # in the first column along with the date,
time, latitude, longitude, elevation and other information. Clicking the
Mala to UTM button in the Edit Info File menu will generate a *.rd3.gps
files containing the converted 20 column standard format file with UTM
used for GPR-SLICE processing:

O Edit Information File:  \kisatch - |I:I|&

profile name x offset y offset z offset GPS/NAV  division
info1.dat
infobak. dat dat_1013.rd3 . . X 80.

1 C |0 0 0 I

2 |dat_1014.rd3 [ ) 0. 0. 68. [

| info dat 3 [det_1015rd3 c o 0. 0. 67, i
save edits | 4 [dat_1016.103 -~ [o 0. 0. 37, r
et el e 5 [dat_1017.ra3 c [o 0. 0. 38, I

ID— shift y0 | shifty1 | name - 6 |dat_1018.rd3 C |0 0. 0. 42. I
timesx0 | times x1 insert 7 |dat_1019.rd3 C |o 0. 0. 7. r
timesy0 | times y1 delete 8 |dat_1020.rd3 C |0 0. 0. 39. I
9 |dat_1021.rd3 [ ) 0. 0. 40. I

MALA get xy MALA get ts | 10 | dat_1022.rd3 |0 0. 0. 40. [
MALA to nav 0. 0. 38. [
Malaz to utm  [o. 0. 34. r
- GPR-SLICE v7.0 \raw\*.gps navigation files created — o 0. 0, -
NMEA to utm  [o. 0. 50. r
UTM get xy oK o 0. 46. -
Ozzie to utm o 0. 73. [
GPS get list 18 | dat_1035.rd3 |0 0. 0. 60. [

19 | dat_1036.rd3 |0 0. 0. 59. [

20 |dat_1037.rd3 |0 0. 0. 66. [

21 |dat_1038.rd3 |0 0. 0. 60. [
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An example of a *.rd3.gps file generated for GPS processing in GPR-
SLICE is shown:

a.dat_1014.rd3.gp5—N0tepd N N N I

File Edit Format View Help

330274.
330274.
330274.
330274.
330274.
330274.

821199574,4687328.
821199574 ,4687328.
821199574 ,4687328.
821199574,4687328.
821199574 ,4687328.
244351702,4687328.

59830645,5.
59830645,5.
59830645,5.
59830645,5.
59830645,5.
61227386,5.

73999977111816,"15:00:05",1,4,10,1.20000004768372,
73000001907349,"15:00:06",7,4,10,1.20000004768372,
86999988555908,"15:00:07",12,4,10,1.20000004768372
8600001335144,"15:00:08",18,4,10,1.20000004768372,
6100001335144, "15:00:09",24,4,10,1.20000004768372,
57999992370605,"15:00:10",32,4,10,1.20000004768372

The corresponding GPS track map for this dataset is:

GPR-SLICE  GPS/Nav/Vector Track Map: ~ C:\kisatchie\mala-gps
-offset ” del double gps | del double times | eror | 00005 int bad gps filter gps track | line+ | pt+ | X+ ‘ Y+ | recover |
-offset | ) xyz offset | int double gps | del double scans del bad gps | inttime gps |Ingth | § rferror | 2 line- | pt- | He ‘ Y- save |

z-offset | 0 del double loc del extra gps del bad elev | del -scan# delpt

MNpt-traj [ 1 info offset | gpsquality 0-fix not valid/off % hdop| 100 Nsat| o decimate | 0 time lag | 0 scan lag | 0 resample in range ‘ 1

total GPS survey length = 2269. m #® blue dots - inside GPS precision settings

[+ track # of GPS outside precision = 0 out of a total of 1677 ® black dots - outside GPS precision settings - not included in time slice analysis

black ® o4 dots - GPS fallout - time interpolated

[v dots

[v start/stop

[ lcross 4687350 -

redraw
plot+
ot 4687345 | ~
4687340 ~
4687335 ~
4687330 ~
4687325 ~
4687320 ~
store track map 4687315 B
track.jpg
i 4687310 ~
4687305 T T T T T T T T T T T
330216m330220 330225 330230 330235 330240 330245 330250 330255 330260 330265 330270 330275

This GPS track map shows some error in ground locations, and this was
a result of the accuracy of the number of latitude and longitude decimals
outputted in the raw GPS log *.cor file for this over-the-counter grade
unit. (Much higher quality GPS equipment should normally be
configured with the GPR system to get the most accuracy in subsurface

GPS

imaging - preferably RTK GPS).

This track can be filtered by choosing

an appropriate error to Del Bad Points as shown in the next screen shot.

122



123

Reducing the acceptable error below this will begin to remove some good
points. Where to stop the error process may be left up to the user to
determine the acceptable track errors for imaging. After bad points are
removed, one can continue to do navigation and the slice/resample
operations normally. The track can also be smoothed using the Filter GPS
Track operation. This has a length setting which is the number of GPS
points to have a running average; if the error is above the set r/error
then the moving average will replace the local GPS point. The following
figure has both wayward points and filtering applied:

GPR-SLICE  GPS/Nav/Vector Track Map:  C:\kisatchie\mala-gps
-offset | 0 del double gps | del double times |err0r | _0oo0s int bad gps filter gps track line+ ‘ pt+ ‘ X+ | Y+ | recover |
-offset | 0 xyz offset | int double gps del double scans || del bad gps int time gps flingth | & rferror | 2 line- ‘ pt- ‘ X- | Y- save |
z-offset | del double loc del extra gps del bad elev del -scan# delpt
Mpttraj| 1 info offset gpsquality  0-fix not valid/off * hdop| 100 Msat| g decimate | 0 time lag ‘ 0 scan lag | 0 resample in range "17
total GPS survey length = 1130.7 m # blue dots - inside GPS precision settings
v track # of GPS outside precision = 0 out of a total of 1532 ® black dots - outside GPS precision settings - not included in time slice analysis
black ® .4 dots - GPS fallout - time interpolated
v dots 1 1 ! ! 1 !
[v start/stop
[ cross 4687350 —
redraw
plot+
plot- 4587345 —

4687340
4687335
4687330
4687325

4687320

store track map 4687315
track jpg

dxf

4687310

4687305

T T T T T T
330241m330246 330251 330256 330261 330266 330271

A complete description of GPS track filtering options is given in the next
section.

Because MALA GPR/GPS *.rd3.gps files have the scan number in the 5t

column, the GPS Trace # navigation option should be used to continue
the slicing process:
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info.dat

-adart

MALA user marks '
MALA survey wheel @

marker location 2

threshold 232

Bl -
b W

Markers

Profile Name Markers o ng Errors x offset  yoffset z offset GPS/NAV
DAT_1044 rd3 40 40 0 0. 0. 0. 39.
Ml DAT_1045.rd3 46 46 0 0. 0. 0. 45.
DAT_1046.rd3 ki kx| 0 0. 0. 0. 30.
DAT_1047 rd3 34 34 0 0. 0. 0. 33.
2 Field Markers | DAT_1048 rd3 35 35 0 0. 0. 0. 34
DAT_1049.rd3 33 s 0 0. 0. 0. 32.
edit DAT_1050.rd3 35 S 0 0. 0. 0. 34
DAT_1051.rd3 39 39 0 0. 0. 0. 38.
Py r— | DAT_1052.rd3 40 40 0 0. 0. 0. 39
DAT_1053.rd3 36 36 0 0. 0. 0. 35.
DAT_1054.rd3 39 2H) 0 0. 0. 0. 38.

scan s.fmarker=| 0

4. GPSNector Trace#

next> | <prev |

total number of files = 36

MNavigation - GPS Trace Mumbers
radargram directory = C:\kisatchie\mala-gps\radar\

01-30-2014

DAT_1014.rd3 scans=411 markers= 64 lastscan tagged= 411
DAT_1015.rd3 scans=421 markers= 68 lastscan tagged= 416
DAT_1016.rd3 scans=231 markers= 38 lastscan tagged= 226 ~

11:02:34

e e N T e e e B Tie e T T B0 i B T T B G T e R T

Example of MALA GPR/GPS 2D time slices are given in
image using the filter GPS track:

the following

330241m

Mala GP'S example

Igps1: 0-5ns
4687345 — —
4687325 .y —
4687305 — —

330261

lgps2: 12-17n Sl

4687345 —

4687325 —

4687305
330241m

I
330261

4687345

4687325

4687305

lgps3: 24-29n Sl

330241m

| W

I
330261
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IDS GPS Navigation

Purpose: To introduce how IDS GPR/GPS surveys are integrated into
GPR-SLICE v7.0 software.

Basic Information: With every IDS GPR/GPS survey a *.gps log file
should exist for every radargram. An example of an ID raw gps log file is
shown below:

= LZZ10046.GPS - Notepad = -

File Edit Format View Help

$GPGGA,114545.00,5209,76053118,N,00816.65447586,W,4,7,
$GPGGA,114546.00,5209, 76060350, N,00816.65446613,W,4,7,
$GPGGA,114547.00,5209,76077478,N,00816.65450641,W,4,7,
$GPGGA,114548,00,5209,76129846,N,00816.65439367,W,4,7,
$GPGGA,114549.00,5209.76180988,N,00816.65435363,W,4,7,
$GPGGA,114550.00,5209.76222444 ,N,00816.65439683,W,4,7,

.3,508.505,M,57.833,M,1.0,0023*5E A
.3,508.567,M,57.833,M,1.0,0023%59
.3,50,589,M,57.833,M,1.0,0023*%53
.3,50.621,M,57.833,M,1.0,0023*58
.3,58.575,M,57.833,M,1.0,0023*%53

1
1
1
1
1
1.3,56.592,M,57.833,M,1.0,0023*53

The log file is a standard NMEA string without any scan number
information written into the file. IDS currently places navigation tags on
the 2" sample in the raw radargrams. To assign the GPS to their
associated NMEA string the button IDS SScanStamp is available in the
Edit Info File menu as seen in the next Figure. The IDS ScanStamp
button will search out the 2" sample to find the tagged scans and then it
will write this into the 5% column of the *.dtl.gps files that GPR-SLICE
makes (see screen shot next page).

Note: If the total number of listings in the GPS files does NOT agree with
the number of tagged scans in the radargram, a message warning will
come to the screen to inform the user that there are missing or too many
tags in the radargram etc.

Note: The user should use the GPS/Vector Trace # navigation option in

the Navigation Menu since the IDS GPS solution has unique scan numbers
assigned to the recorded GPS.
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Edit Information File: \Sophie GPS test\info.dat - B
profile name x offset y offset z offset GPS/NAV  division
infobak_ dat
1 | LZZ10001.dt |0 0. 0. 28. [
2 | LZZ10002.dt |0 0. 0. 30. ~
| info_dat
3 | LZZ10003 dt |0 0 0 31 (I
save edits 4 [LZZ10004.dt  [o. 0. 0. . r
shift x0 | shiftx1 | name + 5 | LZZ10005.dt |0 0. 0. 37. [
[-1 shift y0 | shifty1 | name - 6 | LZZ10006.dt |0 0. 0. 31. -
Simesx0) || fimesxd || mnsed 7 [Zz10007 ot - [o 0 0. 3t -
t'?;f;'t:g times y1_|_delete s [Lzz10008 at c [o 0. 0. 0. ~
9 | LZZ10009 dt |0 0 0 32 (I
10 |LZZ10010.dt |0 0. 0. 34. -
11 | LZZ10011.dt |0 0. 0. 34 [
12 | LZZ10012.dt ¢ |0 0. 0. 37 -
IDS get xy IDS getts | 13 | LZZ10013.dt |0 0. 0. 20. -
14 | LZZ10014.dt |0 0. 0. 24. ~
NMEA to utm 22. -
NMEAto nav 35. -
brwse x0x1y0y1 § IDS Sstamp utm 29 r
XyZ to nav IDS Sstamp nav GPR-SLICE v7.0 \raw\*.gps navigation files created from scan stamped IDS 24 -
GPS get list IDS Tstamp utm [ada[g[ams -
LLtoUTM | IDS Tstamp nav 32. r
IDS NMEA utm 34 [
GPS get yaw IDS NMEA nav 32 (I
26. r
Ang, X, Y, XY to Vector | : 21. Il
A — 24 [LZZ10024.dt - o 0. 0. 19. ~
time window ns [ 128 25 | LZZ10025.dt |0 0. 0. 17. -
samples/scan [ 512 > | < | | x0to x1 —— | 1
resampled scansimark [ 25 next prev | sortr to x sort x ); t Vi sorty y0 tor?r
= _x1toy0 | _revfile |
resampled resol. ¢ 8 bit® 16 bit del even
Xy ~ recover
Survey type: |80 v

File Edit Format View Help

|- 19304548.3603477,18094560.8990654,50.505,"11:45:45.00",1,4,7,1.3,0,0,0,0,0,0,0,0,0,0,0,0
-19304548.3544171, 18094556, 57749083,50.567, "11:45:46.608",7,4,7,1.3,0,0,0,0,0,0,0,0,0,0,0,0

-19304547.5086189,18094548,3091159,50,589,"11:45:47.00",14,4,7,1.3,0,0,0,0,0,0,0,0,0,0,0,0
-19304548.0210522,18094522.,760809,50,621,"11:45:48.00",31,4,7,1.3,0,0,0,0,0,0,0,0,0,0,0,0
-19304547.6012445,18094497 ,8992912,50,575,"11:45:49,008",48,4,7,1.3,0,0,0,0,0,0,0,0,0,0,0,0
-19304546.2672021,18094477.8161364,50,592,"11:45:50.00",65,4,7,1.3,0,0,0,0,0,0,0,0,0,0,0,0

v
< >
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US Radar GPS Navigation

Purpose: To introduce how US Radar GPR/GPS surveys are integrated
into GPR-SLICE v7.0 software.

Basic Information: With every US Radar GPR/GPS survey, a *.gps log
files is created for every radargram. An example of a US Radar raw gps
log file is shown below

M SURVEY_0032.gps - Notepad - |I:I|£

File Edit Format View Help

00000,00001,40.41291,-74.26383,40.2,0.9 .
00001,00037,40.41291,-74.26383,40,0.9 —
00002 ,00089,40.41291,-74.26383,39.8,0.9
00003,00137,40.4129116666667 ,-74.2638316666667 ,39.5
00004 ,00187 ,40.4129116666667 ,-74.2638316666667,39. 4
00005,00234,40.4129116666667 , -74.2638316666667 , 39. 2
0
7

00006,00290,40.4129116666667 ,-74.2638316666667,39,
00007 ,00333,40.4129133333333,-74.2638316666667, 38.
00008,00383,40.4129166666667 ,-74.26383,38.9,0.9
00009,00433,40.41292,-74.26383,39,0.9
00010,00483,40.4129216666667,-74.2638283333333,39.1,0.9

|;|
—— | = g

The log files have the reading #, the scan #, and the latitude and
longitude, the elevation, and the HDOP listed. These data are converted
to GPR-SLICE format using the US Radar to UTM button in the Edit Info
File menu (shown in diagram on the next page). This button will do the
UTM conversion for the latitude and longitude as well as place the scan #
in this log file into the 5% column of the *.rad.gps files generated by GPR-
SLICE. Because the 5% column has the scan # associated with the GPS
reading, the user should use the GPS Vector/Trace# navigation option in
the Navigation pulldown menu. (An example of a GPS track from this
equipment is also shown in a following diagram on the next page).

Note: This manufacturer is still in the development of GPS integration and
their log file may have changed at the time of this manual update.
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< Edit Information File: \US Radar-GPS\info.dat - |I:I |ﬁ
F_ profile name x offset y offset z offset GPS/NAV division
infobak_dat
1 [SURVEY 0032.RAD c [o. 0. 0. 180. -
2 C |—
I info.dat 3 - r
_saveets | 4 C n
shift x0 | shiftx1 | name + 5 C r
[0 shift yO | shifty1 | name - B C r
timesx0 | timesx1 | insert 7 C r
timesy0 | timesy! | delete 8 - | r
: XE— ¢
10 -
g GPR-SLICE v7.0 \raw\*.rad.gps navigation files created - u
US Radar xy US Radar ts 12 [
US Radar utm 13 B I
' wl oK | B
NMEA to utm s B I
UTM get xy 16 C Il
Ozzie to utm 17 C [
GPS get list 18 C r
19 C [
20 I —

© GPR-SLICE  GPS/Nav/Vector Track Map:  US Radar-GPS

x-offset| ( offset del double gps | del double imes | error  del bad gps int bad gps filter gps track line+ | pt+ | X+ | Y+ recover
yoffset[ 9 Y int double gps | del double scans| .1 del bad elev inttime gps | Ingth | 3 rlerror| 1 line- | pt- | X- | Y- save
store track map | track jpg plot+ lot- gpsquality == 0-fix not valid/off =

redraw hdop <:| 100 nsat >:| 10 decimate | 0 time lag | 0
[+ line total GPS survey length = 27.4 m ® blue dots - inside GPS precision settings
[ dots # hlack dots - outside GPS precision settings - not included in time slice analysis
¥ start/stop 562458 562460
W s 4473857 : ' 4473857

4473855 4473855

4473853 4473853

4473851 4473851

4473849 4473849

4473847 T T 4473847

562458m 562460
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3D Radar GPS Navigation

Purpose: To introduce how 3D Radar GPR/GPS surveys are integrated
into GPR-SLICE v7.0 software.

Basic Information: With every 3D Radar GPR/GPS survey, a
positions.txt log files is created for every main track radargram. There is
a button called 3D Radar UTM in the Edit Info File menu. Clicking this
button will generate the *.vol.gps files for GPR-SLICE processing with all
the UTM conversions, etc. (The details for this multichannel
manufacturer are aloso available in an addendum manual for
multichannel licenses).

B 2010-06-25-001-Region1-GPS-postitions.txt - Notepad - |I:I|&

File Edit Format View Help

$GPGGA,235401.00,4114.57940883,N,00159.16018686,w,4,09,1.0,829.832,M,51.742,M,1.0,0167%55 3
$GPGGA 235402.00.4114.57940903 .N,00159.16018551.W.4,09.1.0,829.833.M.51.742.M.1.0,0167%57
$GPGGA,235403.00,4114.57940947 ,N,00159.16018731,w,4,09,1.0,829.833,M,51.742,M,1.0,0167%*52
$GPGGA 235404.00,4114.57941262 .N,00159.16018868.W.4,09.1.0,829.827.M.51.742.M.1.0,0167*5E
$GPGGA,235405.00,4114.57941294 ,N,00159.16019650,w,4,09,1.0,829.827,M,51.742,M,2.0,0167*51
$GPGGA , 235406.00,4114.57940389 .N,00159.16020744.W.4.09.1.0,829.823.M.51.742.M.2.0,0167%54
$GPGGA,235407.00,4114.57939445,N,00159.16024085,w,4,09,1.0,829.824,M,51.742,M,2.0,0167*55
CrpoeA 228 A08 00 A11 4 S7027e00 M O01E80 1a0228 00 A 00 1 0 9720 97 MG A2 w2 0 016740
@ Edit Information File:  \Begona\infomai - |I:I |&
infobak.dat profile name x offset y offset zoffset  GPS/NAV  division
infochannels.dat
1 | 2010-06-25-001-Region1-00u.vol |0 0. 0. 0. I
— 2 c C
I informain dat 3 - r
_saveedis | 4 C r
shift x0 | shift x1 | name + 5 C I
E
I 1128 shift y0 | shifty1 | name - 6 C I
times x0 | times x1 insert T C I
times y0 times y1 delete 8 [ [ r I
9|30 Radar GPS Navigation & -
10 I
1 GPR-SLICE v7.0 \raw\*.gps navigation files created [
12 I
3D Radar xy 3D Radar ts 13 I
14 r
NMEA to utm Array to nav 15 T [
UTM get xy 3DRadar utm 16 C Il
Ozzie to utm 17 (" [
GP'S get list 18 (‘ I
19 C I
A —~ —
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UTSI Electronics

Purpose: To introduce how UTSI Electronics equipment has GPR/GPS
surveys integrated into GPR-SLICE v7.0 software.

Basic Information: UTSI Electronic GPR/GPS surveys creates a *.gpt
log and a *.gps log file for every radargram. The *.gpt file contains the
scan number where NMEA strings are recorded and correspond to the
*.gps file that is recorded. There is a button called UTSI to UTM in the
Edit Info File menu, clicking this button will generate the *.dat.gps where
the UTM conversion are done, and the scan#’s from the *.gpt files are
written to the 5t column of the navigation files. Users of this equipment
will use the GPS Vector/Trace # option in the Navigation menu to assign
the NMEA information to it appropriate scan number.

© Edit Information File:  \Erica_test\info. - |I:| |ﬁ
Fﬁ_ profile name x offset y offset z offset GPS/NAV  division
infobak dat

1 | A2.DAT |0 0. 0. 710. [
2 C [
| info.dat 3 - r
save edits | 4 - 'l
shift x0 | shiftx1 | name + 3 C r
ID— shift y0 | shiftyl | name - 6 C | I
times x0 times x1 insert 7 & L r
times y0 times y1 delete 8 L I
9 I
10 ——— GPR-SLICE v7.0 \raw\*.gps navigation files created — -
1 B r
UTS get xy UTSI get ts 12 s _ i
|_uTsito um 13 [ I
14 C [
NMEA to utm | 15 C [
VITRA et e i ~ —

o

File Edit Format View Help

[0 1
B M A2.GPS - N
2 i - Notepad _ Ol X
4 . . .
6 File Edit Format View Help
22 |r$GPGGA,102512.00,5501.19030595,N,00248.18136398,w,4,7,1.7,112.728,M,49.107,M,1.0,0029*60 i’
14 $GPGGA,102531.00,5501.19030815,N,00248.18136076,W,4,7,1.6,112.746,M,49.107 ,M,1.0,0029%63
i $GPGGA,102532.00,5501.19032959,N,00248.18116820,W,4,7,1.6,112.753,M,49.107,M,1.0,0029%66
$GPGGA,102533.00,5501.19037064,N,00248.18074913,W,4,7,1.6,112.738,M,49.107 ,M,1.0,0029%6C
K| $GPGGA,102534.00,5501.19042709,N,00248.18025485,W,4,7,1.6,112.727,M,49.107 ,M,1.0,0029%6D
$GPGGA,102535.00,5501.19048351,N,00248.17970588,W,4,7,1.6,112.678,M,49.107 ,M,1.0,0029%6E
$GPGGA,102536.00,5501.19053933,N,00248.17922102,W,4,7,1.6,112.682,M,49.107 ,M,1.0,0029%6D
$GPGGA,102537.00,5501.19057440,N,00248.17875352,W,4,7,1.6,112.672,M,49.107 ,M,1.0,0029%6A
$GPGGA,102538.00,5501.19059292 N, 00248.17827186,W,4,7,1.6,112.651,M,49.107 ,M,1.0,0029%6F _j:J
< | 4
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Radarteam

Purpose: To introduce how Radarteam GPR/GPS surveys is integrated
into GPR-SLICE v7.0 software.

Basic Information: Radarteam has a *.txt files containing navigation
information that is associated with each radargram. An example is shown
below:

B DITR_0001.txt - Notepad - B —
File Edit Format View Help

Coordinate Units:UTM ~
Trace UTM Easting, m UTM Northing, m UTM Zone Altitude, m

%] 412392.524 5062711.655 33T 352.77

1 412392.432 5062711.823 33T 352.46

2 412392.1880 5062711.861 33T 351.67

3 412392.842 5062711.923 33T 351.41

4 412391.986 5062711.944 33T 351.24 o

The *.txt navigation files do not have all the basic information contained
in the raw NMEA string. Things such as the HDOP, number of satellites,
gps quality are missing. To create the *.sgy.gps files associated with
each radargram the button XYZ to Nav button is clicked on. A dialog will
pop up and ask if this is a standard XYZ navigation file which the user will
answer with "NO”. This will launch a customized read/import menu (see
screen shot next page). The user will need to set the number of lines to
skip in the header of the file as well as the columns for the X, Y, Z
information and the file extension for the navigation - *.txt.

Note: Because the Radarteam is missing HDOP, number of satellites and
the GPS quality, artificial values need to be inserted for these into the
GPS Track menu (see screen shot) such that all the points appear as blue
dots - and are not discarded when navigation precision is implemented in
the time slice menus.
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Edit Information File: \geko_sgy\info.dat - B
profile name x offset y offset z offset GPS/MNAY  division
infobak.dat
1 |DITR_0001.8GY o 0. 0. 303. r
: 2 [DITR 0002.8GY o 0. 0. 299, r
linfo.dat 3 [DITR _0003.5GY c [o. 0. 0. 320. r
save edits | 4 |DITR 0004.8GY o 0. 0. 328. r
shift %0 | shift x1| name + 5 | DITR_0D005.5GY |0 0. 0. 309. [
0 shift y0 | shift y1| name - 6 |DITR_0006 SGY |0 0. 0. 300. -
times x0 | times x1 insert 0. 0. 283 r
times y0 | times y1 delete 0 0 31 r
rotate
0. 0. 193. [
0. 0. 133 [
. L ]
Standard xy,z format *xyz navigation files 0. 0. el r
0. 0. 130. |_
0. 0. 140. [
Yes No 0. 0. 131 r
NMEAto utm | SEGY getts 0. 0. 127. [
NMEA to nav SEGY to nav 16 |DITR_0016.SGY ¢ |o. 0. 0. 138. ~
brwse x0x1yly1 | SEGY to nav2 T r
d (" big endian 128 |_
mﬁ little endian
LL to UTM skip N header lines E Generate GPS 130. -
% column location 2 131. [
GPS get yaw | y column location 3 133, r
z column location . [ T I—
scan# column location 1 —
Ang, X, Y, XY to Vector gps/nav file extension Jxt e =
unit/marker | 4 9. r
time window ns | 1603. |_

-offset | ( del double gps del double times | error | 1 int bad gps filter gps track line+ | pt+ | X+ | ¥+ recover
—oﬁSetIO— xyz offset | int double gps | del double scans | del bad gps I int time gps  |Ingth | 3 rerror | 1 line- I pt- I X- | Y- save
-offset | 0 del double loc del extra gps del bad elev del -scan# decimate I[]_ delpt:
Npt-traj [ 1 info offset Squality 0-x notvandion = hdop| 10 Nsall 3] del outside precision | timelag | 0 scanlag [0 resample in rang:
total GPS survey length = 1581.8 m # blue dots - inside GPS precision settings
v track # of GPS outside precision = 0 out of a total of 4499 ® black dots - outside GPS precision settings - not included in time slice analysis
black ® (o4 dots - GPS fallout - time interpolated
v dots
v start/stop
Cross 5062704
redraw
plot+
lot-

5062679
5062654
5062629

5062604

store track map
— 5062579 =
=1p9 412364 12389 412414
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GeoScanners

Purpose: To introduce how GeoScanners of Sweden GPR/GPS surveys is
integrated into GPR-SLICE v7.0 software.

Basic Information: GeoScanners has scan trace headers where
information describing the location of the scan on the ground is stored for
each individual scan. There is a button called GSF to UTM in the Edit Info
File menu, clicking this button will generate the *.gsf.gps where the direct
translation to UTM is done. The corresponding scan#’ are written to the
5th column of the navigation files. Users of this equipment will use the
GPS Vector/Trace # option in the Navigation menu to assign the NMEA
information to it appropriate scan number.

© Edit Information File:  \gsf\info.d _ ol x|
profile name x offset y offset z offset GPS/MAY  division
infobak.dat
1 |file.gsf |0 0. 0. 88.
: 2 l.""
Ilnfu_dat 3 -
save edits | 4 ('
shift x0 | shift x1| name + Na

E | Geoscanners GSF - GPS X—
shift y0 | shift y1| name -

times x0 | times x1 insert

times y0 | times y1 delete gsf.gps files generated

rotate

1

- oK | —

L S S e e e B

GSF get xy GSF get ts 1.

I GSF to utm 13 O

14 O

MMEA to utm 15 .

brwse x0x1y0y1 16 O

Ozzie to utm 17 O

GPS get list 18 a

LL to UTM 19 O

GPS get yaw | 20 .

21 .

22 O

Ang, X, Y. XY to Vector 23 -

unit/marker | 1 24 C

time window ns ? 25 .
samples/scan [ 440 next: | <prev | sortr | %0 to x1 | sort x | X3>y sort y | y0 to y1
resampled scans/mark | 32 del odd x1 to y0 rev file

resampled resol. (~ 8 bii¢e 16 bit

Xy Fs
Survey type: (2N

del even

recover

-
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Zond, SEGY/2

Purpose: To introduce how Zond of Lativia GPR/GPS surveys are
integrated into GPR-SLICE v7.0 software.

Basic Information: Zond (or SEGY/2) has scan trace headers where
information describing the location of the scan on the ground is stored for
each individual scan. There is a button called GSF to UTM in the Edit Info
File menu, clicking this button will generate the *.sgy.gps where the
direct translation to UTM is done. The corresponding scan#’ are written
to the 5% column of the navigation files. Users of this equipment will use
the GPS Vector/Trace # option in the Navigation menu to assign the
NMEA information to it appropriate scan number.

& Edit Information File: \erinc2 _|o| x|

profile name x offset y offset z offset GPS/MNAV  division
infobak.dat
1 | 1.5gy |0 0 0. 121 [
2 | 10.sgy o 0 0. 119. [
|info.dat 3 [2.sqy c [o 0. 0. 109. r
save edits | 4 |3.sgy |0 0 0. 109. I
o shift x0 | shift x1| name + & |4.sgy f" 0 0 0. 99. I~
0 = n ~ - war —
shift w0 | shit y1| name - g .
: . : © GPR-SLICE  GPS/ Nav/Vector Track Map:  erinc
times x0 | times x1 insert
- - x—oﬁset| 0 del double gps | del double times error  del bad gps int bad gps filter
times y0 | times v delete Y—OﬁSEtl 0 xyoffset| int double gps del double scans | 1 del bad elev int time gps Ingth 5
rotate Mpt-traj |1_ del double loc del extra gps  |gpsquality >= 0-fix not valid/off
store track map || track.jpg hdop <=[ 100 n sat >=[ 0 decimate [0
total GPS survey length = 122.5 m ® blue dots - inside GPS precisi
I Zond get nav l Zond get ts | [ track ® plack dots - outside GPS prac
|b|U9 v| ® o4 dots - GPS fallout - time it
[~ dots
v Zond Header Navig X|

brwvse x0x

Ozzietc  Zond *.sgy.gps files generated
GPS ge 4530573 B

Ang, X, Y, XY to Vector |

LI

unit/marker | 4
time window ns | {34

samples/scan | 512 4530563 T
resampled scans/mark | 2 681265 681275

x(m)
resampled resol. (™~ § bii(e 16 bit

Xy s
Survey type: (2N

-
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GPS Track Map Filtering

GPR-SLICE  GPS/Nav/Vector Track Map:  c:\kisatchie\ss-gps
x-offset | o del double gps del double times | error | 1 int bad gps filter gps track | line+ | pt+ ‘ K+ | Y+ | recover
y-offset | 0 xyz offset | int double gps | del double scans | del bad gps int time gps  |Ingth | 0 rerror | >»[ 15> 3 >3] 25> 2 save
z-offset | 0 del double loc del extra gps del bad elev del -scan# decimate || 0 line- | pt- ‘ X- | Y- |delpt
Mpttraj | 1 info offset | gpsquality 0-fix not valid/off & hdop/10  Msat| g del outside precision | time lag || 0 scan lag | 0 resample in range | 1
total GPS survey length = 2383.2 m ® blue dots - inside GPS precision settings
[v track # of GPS outside precision = 16 out of a total of 2377 @ magenta dots - outside GPS precision settings - not included in time slice analysis
back [ 589284 589304 589324 589344
v dots | . . .
[v start/stop
[ cross
redraw |
plot+ i ’ i
plot- 4442370 — : ; 4442370
4442350 4442350
E 4442330 4442330
= 3 11§
.l v '
- 4
At “
4442310 -| R AL i 4442310
names on/off e *w &~
e 3
store track map . ‘\_.u b"""" ‘ ;
track jpg o oo} ﬁm‘
: 4442290 |' W 4442290
4442270 . T T T 4442270
589264 589304 589324 589344
x(m)

Various problems with typical GPR/GPS data collection can occur
which can affect the quality of subsurface imaging made with this
automated navigation. In the course of collecting GPS data, there can
be data fallouts or multi-pathing which can cause GPS points to become
erratic.c. Some GPS navigation systems may not be updating quick
enough and duplicate GPS points can sometimes infiltrate GPS navigation.

When there is fallout between GPS points, it will be necessary in some
situations to be able to estimate GPS navigation between these data
areas. Also, erratic GPS points need to be filtered or removed from the
GPS files. Various filtering options of GPS navigation files is currently
available in the GPS Plot menu to correct some of these problems. The
main options are:
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Delete Double GPS
Delete Double Loc
Delete Double Times
Delete Double Scans
Delete Extra GPS
Delete Bad GPS
Delete Bad Elevation
Delete —scan#

Interpolate Double GPS
e Interpolate Bad GPS
e Interpolate Time GPS

1) Delete Double GPS: This option when clicked in the Edit Info File
Menu will delete all consecutive GPS points which are duplicated in the
*.*.gps files. The reason for doing this is that often many GPR/GPS data
collections are not able to provide quick enough unique GPS reading
associated with the radar data. Often the GPS logger will insert the
identical GPS reading between several adjacent readings. In one
instance, a recent user of the software was able to extract GPS readings
for every individual record radar scan. In this particular dataset, the GPS
readings would not change for upwards of 20-30 scans. In order to
provide better dead reckoning navigation between unique GPS readings,
it is best remove duplicate GPS readings and allow the software to
interpolate time slice data between points where unique GPS readings are
available.

2) Delete Double Loc: Operation to remove GPS points that have exactly
same GPS locations of eastings and northings on consecutive GPS points

3) Delete Double Times: Filtering operation to remove GPS points where
the GPS time is duplicated usually in consecutive points in the navigation
log file’

4) Delete Double GPS (Scan #'s) - Critical Option for GPS Fallout:
Normal operations of the GPS with this equipment will have a log file of
the Trace # followed by 1 line of the $GPGGA. There can be other NMEA
strings, but usually only one $GPGGA line will follow the Trace #.
However, in the instance with poor GPS and significant fallout, multiple
$GPGGA lines can be written to the log file. It is critical that these points
be removed from the converted *.*.gps navigation files generated in
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GPR-SLICE. A warning that GPS readings with duplicated scan numbers
will be launched in the Edit Info File menu when GPS log files from the
manufacturers are converted to GPR-SLICE log files.

5) Delete Extra GPS: An operation to remove GPS readings in the log file
with scan numbers listed that go beyond the number of scans in the
recorded radargrams.

6) Delete Bad GPS: In this option all GPS points in the *.*.gps files
which are further than the error (set in the GPS track menu) away from
the average GPS reading will be deleted. The auto-detection in the
algorithm will find these GPS points and delete them from the *.*.gps
files. The process will automatically update the *.*.gps files.

7) Delete Bad Elev: Filtering of the GPS listings to remove elevations
which are completely in error.

8) Delete - scan#: Operation to remove negative scan numbers from
the GPS log files — which can happen on some equipment where the GPR
cart is backed up during data collection.

0) Interpolate Double GPS: Often double GPS points or more can be
found in some raw GPS logs do to a variety of reasons. Often the double
GPS points are discovered however the timing information in the GPS log
file is continuing to increment. Clicking this operation will cause GPR-
SLICE to discover the number of double GPS points and to find where the
first unique GPS point is discovered. GPR-SLICE will then linearly
interpolate the double GPS points to create unique GPS readings.

10) Interpolate Bad GPS: This option should be run in place of the
Delete Bad GPS operation. This function will search for all GPS points
which are the set error distance away from the average GPS reading, and
it will replace this point with an interpolated point found between the two
closest valid GPS points surrounding the bad point. There is a possibility
that many poor GPS readings are significant in a file. A reasonable value
of for the error setting may have to be tried. Values can range from 1-
.0000001 sometimes depending on the data quality.

11) Interpolate Time GPS: Interpolation of GPS fallouts can be
accomplished in time. In this operation, GPR-SLICE will read the 4th
column of the *.*.gps files and extract the time of the GPS reading. The
GPS reading is converted to the total number of seconds. If any
adjacent GPS reading is currently is more than 1 second away, GPS
values will be interpolated in between to make estimated GPS reading
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every second. In order to properly use this option, the user must make
sure that the 4t column of their *.*.gps file contains time written as
“hh:mm:ss” with quotes around the time (e.g. “06:55:32"). In later
version of GPR-SLICE UTC time with decimals is now being written for the
generated GPS files.

An error threshold setting was added to the GPS Track menu for
removing GPS data. The error threshold is set to a fractional percent of
the average UTM reading. For errors greater than the error threshold,
the GPS point is automatically removed. This setting in the Track menu
should not be used to try and remove points that are only a meter or so
away from its estimated position. The setting is for fallout where the
recorded readings are from corrupted navigation numbers that are
incorrectly recorded or from loss of satellites. In these instances, the
GPS fallout are usually numbers that far away from the average UTM
numbers.

Note 1: After running any of the filtering operations, the information file
will be automatically updated to reflect the edited number of GPS listings
for each GPS radargram

Note 2: It is possible to run a combination of the GPS filtering operations
in the Edit Info File menu. For instance, the user could run Delete Double
GPS, then run Delete Bad GPS, followed by Interpolate Time GPS.

Note 3: The user cannot run Delete Bad GPS followed by Interpolate Bad
GPS or vice versa. Delete Bad GPS will delete the bad GPS points. If one
ran the Interpolate Bad GPS operation, the search algorithm would not
find any bad GPS points to interpolate. However, running the Interpolate
Bad GPS option will automatically find the bad GPS points and then
interpolate them. These 2 buttons should never be run together in an
operation.

Note 4: Remember that scan numbers must also be present in the 5t
column of the *.*.gps files to use the interpolation filtering features.

Note 5: During the implementation of Mala GPS options in the
software, some *.cor files had scan numbers which were less than the
previous scan numbers. This is of course an impossible occurrence and
represents some fallout of information in the GPS logger. Testing for this
condition is now made in the GPS Track menu. Clicking the Del/Bad GPS
button, these errant points will also be removed. This test is now
provided for all GPS generated from any GPR manufacturer’s system.
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Correcting navigation points manually in the GPS Track Menu

In the GPS Plot menu there are buttons to manually change the
location of any GPS point for any radargram (see following diagram).
The buttons in the GPS Plot menu are:

Line+/-: increment between GPS radargrams

Point+/-: identify a point along a GPS radargram

X+/-: adjust the highlighted GPS point in the x direction
Y+/-: adjust the highlighted GPS point in the y direction

In the example in the following diagram in which only 2 radargrams are in
the information file, the Line+ button was clicked once to highlight the 2"d
radargram, following by 24 clicks of the Point+ button to get the noisy
GPS point highlighted. Then to adjust the point the user can click the X
or Y buttons to move the point up/down or left/right. The Save button
should be clicked after each GPS point is adjusted. The single GPS points
can also be deleted from the track by clicking the del pt button as well.

O GPR-SLICE  GPS/Nav/Vector Track Map:  gssi-gp:
woffset | del double gps | del double times error  del bad gps int bad gps | filter gps track line+ | pt+ | X+ | Y+ § recover |
y-offset | 0 xy offset| int double gps | del double scans | | 1 del bad elev | int time gps ||I'Ig1h 0 reror| 0 line- | pt- | X | Y- save

Mpt-traj | 1 del double loc del extra gps  Japsquality >=0-fix not valid/off :I deﬁ
store track map | track jpg hdop <= 1.1 nsat >:| 10 decimate I 0 time lag I 0 resample in range 1
| total GPS survey length = 653.6 m ® blue dots - inside GPS precision seftings
v track ® plack dots - outside GPS precision settings - not included in time slice analysis
_ |black = ® red dots - GPS fallout - time interpolated
¥ dots file18.dzt

v start/stop
~ cross
redraw

plot+
plot-

532526.

532501. T T T T T T T T T T
1245385.m 1245420 1245445
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Filtering/Smoothing of the Entire GPS Track

Filtering and smoothing and rewriting of the entire noisy GPS track
can be accomplished in the GPS Track Menu. The GPS track filter has 2
settings: the filter length is the humber of GPS points on each side of the
local GPS point to take a moving average; the r/error setting is the
maximum error distance acceptable from the difference between the
averaged GPS reading and the local reading. If the threshold is breached,
the averaged GPS reading over the filter length will replace the local
reading. Several different levels of smoothing can be achieved depending
upon the settings. The filter works for either one track or in batch for
whatever number of GPS lines you have in the project information.
Several examples of a single GPS track filtered, as well as a multi-track
filter are shown in the next figures. The user should experiment with
different filter lengths and r/error settings. Longer lengths and small
r/error will provide larger smoothing - whereas reducing the length to a
few gps points on each side of the desired point, along with a larger
acceptable error will produce tracks with less smoothing.
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£ GPR-SLICE

x-offset | 0

y-oﬂset] 0  xyoffset| int double gps | del double scans | I 5] del bad elev

GPS/Nav/Vector Track Map:
del double gps | del double times | error

gssi-gps

del bad gps int bad gps

filter gps track

line+ | pt+ | X+ | Y+

recover |

Ingth |4  rerror | 3

line- | pt- [ X | Y-

save

1
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Npt-traj [ 1 del double loc del extra g psquality >=0-fix not valid/off o delpt
store track map_| track jpg hdop 1.1 nsat >=| 10 decimate [ 0 time lag [ 0 le in range
total GPS survey length = 653.6 m ® blue dots - inside GPS precision settings

[ track ® plack dots - outside GPS precision settings - not included in time slice analysis
FI:;Ck v file18.dzt @ red dots - GPS fallout - time interpolated
v S - 2
[V start/stop x-easting = 4517720.  y-northing = 5749963. x-easting = 4517723.  y-northing = 5749963
[~ cross
redraw
plot+ s
plot-
5750038 5750038 =
53. i
Filtered
5750013 5750013 - -
53. i L
5749988 5749988 | —
5749963 T a 5749963 T —
4517720m 4517723m

Keasing = 302N y-noring - 4647305

130G =330230  y-marhing < 4687305

45745

57325

Unfiltered

- 481145

- 487328

Filtered

120230m

4587305

320270
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The filter was designed so that the first N points at the beginning or at
the end of the GPS track are not filtered to preserve the original raw start
and end locations, as well as to only implement the filter when it is
completely over GPS data within the track. One can see that the filtered
GPS track has some original noise (preserved) at the beginning and
end. The current consensus is that it is good to preserve these first few
points at the beginning and end. This may change at a later date.

One can place a track jpg name in the menu and clicking the "Store
Track Map" will write the name of the desired map jpg as well as write a
single comprehensive GPS track file for all the radargrams in the
project with the extension ".txt" in the \raw\ folder. The main project
folder still contains the map.jpg of the track in case you do not want a
customized name. Along with the options to move points around
individually which we detailed in a newsletter last year, the GPS/GPR
users now have global track filtering options available.

Note: Before leaving the GPS Track menu the user can recover all
filtering done to the GPS track files by clicking the "Recover" button. The
software will automatically update the GPS tracks to the filtered tracks
once you exit the GPS Track menu.

GPS Scan Lag Correction

In data collection with a GPS unit, there is the possibility of recording
delays between the GPS and GPR. The manifestation of this is that the
radar scan number associated with a GPS reading may be off by a
constant number of scans from its real location. For a survey that is
collected with a lot of forward and reverse GPS radargrams, the effect of
this scan lag can be very dramatic just as it is in regularly navigated
dataset. The effect of such a GPS scan lag or latency is shown in the
following diagram (courtesy of 3DGeophysics.com):
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GPS scan lag error

ad: 8-13ns
1 1 1 1 I 1 1 1 -
4709270 ~
4708245 — T T T T T T T T T T T
714281m 714306 714331
a5: 8-13ns GPS scan lag corrected
1 1 1 1 | 1 1 1 .
4709270 ~
4709245 — T r T T T T T T T T
714281m 714306 714331

The top diagram shows anomalies that look like they are hatched and
broken. In the bottom diagram is a corrected time slice. To correct for
the GPS scan lag, the user must use a setting in the Navigation menu
called Scan Lag. The correction for this problem, assuming the
staggering is caused by a constant shift between the GPS reading and its
corresponding scan number, is to add/subtract a constant number of
scans to each associated GPS scan or trace #. The following example a
scan lag of -20 scans is applied to the GPS traces which corrects the
staggered image:
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x-offset| g

y-offset| 0 xyz offset

z-offset| 0

del double gps

del double times

GPR-SLICE
filter gps track

error [ 1 int bad gps

GPS/Nav/Vector Track Map:
line+ ‘ pt+ ‘ X+ ‘ Y+

cherik\

recover ‘

int double gps

del double scans

del bad gps | int time gps

del double loc

del extra gps

del bad elev | del -scan#

MNpt-traj | 1 info offset

[ track

gpsquality  0-fix not valid/off

total GPS survey length = 3477.5 m

# of GPS outside precision = 0 out of a total of 6335

% hdop| 10 Nsat| 3 decimate | 0

Ingth | 3 rlerror| 1
time lag | 0 Iscan ag -20' resample in range | 1

line- ‘ pt- ‘ X- ‘ Y- save

delpt

# blue dots - inside GPS precision settings

® black dots - outside GPS precision settings - not included in time slice analysis

black ® (o4 dots - GPS fallout - time interpolated
[ dots 4709280 ] ] ] | | | | _
[+ start/stop
[ cross .’/ﬁ-
redraw 4109278 7-%. -
s Fﬁ—//—;&/
ot ﬁ-
E
> /_/_/—/—/—/_f—j——:
4709260 —/ B
e e ——
—
——— !
4703260 1{/_/_/_#—/—/;/;2‘ -
s ——
/_/_/_/_/_/——:i
4709245 T T T T T T T T T T T T
714282 714267 714292 714297 714302 714307 7143&12} T14317 714322 714327 714332 714337 714342
¥ (m
store track map
track.jpg
dxf

Decimating the GPR/GPS track

An option to decimate the number of recorded GPS readings for any
given survey is available. There may be various reasons that decimating
the GPS record will provide better navigation. Some GPS systems
currently can output GPS for every scan. However, in some cases the
GPS loggers are not really updating the position as quickly as it might be
outputting the log information. The net effect can be GPS readings that
are clustered in locations or are in identical locations. In addition, having
GPS readings on every scan, although this can be completely processed in
the software, can lead to overly large ASCII time slice that need to be
gridded. The reason is that if every scan has a navigation marker, then
every scan will also be included in the Slice/Resample operations where
the Cuts-per-Mark setting will require generating a time slice value on
every scan. Having 100 scans per meter or more would generate very
“thick” ASCII dataset which will require more time for gridding. A value
of 10 decimation can often be used with out loss of resolution for most
GPR/GPS surveys when the GPS data exists on every scan. Of course the
decimation should also be chosen based on the scan/GPS reading density.
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Note: For GPS readings collected on every scan, if it desired to process
these time slices just as they are, the bins per mark should be set to 1 -
one can not set it to any higher value since there is one time slice value
per scan

Resample in Range for total station or GPS fallout with survey
wheel engaged

& GPR-SLICE  GPS/Nav/Vector Track Map:  C:\Alex - IDS - total station

xoffset [ del double gps | del double times | emor _ del bad gps | intbadgps | filter gps track line+ | pt+ | X+ | Y+ | recover
y-offset[ 0 xy offset| int double gps | del double scans | [ 1 del bad elev | inttime gps _|Ingth [ 3 werror | { line-
=

Npt-traj [ 1 del double loc_| _del extra gps _|gpsquality >= 0-fix not valid/off

store track map_[track jpg hdop <[ 100 nsat>= 3 decimate [0 _timelag [0 I resample in range I 5
total GPS survey length = 50.2 m @ blue dots - inside GPS precision settings
[ track ® black dots - outside GPS precision settings - not included in time slice analysis
black = ® 4 dots - GPS fallout - time interpolated

[¥ dots ! ! ! ! ! ! ! ! ! 1 ! ! 1 ! 1 1

[v start/stop 3

I cross

£ Before
redraw =

plot+

= 0 T T T T T T T T T T T T T T T T
plot- -9 -46 A3 -40 -37 -34 -31 -28 -25 -22 -19 -16 -13 -10 -7 4 -1 2
x (em)

x (em)

GPS/Nav Track Resal X

GPS tracks resampled in integrated range to .5

A special button to resample a GPS track or a total station track when
fallout is present can be implemented. The Resample in Range button
reads the track and then will mathematically integrate the length along
the track to reset positions at the desired length. In the example in
Figure 1 the total station track was resampled at 0.5m. The requirement
of the operation is that the data was also collected equidistantly along the
ground (e.g. with a survey wheel). When fallout occurs with total station
(or GPS) multiple points can be recorded in the previous locations until
valid measurements are taken. The delete double GPS point option
should first be engaged so that the general track movement can be
mathematically integrated to give the most accurate resampling of the
track that is synced with scans. This button became necessary for a
recent dataset collected with a multi-channel equipment in a city street in
Spain where buildings and obstructions caused the total station readings
not to be properly updated.
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Filtering of GPR time slices via GPS quality, NSat, HDOP

The 20 column GPS format now is used in all GPR/GPS operations in
GPR-SLICE v7.0 is useful for filtering of GPR time slices based on the
navigation precision. Three new additions to the GPS files over GPR-
SLICE v5.0 include: the GPS quality, N Satellites, and the HDOP. The
first 8 columns of the GPS navigation files used in GPR-SLICE v7.0 are:

eastings, northings, elev(m),”time”, scan #, GPSquality, Nsatellite, HDOP

This format became necessary in order to accommodate the use of GPS
quality, the number of satellites and the HDOP in filtering operations.
The GPS quality has 6 levels and these are

0 - no fix

1 - aGPS (autonomous)
2 - dGPS (differential)
3 - not defined

4 - RTK-fixed

5 - RTK-float

The GPS quality can change during recording based on changes to the
system being used. In GPS lingo, RTK fixed is actually a better quality
GPS fix then RTK float, however, the numbering system in the NMEA
string has RTK float as a larger number. During reads of the file, GPR-
SLICE will re-weight the levels to make RTK-fixed the best possible GPS
quality.

The number of satellites in the fix is also recorded in the NMEA string.
The fewer number of satellites can also be correlated with the precision of
the GPS navigation. The HDOP, called the horizontal dilution of precision
gives a measure of the fix resolution. Fractional values between 1-3 are
common for the HDOP, but values can be higher. The larger the HDOP,
the poorer the GPS fix is. All GPS NMEA strings contain this information
in the raw GPS logs for most manufacturers.

GPR/GPS track portions that do not meet a user defined setting for
GPS quality, N satellites, or HDOP be automatically removed from time
slice images. Such operations are common with other 2D geophysical
tools that are being used in surveying. These options will help to make
the GPS track operations in the software more robust and provide the
user more controls and quality assurance in navigation and imaging.
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These options can be visualized in the GPS Track menu as well as in
the Slice/Resample operations. Shown in the following figure is an
example GPS track map with portions shown in black. In this dataset,
courtesy of the Indiana Geological Survey, we have the GPS quality set to
dGPS, N satellites to 4, and the HDOP to <= 3.2. If the user wants to see
just HDOP changes, then they can set the GPS quality to the lowest
setting (0-no fix) and also set N satellites to 0. Clicking the Redraw
button will refresh the GPS track map with the new settings.

In the following figure, the GPS track map showing portions of the
track in black are lower in GPS quality, N satellites, and HDOP. At this
point in GPR-SLICE operations, the GPS settings are only used to
visualize portions of the GPS track that meet the desired precision.
During Slice/Resample operations, the entire GPS track is processed,
however, at the creation of the XYZ ASCII time slices these settings are
used to filter and remove those portions of the GPS track that do not
meet the desired criteria

GPR-SLICE  GPS/Nav/Vector Track Map:  C\kisatchie\ss-gps
x-offset | 0 del double gps del double times | error | 1 int bad gps filter gps track | line+ | pt+ | X+ | Y+ | recover ‘
y-offset| 0 xyz offset | int double gps | del double scans del bad gps | inttime gps |Ingth | 0 rferror| 0 line- | pt- | X- | e save ‘
z-offset| 0 del double loc del extra gps del -scan# delpt
Npt-traj [ 1 info offset gpsquality  0-fix not valid/off = | hdop| 4 Nsat| 3 decimate | 0 time lag \ 1] scan lag | -10 resample in range | 1
total GPS survey length = 2383.2 m # blue dots - inside GP'S precision settings
[ track #of GPS outside precision = 191 out of a total of 2377 ® black dots - outside GPS precision settings - not included in time slice analysis
black ® 12d dots - GPS fallout - time interpolated
[v dots . ] ] ! |
[v start/stop
[ cross
4442380 B
plot+
plot- 4442370 =
4442360 — [~
4442350 — [~
4442340 I~
g 4442330 B
=

4442320 B

store track map 4442310 - B
track jpg 3

o 4442300 — —

4442290 — —

4442280 B

4442270 T

| | | T |
589284 589294 589304 5893(14} 589324 589334 539344
x(m
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reset log

Slice/Resample Processing

last executed on:
information file=

08-10-2013 17:04:08
D:\kisatchie\ss-gpstinfoedit.dat

radargram folder= D:kisatchielss-gpsiedit
number of files= 1

new scans/mark= 10

number of slices= 20

thickness samples= 16

thickness ns= 6.4

sample start = 4

sample end = 247

cut parameter
cuts per marker =
Ons offset type=
Ons offset =

squared amplitude
2

constant

Create XYZ executed:08-10-2013 17:04:11——

gps1.dat - gps20.dat
number of data = 4702

files to slice | info dat .
_ \radan slice & slice files ime window-ns_ depth (v=0.087m/ns)
radargram dir @ resample gps1.dat 072 0-031
¢ | Viltert Xyz gps2.dat 3.52-10.72 0.15-0.47
¢ |\migrate! gps3.dat 7.04-14.24 0.31-062
¢ | \hilberti S s4.dat 10.56-17.76 0.46-0.77
slice & i
¢ | \boxcarl resam ple gps5.dat 14.08-21.28 061-093
¢ |\bandpass\ gps6.dat 17.6-24.8 0.77-1.08
clwopor ! gps7.dat 21.12-28.32 0.92-1.23
¢ [Vegan slice & gps8.dat 24643184 107139
P ,W gps9.dat 28.16-35.36 1.22-154
 [edit gps10.dat 31.68-38.88 1.38-1.69
gps11.dat 35242 4 1.63-1.84
resample dir | iresample aps12.dat 38.72.4592 1682,
dump dir Wworkl gps13.dat 42.24-49 44 184215
resampled scans/mark 5 gps14.dat 45.76-52.96 19923
i IT gps15.dat 49.28-56.48 2.14-2.46
- : gps16.dat 52.8-60. 23261
t e
cesssamIes [ 18 % 112 hepset | [50% <] | [gpstrcat 56326352 245276
sample: start I 74 end I 250 | slicing overlap gps18.dat 59.84-67.04 26-2.92
samples to Ons | 74 search Ons gps19.dat 63.36-70.4 2.76-3.06
effective time W’W oS gps20.dat 66.88-70.4 2.91-3.06
cuts per mark | 2 Am
cut parameter | squared amplitude +
file \dentrﬁerl aps XYz | @

%max cutoff I 90 xyz 0-mean-line &

xyz O-mean-grid |(‘

%min cutoff I 0

xyz histogram .
xyz line match .

next> | <prev. |

number of data GPS/Vector filtered=
gpsquality = 0

4702

~

minimum requirements for GPS xyz compilation:

gps quality==

n satellites> :l 3

5
hdop==| 4

The GPS quality, N satellites and the HDOP settings will only show in
the Slice/Resample menu for GPS projects and will remain hidden for

non-GPS projects.

An example of a filtered time slice based on the GPS quality, N
satellites and HDOP is shown in comparison with an unfiltered time slice:
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GPS quality, N sat, HDOP Filtered Unfiltered

al: -1.-0.6m b1: -1.-0.6m

4442370 4442370

4442320

4442270 4442270

589284m 589334 589284m 589334

In this example of a GPS quality, N satellite and an HDOP filtered and
unfiltered times slice are compared.

Note: Some manufacturer’'s GPS formats have removed information in
the NMEA string such as the number of satellites or the HDOP, etc. The
user may need to place artificial values in the for these in the GPS track
menu to insure that all the points are included in time slice analysis if
precision information is not available.

Manual Filtering of GPS Track

A set of buttons and settings to manually adjust any point along a GPS
track are available. With line+/- and the XY -+ buttons the user can
quickly scroll to any GPS profile and then move along any individual track
to get to a desired GPS point to adjust the location by making repeated
clicks on the X or Y +- buttons. The amount to move the GPS point can
be differentially set for forward and backward movements. An example
is shown in the following screen shot of the GPS Track menu:
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GPR-SLICE  GPS/Nav/Vector Track Map:  c\kisatchie\mala-gps
-offset| 0 del double gps del double times | error | 00005 int bad gps filter gps track | line+ ‘ pt+ | X+ ‘ Y+ | recover
-offset| 0 xyz offset int double gps del double scans | del bad gps ‘ inttime gps | Ingth | 7 rferror| 2 == ]T» 3 = ]7» 2 save

z-offset[ 0 del double loc del extra gps del bad elev | del -scand# decimate [0 [ line- [ pt- | X- | Y- [deipt

Mpttraj | 1 info offset | gpsquality O-fix not valid/off % hdop| 10 Nsaf| 0 del outside precision ‘ timelag || 0 scanlag | 0 resample in range | 1

total GPS survey length = 757.3 m # blue dots - inside GP'S precision settings

[+ track # of GPS outside pracision = 2 out of a total of 1613 ® magenta dots - outside GPS pracision settings - not includad in time slice analysis

DAT_1054.rd3
black =
[~ dots GPS point# 21
[+ start/stop
4687346 -
[~ cross
redraw
plot+
plot- 4687341 -
4687336 -
4687331 -
E
w
o
=4
= 4687326 -
£
[=]
c
4687321 -
names on/off
4687316 -
store track map
track jpg 4687311 -
dxf
4687306 T T T
330243 330248 330253 330258 330263 330268 330273
eastings (m)

GPS Listings Spreadsheet

GPS navigation files that are made for each radargram in the
information file can be easily accessed using the Show GPS File buttons in
both the GPS track menu and in the Edit Info File menu. The GPS data
will be presented in a spreadsheet available for additional editing if
needed and can be used to quickly identify problem GPS points in the file.
The 8 columns shown are the eastings, northings, elevation, time, scan#,
gps quality, # of satellites and the HDOP. (GPS navigation files are 20
columns long with columns 9,10, 11 which are reserved for vector scan
definitions, and 9 columns leftover for future growth)
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)]
x-offset IU_ del double gps del double times del bad gps | int bad gps filter gps track ‘ de\pt‘linsﬂ-‘ pt+ ‘ X+ | Y+ | save | recover
yoffset [0 2 offset int double gps del double scans | error | 4 intime gps | len| o er| g =1 =3 =] 2= 2 resampleinrange-nz
-offset IU_ xyz tran del double loc del extra gps del bad elev del -scan# decimate ”T scan lag ‘ 0 Hne—‘ pt- ‘ X- | ¥ resample in range-xy 1
Mpt-traj lﬁ info offset del 0,0 null extend gps time lag 0 |L\NEEIEI.DT1 -‘
total GPS survey length = 23832 m # blue dots - inside GPS precision settings
beifeick # of GPS outside precision = 57 out of a total of 2377 @ magenta dots - outside GPS precision settings - not included in time slice analysis
black =
W dots
v startistop L
[ cross
redraw
plot+ d
CCE 4442370 -
[ edittrack
rt-mouse=del pt
l+-mouse=move pt
GPS post proc 1 al
4442345+ r 1 -
delete< precision
gpsquality
0-fix not valid/of 2 =
hdop | 100 E g} v
> . . .
Neat]s ® LINE00.DT1.gps navigation file - o x
0 rotate track 4442320 =
# eastings | northings ‘ elevation time scan # aps quality ‘ n satellites | hdop -~
1. 5893222 4442275, 2072 141324, 1. 2 El 11
names on/off 2 589322 48 44422753 2072 141331 11 2 9 11
@‘ 3. 589222.89 4442275.61 207.2 141232 21 2. 8 13
W 4. 58932372 444277644 2072 141334, ka 2 8 13
4442295 5. 589224 57 4442277 47 207.2 141226, 41. 2. El 13
6. 589324.99 4442278.01 2071 141337, 51. 2 8 13
dud 7. 589225.37 444227857 207.2 141238, 61 2. 8 13
kmz | kml 8. 589326.15 444227976 2072 141340, 71. 2 El 13
xypoints 9 5893266 444228041 2071 141341 81 2 El 13
Xp-scan 10. 589327.32 444228155 2072 141343, 9. 2 El 13
1" 58932771 444228215 2071 141344, 101 2 El 13
12 589328.28 44422833 2071 141348, m 2 El 13
4442270 | 13 589328.64 4442284.08 207 141347 121 2 8 13
14. 589329.08 444228475 207. 141348, 13 2. 8 13
589284 58330 15 589329.49 444228544 207 141349 141 2 9 13
16. 589230.26 4442286.71 207. 1412351, 151 2. 8 13
17. 589330.61 444228734 207. 141352, 161 2 8 13
18. 589231.29 4442238 65 207. 141254, 171 2. El 13
19. 589331.58 444228924 206.9 141355, 181 2 El 13
20 589331.94 444228989 207 141356 191 2 El 13
21 589332.61 44422912 206.9 141358, 201 2. 8 15 v

GPR/GPS Total Station Navigation

Purpose: To introduce how total station surveys are integrated into
GPR-SLICE software and to show all the steps from using raw total station
tracks to creating time slice datasets.

Basic Information: Total station navigated GPR surveys are possible
with GPR-SLICE v7.0. Currently only equipment from Sensors and
Software, Mala Geoscience, and IDS of Italy provide a standard format
for the total station log, which is identical to the GPS NMEA string form or
a customized form which is read in the Edit Info File menu. Total station
surveys are identified in the Create Info File menu with the “GPS”
identity. For example, for every Sensors and Software total station GPR
survey, a GPS log file with the extension *.gps is created for every
radargram. This *.gps file looks identical to the *.gps files generated for
real GPS navigation - only that the local x and y coordinates of the
survey replace the latitude and longitude locations in the NMEA string:
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BILINEO - Notepad —

File Edit Format View Help

152

Trace #1 at position 0.000000
$GPGGA,124501.80,92.21,N,96.47,E,1,05,1.0,10.04,M,0.0,M,0.
Trace #19 at position 2.880000
$GPGGA,124506.80,92.15,N,97.19,E,1,05,1.0,10.04,M,0.0,M,0.
Trace #37 at position 5.760000
$GPGGA,124508.20,92.08,N,97.95,E,1,05,1.0,10.04,M,0.0,M,0.
Trace #55 at position 8.640000
$GPGGA,124510.00,91.97,N,98.98,E,1,05,1.0,10.03,M,0.0,M,0.
Trace #73 at position 11.520000
$GPGGA,124511.70,91.86,N,99.85,E,1,05,1.0,10.02,M,0.0,M,0.
Trace #91 at position 14.400001
$GPGGA,124513.20,91.78,N,100.62,E,1,05,1.0,9.99,M,0.0,M,0.
Trace #109 at position 17.280001
$GPGGA,124514.40,91.72,N,101.52,E,1,05,1.0,9.97,M,0.0,M,0.
Trace #127 at position 20.160000
$GPGGA,124516.00,91.64,N,102.55,E,1,05,1.0,9.94,M,0.0,M,0.

Clicking the SS to Nav button in the Edit Info File menu:

0,0001%99
0,0001%99
0,0001%99
0,0001%99
0,0001%99
0,0001%99
0,0001%99
0,0001%99
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Edit Information File: C\kisatchie\ss-navinfo.dat - O
P profile name ¥ offset v offset z offset GPS/MNAY  division
infobak.dat
1 |line0.dt1  |0. 0. 0. 8. [
2 |linel.dt1  |o. 0. 0. 8. -
Jinfo.dat 3 [line2.dt1 c [o 0. 0. 8. r
__ save edits_| 4 [line3.dt1 c [o. 0. 0. 9. r
shift x0 | shift x1| name + 5 |lined_dt1 |0 0. 0. 9. [
0 shift yo | shifty1| name - 6 |line5.dt1 |0 0. 0. 1. -
times x0 | times x1 insert 7 [line6.dt1 « [o 0 0 " r
tu:;f:t:r[] times y1 delete g [lne7 dt1 c o 0 0 2 -
9 |lined.dt1  |0. 0. 0. 12. [
10 |line9.dt1  |0. 0. 0. 13. -
S5 get xy | S5 getts | 11 ' [
SS to utm I~
55 to nav [
-
NMEA to utm GPR-SLICE v7.0 Yraw\*. navigation files created r
NMEA to nav [
brwse x0x1y0y1 r
Z to nav
GXgS get list r
T LU | r
- r
GPS get yaw I 21 ' -
22 F [
Ang, X Y, XY to Vector 23 L I~
unit/marker | 4 24 - I_
time windowns [ 75 25 i I~
resamplezazz:lj:::rs::r; % next> | <prev | sort r | x0 to x1 I sart x | X ==y sort y I y0 to y1
del odd x1 to y0 rev file
resampled resol. (8 bil (& 16 bit Taiaen |
xy ~ recover |
Sumvey type: 8N o

will generate the same 5 column standard GPR-SLICE *.dtl.gps file:
total station x, total station y, total station elevation, “time”, scan #:

[Blline0.dt1.gps - Notepad - |0 x|
File Edit Format View Help

96.47,92.21,10.04,"12:45:01.80",1,1,
97.19,92.15,10.04,"12:45:06.80™,19,1
97.95,92.08,10.04,"12:45:08.20",37,1
98.98,91.97,10.03,"12:45:10.00",55,1
1
1

99.85,91.86,10.02,"12:45:11.70",73,
100.62,91.78,9.99,"12:45:13.20",91,
101.52,91.72,9.97,"12:45:14.40",109
102.55,91.64,9.94,"12:45:16.00",127

The total station GPR tracks for this project are shown:
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GPR-SLICE ~ GPS/Nav/Vector Track Map: ~ C:\kisatchie\ss-nav
-offset | 0 del double gps | del double times | eror | A int bad gps filter gps track ‘ line+ | pt+ ‘ X+ | Y+ | recover |
-offset| 0 xyz offset | int double gps | del double scans del bad gps | int time gps_|Ingth | 3 rferror | 4 line- | pt- ‘ X- | Y- save |

z-offset | 0 del double loc del extra gps del bad elev | del -scan# delpt

Mpt-traj| 1 info offset | gpsquality  0-fix not valid/off % hdop| 10 Nsat| 3 decimate | 0 time lag | 0 scan lag | 0 resample in range | 1

total GPS sunvey \engt_h_= 879 m @ blue dots - inside GPS pracision settings

[ track # of GPS outside precision = 0 out of a total of 111 ® plack dots - outside GPS precision settings - not included in time slice analysis

black w ® 124 dots - GPS fallout - time interpolated

v dots ! ! ! !

[v start/stop

[ cross

redraw 92 *‘\'\‘—m\. i
plot+
plot-
B o o ——————+—*
7 T+, .+ i
[ S i o S
_——0——0——4—\_.__._;0—_.—._.
88 e VU B
- o o
86 M B
84 T T T T T T
92m 94 96 98 100 102 104

The time slices for this total station GPR/GPS project are show below:

©)Time Slices: \kisatchie\ss-nav _Olx
raw1: 0-8ns ‘raw2: 3-11 qs |
S §
89 89
841 84T T T T [ T T [Tt
Ir'awﬁ: 15-23ns
89
84
< | A

Notes:

The * to Nav buttons are also provided in the software but are

currently not activated for some manufacturers since they have yet to
integrate total station surveys. Once these companies provide the format
of their total station navigation files then these buttons will be turned on.
Most likely these formats will emulate the NMEA string format in replacing
just the latitude and longitude with local station coordinates.
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GPS post processing from a Master.gps file

] GPR-SLICE
xoffset [0

yeoffset ’T xyz offset

GPS/Nav/Vector Track Map:
del double gps del double times

usace gps correction

del bad gps ‘ int bad gps

filter gps track ‘ de\ptllmw‘ pt+ ‘ X+ ‘ Y+ ‘ save ‘ recover

int double gps

del double scans

z-offset | g xyz tran

eror | A int time gps

len[3 em|1 »[ 123 > 2] 2 resample in range-xyz

Mpttraj [ 1 info offset

del double loc del extra gps del bad elev del -scan# decimate "T scan lag | 0 |IFIE-‘ pt- ‘ X- ‘ Y- | resample in range-xy | 10
extend gps time lag |16 | PROJECTO01__001.02T -|
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master.gps

total GPS survey length = 797.4 m ® blue dots - inside GPS precision settings
¥ track # of GPS outside precision = 0 out of a tatal of 1340 ® magenta dots - outside GPS precision settings - not included in time slice analysis
black -
[ dots L L 1
¥ start/stap 3569387 I~ 3569386 —
™ cross
redraw
plot+ 3569382 I~ 3569381 —
plot-
gt nack 3569377 - 3569376 —
t-mouse=del pt
It-mouse=move pl
3569372 - 3569371
GPS post proc
3569367 I~ 3569366 —
delete< precision
gpsquality = .
0fix not valid/e & £ s603er - E 3560361 -
hdop [ 100 > s
Nsat | 3
3569357 - 3569356 —|
names on/off
3569352 — - 3569351 —
store track map
track jog 3569347 - 3569346 —
- uncorrected raw gps
3569342 I~ 3569341 —
kmz
Xypoints
xyp-sean 3569337 ‘ ‘ T T ‘ T T T 3569336
703928 703933 703938 703943 703948( )703953 703958 703963 703968
x (m
® GPR-SLICE  GPS/Nav/Vector Track Map:  usace gps correction
xoffset | 0 fset del double gps | del double times del bad gps | int bad gps filter gps track ‘ delpt|line+| pt+ | X+ | Y+ save recover
yeofset [0 ¥ % T double gps | del double scans | srmor | 4 inttime gps | 1en] 3 & | 1 21 >3 >] 27 2 resample in range-xyz
z-offset | 0 XyZ tran del double loc del extra gps del bad elev del -scan# decimate ‘IT scan lag | 0 hner‘ pt- ‘ X- | Y- | resample in range-xy | 10
Npt-traj [ 1 info offset extend gps time lag |16 ‘PROJECTUM_Um DzZT j

total GPS survey length = 772.3 m

IV track # of GPS outside precision = 0 out of a total of 1340

black

I dots

IV start/stop

I” cross
redraw
plot+

I edit track
rt-mouse=del pt
lt-mouse=move pt

GPS post proc
delete< precision

gpsquality
0ix not valid/c &

hdap | 100
Nsat | 3

names on/off

store track map
track jpg

df
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xypoints
xyp-scan
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The GPS Track menu has specialized options to post process raw
uncorrected GPS tracks from a master gps track. This GPS survey will be
made from a single master GPS log file that is recorded simultaneously
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and which is later post processed to yield a corrected GPS track. GPR-
SLICE can merge the corrected master.gps track with the raw
uncorrected GPS tracks for each of the files in the project. The
master.gps file should encompass the entire time that comprises the
individual GPS files. The button called GPS Post Proc (shown in the GPS
track screen shot) will read the uncorrected GPS track for each radargram
and will extract the corresponding location in the master.gps processed
track to extract the exact location. Linear interpolation is made between
the 2 bordering times in the master.gps to yield the best possible
corrected track. The master.gps track will usually have been post
processed in alternate third party software such as Pathfinder before
being use to merge and correct with the individual profile tracks in GPR-
SLICE

Note: The master.gps is a single recorded GPS over the entire survey
time and is 4 columns with time, eastings, northings and elevation -
comma delimited, and should reside in the \raw\ folder of the project.

Flexible GPS/total station navigation file input read

Some users are developing their own GPS and total station navigation
formats which are not linked to the GPR manufacturer that they are
using. For this reason, a flexible navigation file input read was developed
for the Edit Info File menu. Using the XYZ to Nav button will launch
another menu where the user can set the number of lines to skip in the
header, file extension names, the columns for the x, y, and z of the data
as well as the scan number if it exists. An example of a RadarTeam
Cobra *.txt navigation file format, and how the flexible read can be used
to import this to the *.*.gps files for this manufacturer is shown in Figure
8. This flexible read can be applied to any kind of navigation, GPS, total
station or any user defined navigation. The only requirement is that the
navigation file for a radargram must have the exact same name other
than the defined file extension.
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) Edit Information File: ‘\geko_sgy\info.dat - GPR-SLICE  GPS/Nav/Vector Track Map:  geko_sgy
poset | 0 del double gpo 1 del doubl timss | eror | 1
nink dat profile name x offset y offset zoffset  GPS/ Ny ofiset [0 xyz ofiset | int double gps | del double scans | del bad gps |
) 1 |D|TR_UUQ1_SGY s ‘U |g_ |D 303 [e-offset| 0 del double loc del extra gps del bad elev | ]
» [RITE Nnn? ary ~ M N 204 Mpt-traj [ 1 info offset | gpsquality 0-fix not valid/off = hdod 10 Nsat| 3 ]
info.dat " o " - u total GPS suvey length = 1581.8 m
Customized Navigation File Import: alex.. — & N #0f GPS outside precision = 0 ot of a total of 4499
save edits | ,blacT‘
shift x0 | shift x1 X . | dots
0 —’—sm Y0 shift y1 skip M header lines 3 Generate GPS ~ [ star/stop
times x0 | times x1 x column 2 & s T — W cross 5062704 —
times y0 | times y1 ycolumn 3 L e b L BB LD = redraw
rotate (" coordinates in utm or xyz _ N plot+
- z column 5
_ N_plot-_|
scan# column 1
(@ roll/pitchfyaw import in radians | _ 5062679
svec/roll column 0 . X
(" roll/pitch/yaw import in degrees | _
yvec/pitch column 0
zvec/yaw column 0 B
nmea time column 0 B 5062654 |
NMEAtoutm | SE gps/nav file extension .gaa B E
NMEAto nav | SE =
D Ty R SE Vi Az ] 17 [DITR_0017.5GY c Jo [0 [0 [136. S
xyz to nav . " -
™ big endian o _ N o |
GPS getlist | jto andian E DITR_0001.txt - Notepad “
_LitoUmM | File Edit Format View Help
GPS get yaw koordinate units:uTh o P
Trace UTM Easting, m UTM Northing, m UTM Zone Altitude, m
4] 412392.524 5062711.655 33T 352.77
A Ao ecior M| 1 212392.432 5062711.823 33T 352.46
unt/marker [ 1 2 412392.180 5062711.861 33T 351.67 I
dow ns [ 1603 1 I
time win 3 412392.042 5062711.923 33T 351.41 12364 412380 112414
?"‘P‘“:‘“: [ﬂ a 412391.906 5062711.944 33T 351.24 * {m)
feadipled acanafhak | 25 5 412391.856 5062711.853 33T 351.15
resampled resol. (* 8 bl 16 bt 6 412391.842 5062711.738 33T 351.11
o " 7 412391.946 5062711.487 33T 351.31
Survey type:  ani y v

GIS Options: Creating World Files (*.jgw)

GIS Software like Arc-Info or Arc-View requires a corresponding world
file for jpeg images to be viewed in their corresponding UTM coordinates.
As more and more GIS referenced surveys are required, we have made
the options to generate World Files easier for jpeg and bitmaps outputs in
GPR-SLICE. When the corresponding world file for a jpeg is available,
the user has many options available to them to overlay or view other
databases where they collected their grids. World files can be created in
GPR-SLICE when a jpeg or bitmap is being outputted. The 6
requirements to have a world file written when an image is being
outputted are:

|

Axes displays for both x-y axes and the time axis are turned off in
the Options Menu.

Custom display size is being used in the Pixel Menu.

x origin and y origin of the pixel maps are set to 0.

x shift and y shift of the pixel maps are set to 0.

The grid-by-grid screen dump option is clicked on.

nhwn
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6. The JPG screen dump option is clicked on.

When the World File checkbox is checked on in the Pixel Map menu, all
these settings are automatically instituted to generate the image and to
write the corresponding world file. The world file that is automatically
written has an extension *.jgw for jpg or *.bgw for bitmaps. The world
file has several pieces of information describing the meters per pixel as
well as the starting Eastings and the highest Northings value in the
image. An example of a GPR-SLICE image displayed in GIS software
(HGIS-PRO Spatial Analysis Lab Version) from a dataset made from a
(Sensors and Software) GPR-GPS survey is shown below (image courtesy
of 3D Geophysics):
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Pixel Maps: C\kisatchie\ss-gps - B
title1 I identifier Iistlgps
title2 | identifier | |gps
starr#l 1
id
grids I 1 ruwsl 1 I
C.overly Overlay o i 2' .
. gpse.gr
rid# I -
g 1 Color | Draw | + | | v [lgps3.ord
x0[ 589284 y0[ 4442270 focus ¥ | lgps4.grd
x1[ 589324 y1[ 4442310 v | Igps5.grd
new gridname Imz5_grd Append | [v | lgps6.grd
overall gain I 1 ¥form | :z :gpsg.grj
— v | lgps8.gr
narmalization 40%
® relative 50% "] lgps9.grd
¢ absolute 60% [+ | lgps10.grd
" ABSOLUTE gg% [ |lgp=11.grd
90% [v | lgps12.grd
autoscaling 100%
[v | lgps13.grd
- 110%
oignX[ 0 Y0 |yp5e ~ [lgps14 grd
length X['500 Y [500 ;ggx v [lgps15 grd
sh'rrtx|_g Y |_0 ¥ |lgps16.grd
C ot ¢ bmp|® jpgl| | worldfie | lgps17.grd
src:-‘rt=>{¢i)|'(1f ¢ last grid kmz file r ﬁ :gpsli.gr:
v | lgps18.gr
dump @ gridbygrid zone# [ 16
. [+ | lgps20.grd
identifier Iworld opacity |100% « It
lat1 0 lat3 0 [v
long1| 0 long3d | 0 2
lat2 [0 lat4 [0 2
long2 | 0 longd | 0 [
. : : : - on/off | next> | <prev |
interpolations | 4 identifier ||

[gpsad.dat interpolate+3Dfile

Note: When the World File option is shut off is the user will have to go
back into the Options menu and turn back on the axis displays to get the
screen to put back on the desired axis labeling. In addition, the user may
need to re-insert customized plotting sizes and plot shifting settings after
using the World File option.
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Google Earth Images: Creating *.kmz Files

Since the Spring 2010 GPR-SLICE was enhanced to provide Google
Earth *.kmz files from any geo-referenced time slice dataset. Google
Earth maps are archived files containing a *.kml file and a geo-referenced
image file:

El wm10.kml - Notepad - 0O
File Edit Format View Help

<?xml version="1.8" encoding="UTF-8"?> ~
<kml xmlns="http://www.opengis.net/kml/2.2" xmlns:gx="http://www.google.com/kml/ext/2.2">
<GroundOverlay>

<name>wml@.kml</name>
<color>ffffffff</color>
<drawOrder>»1</drawOrder>

<Icon>

<href>wmle.png</href>
<refreshMode>onInterval</refreshMode>
<refreshinterval>864e0</refreshInterval>
<viewBoundScale»0.75</viewBoundScale>»
</Icon>

<gx:LatLonQuad>

<coordinates>
-71.0600882460361,42.3194902356668
-71.8596880298961,42.3194974279586
-71.859701244383,42.,3199024429772
-71.06010814630862,42.319895250584
</coordinates>

<rotation>e</rotation>
</gx:LatLonQuad>

</Groundoverlay>

</kml>

The kml file contains the longitudes and latitudes of the image corners
along with other information on the image generation (see the internet
for more details). In the kml file is a link to a subfolder called \georef-
images\ where the georeferenced image is stored. The kmz file contains
both the *.kml and the subfolder \georef-images\ with the image in it.
The *.kmz file is an archived file with these 2 files in it. The dll Litezip.dll
is used in GPR-SLICE to make the kmz and archived file. So, a single file
contains all the necessary information to place the image in its exact
location on the earth. (This is more convenient then World files where 2
separate files on disk need to be read).

To generate the kmz files from a single or complete time slice
dataset, the user sets the zone number (if not already automatically set
from a native gpr/gps survey - rotated/translated local grids into geo-
referenced grids will require the user to set this), clicks on the bmp
checkbox, followed by checking on the kmz checkbox in the Pixel Map
menu. Bmp files are used since the complete color resolution without
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degradation to jpg is needed. Drawing the screen, bmp files as well as
png images files will be written to the \jpg\ folder in the project. The png
files are necessary since this image format is more advanced than bmp
allows for alpha channels - bytes which describe the transparent nature
of a certain color. When the screen is drawn with the bmp and kmz
checked on, a shelled executable call convert.exe which resides in the
\slice\v7.0\ folder is run. This software, from Image Majik is free to the
public for commercial or non-commercial applications. Convert.exe will
convert the *.bmp files to *.png files, with information on the transparent
or null areas. For GPS surveys, the blank area not gridded or surveyed
will remain as transparent regions when the image is flow into Google
Earth. The run time operation will also make of copy of the geo-
referenced image in a subfolder called \georef-image\ with the *.png files
in it. The archived kmz file contains this subfolder with the *.png file in
it.

An example of where the settings are made to generate the kmz
files in the Pixel map is shown in the following menu screen shot:

© Pixel Maps: saitoba -0 &

identifi A|
title1 I— cen ‘“:{ ? -
title2 I identifier lrla— example:

aorabc..
grids | 12 rows | 1 draw
G owry

start# | 1
grid#| 8 Draw

rlatl.grd
Caolor

] E—
o A E
overall gain |1— Xform

normalization
& relative
" absolute 0
(" ABSOLUTE |gge;
90%
100%

< Time Slices:  saitobarug13

rla2.grd

rla3.grd
rlad_grd
rlab_grd

rlaG.grd

rla7_grd

rlab.grd

rlad.grd

rla10.grd
rla11.grd
rla12.grd
rla13.grd
rla1d.grd
rla15.grd
rla16.grd
rla17 grd
rla18.grd
rla19.grd
rla20.grd
rla21.grd
rla22.grd
rla23.grd
rla24 grd
rla25 grd

autoscaling

origin X| g Yo

length X| 700 Y| 700

shift X| o Yo
j Id fil

|~ omp | I ipo [wortd fle

|kmzﬁ|e v

110%
126%
150%
200%

screen ( last gnd
dump g gridbygrid zone# [ 52

identifier It— opacity
new gridname Imzﬁ,grd Append |
interpolations | 3
identifier ; Interp.
onfoff | next> | <pre'
la3d.dat interpolate+3Dfile

<1 <1 <1 <1 <1 < <1 <] <] <] <] < < <] <] < <] <] <] ] <] <] A <A
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A Google Earth overlay for this *.kmz file found in the \jpg\ folder of the
project after generation is shown:

Himetsuka g §E 15

© 2010 SK Energy
© 2010 ZENRIN
Image © 2011 DigitalGlobe.
Image © 2011 GeoEye
270 N 93145 21 F elo

(Data courtesy of the Saitobaru Archaeological Museum and collected in
conjunction with the Geophysical Archaeometry Laboratory Saito Division
in Miyazaki prefecture Japan.) This site has large earthen burials from
the Kofun period 300-700 AD, many of which are still intact. GPR has
been effective in helping to discover subterranean chambers on intact as
well as destroyed burial mounds.

4 Corner Lat/Long/UTM Settings for Georeferencing Local Grids

Another option to place local grids into a georeferenced grid by
setting the lat/long or the utm of each corner of the time slice is available
in the Pixel Map menu (Figure 7). The user must set in order the
southwest, southeast, northeast and northwest corners in decimal
lat/long or easting/northing. To generate Google Earth time slices the
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BMP and KMZ checkbox are clicked on. The 4 corner georeferenced time
slices can also be generated in batch for all the time slices displayed to
the dialog. (Georeferencing is also available with the rotate/translate
option in the Grid menu; 4 corner designations are also available in the
Pixel 2D menu for large survey areas for multichannel license).

@) Pixel Maps: C:\kisatchie\ss-gps - a
el | identiier list [gps =]
title2 [ identifier [ 1gps example
aorab,.
start® | 1
gnds | 20 rows| 1
com (o] BT
: v | lgps2.gr
rd# =
grid# [ 4 Coor | Draw |+]|-] ]
x0[ 589284 y0[ 4442270 focus ¥ | lgps4.grd : ; . -
R S e :
x1 [559324 y1 [43az310 = [lgps5 rd Time Slices: C:\kisatchie\ss-gps
new gridname [mz5grd  Append [ | lgps6.grd ”‘.‘
v | lgps7.grd
overall gain 1 Xform
—! [v | Igps8.grd
normalization 40%
® relative 50% v | lgps9.grd
¢ absohtte ?g: [v | Igps10.grd
C ABSOLUTE |gge; ™ [igpsti.grd
90% [v |lgps12.grd
100%
autoscaling 1?8:;: v |lgps13.grd
ongnX[0 Y[0 125% [v | lgps14.grd
length X[500 Y [500 ;gg: v | Igps15.grd
shitx[o  Y[0 e ™ [Igps16.grd
Ctif @ bmp C jpg | world file B v | lgps17.grd
C dxf [lapsi8ard
e~ lastgn kmzfie [v [v | lgps18.grd
dump s gridbygrid zZone# 16 [v | lgps19.grd
identifier [test opacity [100% v | [ |lgps20.grd
2
® utm  lat v
north1 | 4442270 north3 | 4442386
east! | 589284 east3 | 589348 7
north2 [ 4442270 north4 [ 4442386 2
east2 | 589348 eastd | 589284 v
interpolations [4 identifier [| S

LSS interpolate+3Dfile ‘

Generating user set 4 comner eastings/northings KMZ file

Thnd

© 2013;(»_522%9\‘ /
P . o
}
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OpenGL Volume Overlay of Geo-Referenced Images, Site Plan
Bitmaps or Google Earth Maps

GPR-SLICE can now automatically retrieve a Google map for GPS
datasets. A new executable which is shelled out to call googmap.exe, will
read the 3D volume and center a Google map on the grid. The zoom
level of can be set before storing the map (shown in the following figure).
A value of 18 for instance will give a typical distance of around 450
meters over the image which defaults to 1000x700 pixels. The pixel size
can be increased to values just slightly less than the full native screen
resolution of the display. If higher resolution is needed choose a zoom
level of 19-20 or use a denser display monitor. A zoom level of 10-17
can be used to make a bitmap overlay that shows more of the
surrounding area at the site. To generate the sitemap.bmp, simply close
the Google Map dialog to store the bitmap to the main project folder.
Animations on top of the image or various other displays are all possible.
Several examples of what can be accomplished with the new map
oeveraly are shown for the Saitobaru National Burial Mound in Miyazaki,
Japan. A GPS radargram from the Strawtown Archaeological Site in
Indiana is also given in the following figures.

In the BMP Overlay menu, the depth of the sitemap.bmp can be
adjusted on import. The depth is currently set as a graphical input from
-0.5 to +0.5 where 0 is half way between the 3D volume depth. Time
slices below the image depth will be masked as will displayed radargrams.
The transparency slider bar can be wused to look through the
sitemap.bmp. In this example UTM coordinates are used, but bitmaps of
site plans with local grid coordinates can also be used or any localized
bmp - it does not have to be a map! The Z scan time slice can be
animated on top of the geo-referenced bitmaps. To do this it is best to
set a small transparency on the slider bar and then to look directly down
on the Z plane using the 2D - Z, X, Y (off) button in menu.

Note: For retrieving a Google map does require an internet connection, so
it is best to download your desired images before going to a remote field
site. The Google map dialog should not be maximized and the default
dialog size should be left stationary. Zoom levels should be set before
launching Google maps.
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ompname [ Cikisalchiegeorefarence local grids\iemap.smp browse
(24 BUBUP only)

*! Google Map

Get bounds

bmpxi1-sw [725575.2268245 bmpyi-sw [3
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® GPR-SLICE - Open GL Volume Display:  Irsp-kawa3d.dat -

helpset flocus cot | color| up| n0 | dn | xim <] « psp-|psp+| | it |dn[w] bmp)| jpg [ipgtest  identfier
589284 | 44422710 VNP f—— xy [— —— vaim hvzn | net ] siow| fast | make animation | beta google kmz
589348 444238 (676 lte isoL[ 75 iso | X | Y| Z | H [ rxim | [regaint -] | step-|step+] bounce | store[ rotxy [ rotz trajanim | set |

gid2d [bmp image ~ stat | export | 3D | O S | R JUNEOO.DT1 <) F——— cear| ttle | I~ Z-solid

Adjusting for GPS Antenna and GPR Antenna Offsets

In the GPS Plot menu the navigation files can be adjusted to account
for the X and/or Y offset between the GPS antenna and the GPR antenna.
The offset correction is dependent on the direction of the antenna. The
direction is estimated by looking at the two nearest surrounding points
and then using this to determine the angle and direction of the GPR
antenna with respect to the GPS antenna. The projections of the known-
fixed offset of the GPS antenna and the GPR antenna into eastings and
northings values are then adjusted to the *.*.GPS Files. Clicking the XY
Offset button will apply the offset correction and display the corrected
GPS track (in a cyan color - the original track is shown in dark blue). To
store these changes the user should click the Save button. If the user
wants to recover any change from the beginning of a session, there is a
convenient Recover button located in the GPS Track Menu.

There is also an Info Offset button which will read the specific set

offsets in the information file for each radargrams and apply to the GPS
track. The offsets can be set different for every line collected on the site!

166



167

GPR-SLICE  GPS/Nav/Vector Track Map:  C:\kisatchie\ss-
—offset [ 1 del double gps | del double times | srmor [ int bad gps fiter gps track | line+ | pt+ | X+ | Y+ [ recover |
—offset [ 0 || xyz offset | _int double gps | del double scans delbadgps [ inttimegps [ingth [ 3 demor[ 1  dline [ pt- | X [ ¥ [ save |
z-offset | 0 | del double loc del extra gps del bad elev | del -scan# delpt
Nptraj [ 1 info offset | gpsquality O-fxnotvalidiof = hdop| 10 MNsa 3 decimate [ 0 timelag [0 scanlag [0 resampleinrange [1
total GPS survey length = 87.9 m ® blue dots - inside GPS precision settings
v track # of GPS outside precision = 0 out of a total of 111 ® black dots - outside GPS precision settings - not included in time slice analysis
W‘ ® (ed dots - GPS fallout - time interpolated
[v dots
[+ start/stop : - - r - L
[ cross E -
redraw
plot+
plot- I
532531. I~

store track map
track.jpg
532506

T T T T T T T T T T
dxf 1245395.m 1245420 1245445,

Note: For XY offset calculations the trend of the GPS track needs to be
calculated. The setting Npts Traj in the GPS track menu tells how many
GPS points on each side of the track will be used from the point on the
track to determing the trend of the GPS unit. Usually a setting of 1 -
meanin 1 point on each side of the local point is used to determine the
GPS orientation wrt to the GPR antenna. Using a larger Npts Traj value
can help to smooth out small pertubations in the GPS unit trend and
better position the antenna when the offset (coordinate rotation is being
made).

Note: For all operation - the Del Double GPS, Del Bad GPS, Intp Bad
GPS, Intp Double GPS, and the Intp Time GPS operations will
automatically update the *.*.GPS files. If however, the Recover button is
clicked the original *.*.GPS files will be imported back. XY Offsets
need to have the user click the SAVE button to update the new
updated track.
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IX. Plot Options Overview

© Plot Options:  treasure _ o] x|

time slice colors E Edit | X Screen size I 1920 Contours ¢ Xform
radargram colors| 1 - (" linear
. — screen size |
isosurface colors| 45 [T shaded relief s 1080 " custom
horizon colors| 48 [ reverse colors menu font size " only
@ off

# of contours I 0
RangeAxis @ m ¢ cm  km font weight

: contours(1,48,<256) I
Cf Cy Cm fontwidth [15 _
Cin . mm ( off pen width |1—
font col i
tick spacing I 2 & off LLIEnL, Iwhlte I

big tick freq. " gridines backgrnd color Im
(<0=label override) | | " grid nodes

OpenGL font Sizel 10
label freq. I i [~ concatenate

[+ automatic markers/labeling

9
16
16

north arrow [~ on

. - : angle I 0
e A 0 [~ polar labeling TSPoints font 5|ze| 8 -
_ . x location pixels IT
X label " ® 2 side labels OpenGL font tilt [~
[ locati ixel
¥ label " 4 side labels OpenGL low-end ATI card [~ y location pixels I 0
a Iy [™ user marks _ _
overwrite warnings [~
Time/Depthf&xis « m ¢ cm ¢ mm legend off (&
®ns Cin ft ( off color table ¢~

color taskbar icons v

i i time-+depth
tick spacing I 10 iabeling [ TR T R I—_,white -

L Rotate 0 (&
LIECTED I 1 velocity Rotate 90
label freq. | 1 maodel Rotate 180
4 of decimals (" constant Rotate -90
[0 @ block ,
velocity (mins) — ~ profile Absolute elevations
— setFi)n m Relative elevations @&
locati ixel I detected el in=0.
xlocation pixets | 10 Hyperbala cected eievimin _ GPS track/XY plot off '
location pixels | Search menu detected elev max=0.m
. = 0 requires time+depth labeling GPS track/XY plot overlay '
Head I ' ' '
caderstyle @ time window (" time Horizon/2nd depth axis GPS track/XY plot only 'S
add constant | 0 Ei‘;ktiﬁcr;g g * flag for 2D Pixel Map menu only
Time label I time el 5 set line type in GPS track menu
Depth label I depth max depth(m) | 0

The Plot Options menu is available on the GPR-SLICE taskbar and is
used to conveniently control all graphic displays of time slices, 3D
volumes and radargrams. In this submenu the user can either set output
for automatic labeling or they can manually adjust all labeling on graphic
displays, as well as assign color tables, font sizes etc. In the Plot
Options menus controls are available for:
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e setting GPS tracks overlay displays on or off on 2D time slices

e contour line controls for 2D time slices

e font sizes/colors/background colours for all 2D graphic menus as
well as Open GL menus

e absolute or relative elevation labeling displays when topographic
corrected or topography warped displays are engaged

e depth + time axis labeling for radargrams and Open GL menus and

e reads velocity profiles and assigns corresponding variable depth
labeling on radargrams and Open GL display

e polar labeling options for tunnels and cylindrically adjusted
radargrams

e assigning color tables for time slices, 3D volumes, isosurfaces and
horizon surfaces

e setting 2 sided or 4 sided labeling of time slices

e shutting on/off user inserted markers display on survey wheel or
alternately navigated radargrams

e sets a 2nd depth label for horizon detection displays in the Static
menu

GPR-SLICE presently has 50 different color tables which are
preliminary color tables - the user is encouraged to create their own color
tables which will best fit their needs as well as for matching their
particular default printer. The color tables can be viewed by clicking on
the Edit button in the Options Menu. GPR-SLICE uses a color palette,
which is composed of 256 different colors. The color tables can be edited
and stored to new color table nhumbers. The Edit Menu works by the user
first clicking on a color, and then inserting that color into the palette
graph. After several locations are filled in, the user can then click the
“interpolate’ button which will create a continuous color table between
the inserted colors. The interpolation is a simple linear interpolation
between the hue, whiteness and saturation between each color chosen.

Shown in the example on the next page is the color table. The user
has clicked on several colors and placed them in the palette locations,
which are shown as thin narrow lines. Clicking the “interpolate” button
then made a continuous gradation of colors between the inserted colors.
By clicking the “save table #”, the user can stored a color table, in this
case to table #21. By clicking the “replicate” button, a step-wise color
table, with color values being identical till the next inserted color is found
will be generated. This option is useful if the user wants to use say only
16 colors across the possible 256 color table.

The user can import a palette from the 50 different color tables by
clicking through the import + or import - switches provided in the menu.
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The imported palette will appear on the top palette location. The user
can also change the hue, saturation and whiteness for any of the palette
imported or for the master palette. The actual values for the hue,
saturation or whiteness in the range of 0-255 can be inputted in the
menu by the user. Slider bars allow the user to generate any conceivable
RGB color combination. Once a color is generated, clicking on the color
box with the box will store that color which can then be dropped onto the
color palette graph.

A new feature also in GPR-SLICE v7.0 is the ability to import any
bitmap and chose colors from ones imported pictures/palettes and insert
into the palette development bar for complete color table interpolation (as
shown in the next menu screen shot).

Note: The user should make sure to place a color at the beginning and
end location within the palette to interpolate or replicate. The user can
remove a chosen color within the working palette by hitting the right
mouse button over the chosen color. In this case when the user wants to
create a replicated or stepped color palette, the last color chosen should
also be placed at the color position 255 and also at some lesser location
e.g. 240, and then the replicate switch should be clicked. This will cause
the last color chosen to be replicated from position 240 to 255.
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© Color Table
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Render Colors

The color table to be used to display 3D volumetric renders. Currently a
convenient color located at color table #41 is provided. The shading of
this color table may or may not be sufficient for some computers and may
greatly differ even more after output to a printer is done. The user
should create their own ‘shadow’ color table which will best show light
reflecting off the 3D slope renders that they will be creating.

Note: An option to reverse the displayed color tables is available in the
Options Menu. The user should be careful about this switch and not
forget to turn it off after they have created their output maps.
Inherently forgetting about this switch could cause the user to reverse
their subsurface interpretations as well since weak reflectors would show
strong colors and strong reflectors would show weak colors.
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Plot Labeling

Complete automatic labels for all graphic output are available. The user
can display the range information using either: cm, m, km, in, ft, yd, mi.
Tick marks, big tick marks, and the frequency of axis labels can be set in
the Options Menu. A checkbox for overlaying a square grid lines over the
maps can be turned on. The frequency of the grid lines follows the big
tick mark frequency for 2D time slices. Gridlines option will also turn on
a background for 3D isosurface displays.

For multi-plot time slice screens, the user may want to turn off all the
labeling and just have it on the very last pixel map to make the screen
‘less busy’ looking. In this case the user can set the label frequency to -1
to accomplish writing range labels only on the last plot. The number of
decimals to display for range and time/depth labels can also be adjusted.
A north arrow can also be plotted on the screen for time slices.

Contour Overlays

Several options for display of contour line overlays are available:
transform, linear, custom, only, off. For pixel overlays, a basic contour
map is overdrawn on top of the color pixel map. For a transform setting
engaged for contour overlays, the contours lines will follow the unique
data/color transform being used to display the individual time slice. For a
linear setting, the contours separation will follow constant offsets between
contour lines. Custom is for the user explicitly setting the contours to be
shown. Contours are normalized between 256. For no contours, the “off”
setting is clicked on. The number of contours to draw can be set in the
menu.

Rotate 0, Rotate 90, Rotate 180, Rotate -90

The user can rotate the time slice maps, clockwise by 90, or 180 or
counterclockwise by -90 degrees. The original axis labels and origin are
preserved so that rotated display will show descending labeling of the
axes. Rotation at other angles requires the use of the rotate/translate
function in the Grid Menu, where a different gridset will need to be made.

Note: If rotated displays are active, split screen functions of showing
corresponding anomalies between time slices and radargrams will not
work properly. The rotation angle should be set back to “0” before these
operations are launched in the software.
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Radargram Menus: Overview
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2D Radargrams

In the 2D Radargram menu, which can be launched at the Radar icon
on the main menu, the user can

e create multi-radargram displays with any number or combinations
of radargrams drawn to the screen and that will appear in a single
dialog and from different processed folder combinations

e launch the XYpoints dialog to choose anomalies across any
radargrams drawn to the screen

e create 2d animations

To show the most customizable options in the 2D radargram menu, an
example screen shot in which the user is displaying radargrams #2, 10
and 19 from the information file is shown. These radargrams are checked
on while all the other radargrams are checked off. There is an easy
on/off button to check on all or check off all of the radargrams. Using the
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customizable size option, the exact length and width of the radargram
plots in pixels is set (to 500 and 200 respectively). The radargrams plots
that are drawn to the screen will be shifted 550 pixels in x and 255 pixels
in y between adjacent radargrams. For this example, the user sets the
total number of radargram to 20 and the number of rows to 3, which
when drawn will show 3 radargrams drawn in column. In this example
because 3 radargrams are clicked on and 3 rows are set, there is no
opportunity for any x shifting of the radargrams. If in this example 2
rows were set, the 3™ radargram would be drawn to the right of the top
radargram, 550 pixels from the first radargrams origin.

In the radargram menu, some regaining of radargrams for graphic
display can be done several ways. An overall gain factor, linear gain
with depth, and an exponential gain with depth, can be applied to the
display of the radargrams. The total gain, to a radargram scan is

total gain = (gain)*(1+irange*rlgain)+exp(irange*expgain)

where gain = overall gain factor
rlgain = linear gain factor
expgain = exponential gain factor
irange = (i-1)/(n-1),i=1ton
n = number of samples/scan

By setting the linear gain factor to 0, essentially shuts off linear
gaining across scan depth of the radargram. Setting the exponential
factor will exponentially increase/decrease the gain with time/depth in a
radargrams. (See 7.12 for the -equation controlling gain with
time/depth). For example, setting the exponential gain to 2 will increase
the relative gain progressively with the value of bottom reflector gained
by e~2 (where e is the natural logarithm, 2.7818) compared to the top
reflector. Normally, if the user has converted their radargrams with gain,
they will not apply a regaining factor here, and will just keep the gain set
to 1 and the other linear and exponential gain set to 0.

Radargram Transform Control Menu

Adjusting transforms on 2D radargram displays has been improved
and follows similar operations available in the Pixel Map menu. After a
2D radargram display is drawn, the user can click on the graphic and the
Radargram Transform Controls menu will launch. The user can set lo-cut
and hi-cut threshold bars which are always active. An example of the
same radargram using different transform curves is shown in Figure 9.
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Should a different set of radargrams be inserted, the transform controls
will normally need to be adjusted as this information is not stored in the
radargrams but is a separate generic file containing the transform and
colorization information.
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Radargrams can be displayed in either color scan, line, line with
negative pulse filled, line with positive pulses filled, line with +/- pulses
filled, or a color line mode The user can adjust the amplitude of the
wiggle traces by changing the overall gain factor in the menu. Usually a
low gain factor value like .1 or .05 is necessary to get the pulses to scale
properly. Wiggle trace displays normally require skipping N number of
scans to see individual traces more clearly, as shown in the following
screen shot:
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GPR-SLICE will automatically compute optimal plot size lengths to

show multiple radargrams on one computer screen.

Custom settings can

also be made the will draw radargrams beyond the computer screen.
Scroll bars will appear for these displays.

Two settings for controlling the screen outputs are available: Last or
All. Checking the Last switch will cause a screen dump to be written only
after the last radargram is outputted to the screen. The file will have the
filename prefix given by the Screen Dump identifier setting.

Concatenating 2 or More Broken Radargrams

The Radar menu is capable of showing 2 more radargrams collected
along the same transect with different starting and stopping locations, in
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the same radargram display. Often in GPR surveys obstructions along a
line may require several broken line segments to be recorded. These line
segments can all be shown in the same graphic screen if the following are
done:

1) Use the Sort X or Sort Y buttons provided in the Edit Info File menu to
insure that the broken files are consecutively placed in the information
file.

2) Check on the Concatenate checkbox in the Options menu to tell the
Radar display to show broken consecutive files on the same graphic
display.

3) In the Radar menu, set the Range Start/End values to be inclusive of
the entire start and end ranges.

An example of 3 broken files along the same line are concatenated and
shown with a single complete radargram:
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2D GPS Radargram

GPS radargrams can be displayed in the 2D Radargram menu (see
the following figure). The user does not explicitly set the x and y starting
and ending values in terms of eastings and northings. In this menu the
user sets the number of GPS listings given in the information file. For
example, let’s say a GPS radargram has 200 listings (or 200 seconds) of
data. The user can then say set the range start to 0 and the range end to
19. The 2D GPR radargram will display from the beginning up to the 19t
GPS reading. The way GPR-SLICE works here is that every radar scan
that has an associated GPS reading is tagged (in the 2" sample of the
scan — as is any kind of radargram is GPS or otherwise in GPR-SLICE).
The 2D GPS radargram will display the radargram up to number of GPS
readings desired as set by the range start and range end values in the
menu (see the following diagram). The eastings and northings values
are conveniently written as labels on the displays of 2D GPS radargrams.
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GPS Full Scale, Equidistant Scale, and 1scan-1pixel Scale
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GPR-SLICE now has new options for multi- GPS radargram displays.
There are 3 choices called GPS full scale, GPS equidistant scale, and GPS
1-scan 1-pixel scale. GPR full scale will show GPS radargams completely
across the desired width of the graphic pixel length chosen. If some
radargrams have very few GPS readings or more scans, regardless of the
differences, each radargram plot will be shown with the same horizontal
graphic scale. If GPS equidistant scale is chosen, the radargram will be
scaled by how many GPS readings there are for each radargram and the
GPS start and GPS end settings on the Radar 2D menu. This display will
help to better show the relative sizes of features with the same number of
GPS points per horizontal length. The option GPS 1-scan 1-pixel scale
will show one scan per pixel. This display is equivalent to the GPS
equidistant scale option but will display whatever number of scans there
on each radargram horizontally. For some graphic cards, there could be
a limit and probably radargrams with more than 50k scans should not be
used. If radargram with more than this, the GPS 1-scan 1-pixel option
can be used alternatively with the Segment option to show vertical
columns of the same radargrams made in segments.
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Segment Option to Show Consecutive Portions - Long
Radargrams Displays

It is possible in GPR-SLICE to automatically show consecutive
segments of a long radargram on a multi-radargram display. Using the
Segment button as seen in the following figure for example, 6
consecutive segments of a GPS radargram are displayed to screen. This
is very a effective display options for showing long radargrams or portions
of a radargram on a single screen. Although the example shown is for a
GPS radargram, this option is also available for regular surveys as well.
For GPS radargrams, the range start and range end values correspond to
total number of GPS readings to include in each separately display
radargram segment that is drawn to the screen.
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Radargram Cylinder Warp (Binary Corrected - Non-Vector Method)

Cylinder warping of radargrams can be done to have radargrams
emulate profiles collected over cylindrical objects. One method describes
how to do this by actually creating a new binary radargrams that is
warped and written into it cylindrical shape. (Another menu for tackling
the same problem but graphically - without actually writing a new
radargram - is discussed in the Vector Imaging section of this manual).
The angle start and end values (see the following figure) are will wrap the
radargrams over and angle across the cylinder. Once the process is
completed, the cylindrical warped radargrams will be written to the \topo\
folder in the project. Automatically a message box will appear at the end
of the warping process which will indicate that a new information file
appended with the name “cylinder” was written
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Cylindrically warped radargrams will have a new samples/scan that is
twice the original radargram. Thus in the example, the new scan length
of the warped radargrams is 2*(number of samples/scan - 0 ns offset).
In the example shown, the new samples/scan of 370 is written into an
information file called info-cylinder.dat. To display the warped
radargram, the user must first make this information file active in the Edit
Info File menu. The next step is then to go to the 2D Radargram menu
and display radargrams in the \topo\ folder.

Radargram Tunnel Warping

Tunnel warping from a survey made on the inside or from the outside
of the tunnel can be implemented. The user can also set the starting
and ending sample values within the radargram to warp. A separate
menu called radargram cylinder warping is also available from the main
pull down menu. This menu is similar to the tunnel warping when the
inside radius of the tunnel is set to 0.

When the warping process is complete a message box will appear that
will indicate the name of an automatically created information file to
describe the warped radargrams. Tunnel warped radargrams will have an
information file appended with the word “tunnel”. Warped radargrams
have a new scan length associated with the radargram. The new tunnel
scan length for the radargrams is 2*(sample end - sample start + inside
radius in samples). This is written to a new information appended with
the word “tunnel”. The warped radargrams are written to the \topo\
folder. One will need to make the tunnel info file active in order to
properly display the tunnel warped radargrams.

In the example shown the tunnel warping was implemented from the
inside. Thus the ground surface reflection can be identified as the strong
reflection on the inside of the tunnel. If the tunnel warping - outside
button were pressed, the radargram warping will be generated assuming
the antenna is on the outside of the tunnel.

Shown in the next menu screenshot is the menu for radial tunnel
warping of radargrams where the survey was made from the inside of the
tunnel. A button for project the radargrams from the top of the tunnel
can also be generated using the Tunnel Warping Outside button. The
tunnel was surveyed from angle -60 to 240 as an example. The radial
warped radargrams are written to the \topo\ folder and can be displayed
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from the \topo\ folder using the newly generated info-tunnel.dat file
containing the new samples/scan for the warped radargram.
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Tunnel warped radargrams can be displayed in the Open GL 3D Radar
menu as shown in the next menu screenshot:
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© GPR-SLICE - 3D Radargram Open GL Display: treasure
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For re-display of the binary corrected - tunnel warped radargrams, there
is an option to set a flag in the option menu to generate polar labeling for
the 2D Radar menu. An example of a multi-radargram display using the
Radar menu is shown in the following screenshot:
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Split Screen: Radargram-Time Slice

A very useful feature that is similar to the split screen option in the
Pixel map menu is the radar to time slice split screen feature. In this
operation, the users will normally first set the desired display of a single
radargram as well set the display of a series of time slices in the 2D Pixel
menu. Then, entering the Split Screen: radargram-time slice pulldown
menu option (see the following figure), the user can click on any
radargram anomaly and have the corresponding feature be identified
within a series time slice map. The time slice maps will appear
automatically once the radargram is clicked on with the bulls-eye. The
split screen option will read the appropriate time window on the
radargram and discover which single time slice in a series of time slice
drawn to the screen contains the corresponding reflection time of the
chosen anomaly. If the user has not drawn the full series of the time
slices to the screen, the bulls-eye may not appear since the search
algorithm will be unable to find a time slice with a corresponding depth.
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Storing Anomaly Locations on Radargrams - XYPoints Option

An option to choose anomalies on the radargrams with the mouse and
store the locations of these anomalies is available. To launch the option
the user simply right clicks the mouse over any radargram or multi-
radargram display. Then, using the left mouse button the user can store
anomaly points which are also written to a real time dialog to the screen.
A comment can be inserted in the on-line dialog which is also written into
a file called XYPOINTS.dat file on exiting the menu. On launching
the XYPOINTS option again, the user has the option to either append to
the current XYPOINTS.dat file or to start a new file. The process
also tracks multiple radargrams written to the screen so the user can click
on any radargram and store points in any sequence. All the anomaly
information is written to the XYPOINTS.dat file which is located in the
main project folder.
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An example of XYPOINTS option for storing mouse clicks over a multi-
radargram display is shown in the following screenshot:
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XYPoints in 2D Radar Menu for OpenGL Volume import

XYPoints operations have been in GPR-SLICE for quite some time.
These operations have now been extended to allow the user to pick pipes
on the 2D radargrams and have these imported to 3D pipes displays in
OpenGL Volume Draw. The operations to export are:

1) Enter the Radar 2D menu and display the desired radargrams (Figure
1)

2) Right click the mouse on the graphic to start the XYPoints anomaly
menu

3) Left click the mouse on the first detected pipe across the various
radargrams, picking in incremental spatial order
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4) In the comment section of the XYPoints dialog type: pipe, radius,
color # - everything must be comma delimited. For drawing points that
will get imported into OpenGL Volume Draw rather than pipes, the
comment section should be assigned as:

(Figure 1).

sphere, radius, color #

5) Enter the OpenGL Volume Draw menu and click XYPoints button

(Figure 2)
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2D menu for appending and adjusting the XYPoints file. Drawn sections
can also be removed in OpenGL by using the section and delete
buttons.

Currently, the XYPoints option can also accept 3D points which can be
imported into OpenGL Volume Draw. For this operation the user types in
sphere, radius, color# into the comment space. This only needs to be
typed in one time at the start of the first feature and then all other clicked
points can be left blank in the comment section.
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GPS track sync with XY points operations

For XY points operations for GPS surveys, an option to sync the
chosen points on the radargrams with the GPS track location can be
launched. To launch this capability, one simply right clicks the mouse on
the radargram 2D display and the software will bring up the XYPoints
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dialog. Clicking on the “sync GPS plot” checkbox will open the GPS track

menu in its own dialog.

Choosing any anomaly on any radargram in the

Radar 2D display will show the corresponding location of that anomaly on

the GPS track.

The example shown below was generated from a single

GPS track survey and using the Segment option in the Radar 2D menu to
show portions of a single radargram in consecutive column displays.

B GPR-SLICE:  Ground Penetrating Radar Imaging Software: c\kisatchie\ss-gps
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter Static Animation Help

project| faider | options| T radar
-
-

) Radargrams:  c\kisatchie\ss-gps - [u] X
eastings=589305.26 northings=4442338.52
o _adarlLINEQO.DT1
4“ 10
P MWW\WJWM ] XY Points:  c\kisatchie\ss-gps - o X
\ i »
Em d i for uiity mapping conve penGl D yrite in comment space: pipe or sphere or ine, radius, color
S 174 reset list | unda [¥_sync GPS track - then leave blank till start of new feature
S # radargiam, eastings, northings, tns, zom,  scan, amplitude, comment
® 21 1, Vadarline00.dtl, 58932070, 444236835 3987, 173, 3098, 7290
2, \adarline00.dt1, 58931878, 44424341 4023 175, 403, 5354
261 3, Vadarline0Q.di,  689308.84, 444237761, 3631, 168, 733, 3740
™ 4, \adarline00d1, 8930707, 444236706, 3560, 186, 7523, 4812
oy o Mo g g e o WOAUMlOdl SSITO3 aaies  ee0 15 7553, 5071
6, Vadarline00.dtl,  589306.90, 444236111, 3860 155, 758, 6593
g MI1 LT T U0 M0 7 arlinen0dt,  Gow06E,  AMZERT0. el 18 08, 579
8, \adarline00.dti, 58930651, 444235587, 3596, 166, 7629, 2677
\radarlLINE00.OT1 9 \adarline00.dtl, 58930645, 444235310, 3631, 158, 7659, 5121
10, \adarline0.dtl,  589306.10, 444234945 3702 161, 7690, 8853
“ 1, VadarlinedO.dtf, 58930559, 444233702, 3845 167, 7820, 5745
87
g m
=
£m
5
® 21
261
304
539321 589320 609323 589326 589323 689320 609318 569317 689316 669317 GO9320 689322 609316 66934 689313
L4377 AT 42337 AAAD3NT AAADED1 AMADIA0 42361 442300 444367 AAAD3AT  AAADI6 AAAD3M2 44233 Add3s) 444D
0 20 4 61 80 100 120 140 160 180 201 220 240 261 :
Viadar\LINEQ0.DT1 eastings (m)
4“
o MMWKMMII‘MW.{‘WMMWW‘
| f i |
_ ] . | { )
£ 130 ‘ - AR 0 g
= il 1» cccccco' - - @
£m A 35
B o ! v ) 3
° 21 it h f " i\
261 | I
304
539312 689311 569314 689320 589314 689307 589309 589308  5G9306 689306 589310 689307 689303 589303 589303 639301
1442370 AAADIE0 AAADII AAAD3M3 AAADIDT AAADIG AAAD3GE A4AD37T AAAD367 AAADIIT AAD3NT 444032 AAADRAD A4AD36D 4442380 AAAD364
0 2 “ 61 80 100 121 140 160 180 201 220 # 261 281 300
< >

Nector Track Map: ~ ckisatchie\ss-gps

double gps | del double times | ermor | 1 int bad gps filter gps track
Gouble gps | del double scans | del bad gps | inttimegps |len| 0 em| 0
doubleloc | delextragps | delbadelev | del-scan# | decimate [0

A hdop| 100 Nsa 3 _del outside precision |
@ blue dots - nside GPS precic
® magenta dots - outside GPS

quality 0 not valid/oft

suney length = 2383.2 m
witside precision = 0 ot of a total of 2352

442380

442370 o

442360

442350

T T T T T T
84 580204 589304 589314 589324 5893 580344
eastings (m)

190



Radargram Editing
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Radargram Editing has essential functions to:

e detect time Ons on radargrams and to automatically correct them

- scan-by-scan
- line-by-line

dat_0249.rd3

dat_0250.rd3

dat_0251.rd3

dat_0252.rd3

dat_0253.rd3

next= | <prev |

- channel-by-channel (for multichannel equipment)
e crop the radargram following a defined start and end samples on
the digitization of the pulse

e crop the radargram from a defined start scan and end scan
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e resample the digitization on the radargram pulse

e truncate to the first horizon defined in the Horizon Detection and
Mapping menu

At the end of processing all the radargrams a new information file
called infoedit.dat will be automatically created which contains the new
samples/scan for the edited radargrams. The time window will also be
automatically adjusted in the infoedit.dat file. The edited radargrams are
written to the project \edit\ folder.

Complete descriptions of all the radargram editing operations are
discussed.

Time Ons Auto-detection and Radargram Truncation

An option to detect the sample number for each individual scan where
the time 0 ns is located is available in the Radargram Editing menu. With
this process in GPR-SLICE, the user can automatically detect the 0 ns
scan-by-scan across each pulse or define time Ons by the average
detection using the line-by-line operation across the entire radargram.
The software will truncate the radargram and generate a new radargram
with the variable Ons offset truncated across the entire radargram. This
operation will run in batch.

One might ask why one would want to detect the Ons scan-by-scan as
opposed to just finding the average time Ons. Well, there are some
datasets, where the Ons drift occurs dramatically within the radargram
profile. This situation can occur with any equipment that undergoes some
kind of electronic drift/noise. An example dataset where the time Ons is
variable is shown in the following:
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‘radaridat 0240 start=0.m ‘radardat 0248 start=0.m

Omt1 2 '3 4 5 6 7 8 9 1011 12 13 Omt1 2 '3 4 5 6 7 8 9 1011 12 13

The Ons offset in the top left radargram shifts by about 3ns suddenly
near the 10 meter range. The other radargrams also shows significant
changes in the Ons offset between different lines. Making time slices of
Ons offset uncorrected radargrams will produce inconsistent and noisy
time slices which will appear to have apparent mosaic, striping and other
problems, in addition to not showing reflections at equal depth across the
site.

Clicking the button Ons Scan-by-Scan+Truncate will start the process
to detect the variable time Ons location and correct for it. The process
works by looking at a threshold change on the signal prior to the pulse
rising. Several options for detecting the Ons position have been added to
the Radargram Editing menu. The user can choose between 2 methods
for defining the ground surface reflection:

1. Breach of a defined threshold on the initial pulse minus N samples
to backup the detection.
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2. Detection of the peak response of the initial pulse minus N samples
to backup the detection.

method 2

I AR

Ons sample = N1 - Nbackup |
N2 - Nbackup

For both methods, the user can set a number of samples from the
threshold breach or the peak detection level to back up the Ons setting.
For instance, a setting of 0.2 for the threshold and 4 for the backup
Nsamp item will find the first sample where 20% maximum of the peak of
the pulse is breached and then will back up the Ons setting to 4 samples
earlier than this. @ When the peak response of the initial response in
method 2 is desired, the user may need to back up a different number of
samples to get the desired Ons detection. Usually the backup will be
slightly more when the peak response in method 2 is used.

After the operation, a message box will relay the smallest and the
largest Ons offset across the entire set of radargrams first. This
information is needed prior to adjusting and truncating a new set of
radargrams with a new sample length. For instance, in this dataset, the
minimum and maximum sample positions detected are the 26t and 44th
sample. When the process of radargram editing/truncation is finished, a
new set of radargrams will be written to the \work\ folder containing
radargrams which have the Ons adjustment for each scan, and total scan
length of (N sample - 44). A new information file called infoedit.dat will
be written. To continue the data processing, the infoedit.dat file should
be highlighted in the Edit Info File menu to make it the active information
file.

The radargram editing for Ons offset, requires several important data
processing step in order to properly generate time slices. These steps
are:

1) Convert the \raw\ data using Batch Gain (not Batch Gain - Wobble)
and with NO gain curve- e.g. all the gain points set to 1.
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2) After reversing the files if necessary, continue to the Radargram
Editing menu and run the scan-by-scan or the line-by-line process to
adjust for the Ons offset and to write a set of Ons corrected radargrams in
the \radar\ folder to the \work\.

Radargram Editing: C\kisatchie\0ns-offset - O
Output [editt fruncate
Input Directol
sample start [ 3 append P ry
end 19 ident l—
5 ’W dat_0240 rd3

|Ou‘tput ’W truncate horizon1
Output ledtt auto Ons

line-by-line +

. = dat_0241.rd3

truncate time O crorrected - scan-by-scan
Qutput ‘\edrr\ auto Ons o _leditidat 0240 x=0.m 0
scan-by-scan +
truncate 5
Output ‘\edrr\ auto Ons 10
channel-by-chan . 1a
nel + truncate 2 20
I e
Threshald( 05=>5%) 0% g =
start from sample N 0 = 30
@ method 1: Nthreshold breach - Nsamp 35
" method 2: Npeak response - Nsamp "
Lackiwltsp) 0 0 1 2 29 39 13 59 68 78 88 98 07 17 127 137
x (m)
|Output ’W ST , time O position error
Truncate Ons scan-by-scan: ... 5
| 10

input radargram
‘\radar\dat_0240.rd3 ‘ans

edited radargram
‘edit\dat_0240.rd3

processing scan 40
286 of 286 1 4

cancel

depth (ns)
B3

0. 1. 2. 29 39 49 59 6.8 78 8.8 9.8 10.7 nr 127 137
x (m)

‘topo\*.hoz 0 ns scan-by-scan offset files generated C\kisatchie\Ons-offset\infoeditdat information file stored

min Ons sample= 28

max Ons sample= 47

(At runtime operations, only the corrected radargrams is actually displayed)

3) highlight the infoedit.dat file in the Edit Info File menu for the new set
of radargrams in the \edit\ folder that have been adjusted.

4) Return to the Filter menu and run the Regain menu on the \edit\ folder
to make gained radargrams in the \regain\ folder.
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5) From here the user can proceed do to other RSP if desired.

Step 1 is necessary since applying gain prior to correcting for the Ons
offset would result in unequal gaining after truncation. The gaining of the
radargram must be done after the Ons adjustment is made.

Similar operations are done for line-by-line Ons detection. In this
operation, the average Ons offset across each individual line is first
calculated and this is used to make the adjustment.

Note 1: Line-by-line operations for time Ons radargram editing should
normally be used over scan-by-scan operations in the case when the time
Ons offsets are not changing across the individual radargrams. Line-by-
line will compute the average time Ons correction and insure that small
vertical perturbations from pulse truncation on noisy radargrams before
the ground wave do not infiltrate the edited radargrams.

Truncate Horizon#1 from Horizon Detection and Mapping Menu -
Imported to Radargram Editing Menu for Vartiable Time Ons

The button, truncate horizonl, allows the user to truncate the
radargram to the first horizon defined in the Horizon Detection and
Mapping menu. The first horizon in this menu can be automatically
detected as well as edited or manually drawn by the user with the mouse
to define time Ons across the radargrams. The horizons are written as
*.hz1 files for each radargram in the project. The operation Truncate
Horizonl will read these time Ons profile written for each scan and will
truncate the radargrams to these sample numbers.

Removing the ground surface reflection that has a varying position per
scan has been available in the Radar Editing menu. The scan-by-scan
truncate option is usually applied for this operation. The scan-by-scan
operation looks at a threshold on the scan and will trigger a detection.
Sometimes, this simplified methodology does not work very well on very
noisy datasets and a more advanced methodology is needed to define the
time O location. For this reason, the options available in the Horizon
Detection and Mapping menu are now available for importing the defined
horizon #1 for truncating the radargrams. This menu allows detection of
the peak+ or peak- of the pulse as well as having options to engage a
filter on the detection. For radargrams where the time 0 is quite variable
and not easily defined, the user can also manual adjust the detected
horizon#1 with mouse drawing options. Once the horizon#1 is defined
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or auto detected in the menu, this horizon is then available for truncating
in the Radar Editing menu. An example of the location and settings for
this new operation for time 0 or truncation to any desired horizon is
shown:

© GPR-SLICE  Horizon Detection and Mapping: \kisatchie\horizon\

097 chi.d IR horizon correction
file___098_chi.di~| batch correction auto detectbatch |30  length y pixels [400
rangestat [0 reset | draw | edit follow horizon 1 threshold resize
rangeend [ 28 drawlength] 20 __save horizon# follow horizon batch |(& peak+(" peak- jpgname store jpg
Scroll
% i \resample\file 097 ch1 x=0.m 7
v 1 |red A 2

w
o
<
]
5
ANENENENE!
=]
<

]
(su) awy

Caltrans-Standard
recompile Caltrans

linear density (m)| 1 : P BT Y —gpr |

T ——
T St g o AN

AN gt

Output [ledity tuncate | Input Directory
¢ [\vadan file__ 097 chi.dzt

|OU‘I>Ut [\edity Jtruncate horizont | @ I plel file__ 098 chi.dzt
file 100 chi.dzt
Output [\edits e & Truncate Samples ==
line-by-line +
truncate
Output [editl Tl
scan-by-scan +
truncate
Output | \edit\ auto Ons
channel-by-chan
nel + truncate

depth (ns)
(su) awp

Threshold(05=-6%)  [05

(¢ method 1: Nthreshold breach - Nsamp
(" method 2: Npeak response - Nsamp

backup Nsamp 20 0 2 4 6 8 10 12 14 16 18 20 2 2 % 2

x (m)

BlueBox Run
(e scan-by-scan <4 | '
e L]
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Normal Moveout Correction

I TxRx I
To/2
T/2 T/2
Normal Moveout Correction: T02= Tz- (TxRx)2/v2

Almost all commercial antenna have an offset between the transmitter
and receiving antenna. For most antenna, if we consider the distance
between the antenna to be small or 0, the travel time of the radar waves
can be considered to be a simple two-way up and down - straight vertical
path. However, for bistatic antenna, the transmitter and receiver are far
apart. The effective depth for a wave traveling from bistatic antennas, is
given by the travel time at 0 offset between the transmitter/receiver -
To. To has an effective depth less than a monostatic antenna where the
transmitter/receiver are at the same location. The samples collected
from a bistatic antenna can be adjusted with the “normal moveout
correction — NMO” which will place recorded radar pulse samples in their
correct vertical position. The corrections in GPR-SLICE currently assumes
a constant velocity across the site. The NMO correction is available in
the Radar Edit menu. Before NMO is applied, the radar profiles should
have time Ons edited out, and the information file should generally be an
info**edit.dat file indicating that time 0 was removed. The user needs
to set the velocity and the distance between the transmitter and receiving
antennas TxRX. Clicking the normal moveout button will start the
process. The input directory will automatically be set internally and is the
\edit\ folder - the output folder containing the normal moveout corrected
radargrams will be the \nmo\ folder. After the process, a new
information file called info**nmo.dat which has the adjusted time window
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and that corresponds with the normal moveout corrected radargrams will
be written.

Displaying User Inserted Marks on Survey Wheel Radargrams

Often in GPR survey collected with a survey wheel, the user may
want to mark locations on the radargram with additional user-inserted
marks. GPR-SLICE is able to display these additional marks. The
settings necessary to get the Radargram menu to display these are marks
are 1) negative big tick frequency in the Option menu, 2) User Marks
checked on in the Option menu, and 3) choosing the \radar\ folder for
display.

&) Radargrams:  eric-user markers I [=] Y < Plot Options:  eric-user markers
Title1 I Info File‘ \eric-user markers\info_dat time slice colors I?— Edit |
Title2 | Starting# I 1 radargram colors I 1
1 [270antennachenady. render colors I 41 [~ shaded relief
# of Radargrams [ q 5 I~ [270antennachengdu Input Dir. )
¥ [1500mhzbridge.dzt horizon colors AB [ reverse colors
9 ‘radar
#ofRows [2 A
(.
Radargram# [ 1 I 47 || rEETE Range Axis & m  em ¢ km
Segmnt 5 1 \ilter\ ft  yd  omi
Samples to Ons | 17 _ GI_ [ — in —~ mm ) off
Samnle: Start [ 17 Fndl £10 - I |\migrate\ tick spacing II— (e off
&£YRadargrams:  eric-user markers I ] [P big tick freq.  gridlines
= || | (=0=label override)| | > I ¢ grid nodes
label freq.
‘radar'270antennachengdu y=0.m =L 10 I COmEEiEmEE
# of decimals 0 I polar labeling

s 2 side labels
X label I

i 4 side labels
Y label I Ilw user marksl

Time/Depth Axis — m i~ cm = mm
= ns £ in  ft " off

fick spacing I 1
big tick freq. I 5
label freq. I 5

Om1 2 3 4 5'6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2= FaldeEmEs (g

Open GL 2D Radargrams

An Open GL Radargram for displaying radargrams in 2D is available.
This menu allows the user to display very long radargrams and to
instantly scroll across these radargrams. Radargrams several hundred
megabytes long or longer can be shown in this 2D radargram scroller
module. This menu is a separate module and is shelled out to in GPR-
SLICE v7.0. The module is run synchronously - requiring users to exit
this module first before other functions can be run in GPR-SLICE. The
2D radargram scroller module has options to show regular surveys and
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GPS radargrams. The position of the mouse in xyz space for any kind of
survey is shown in the menu.

€)GPR-SLICE  Ground Penetrating Radar Imaging Software: \kisatchie\gssi-gps
File Reverse Navigation Slice Grid Pixel | Radar 3D Volume Filter Static Animation Help
projectl dir | option | Tslice | radar |openGL| 2D radargrams

3D radargrams

radargram editting

radar cylinder warp

radar tunnel warp

vector longitudinal tunnel warp
vector track longitudinal tunnel warp

Open GL 2D Radar

Open GL 3D Radar

Open GL 3D Vector Radar
€) 2D Radargram Scroll - \kisatchie\gssi-gps - o] x|
File Controls View Options Help -
w5 - =
Radargram \resample\ ¥ | Radargram Fle:lhelgm_OOZ.dzt ZI
Ons ;
25
50
75
429012m 429027 429037
6005032m 6005038 6005043
om 16 28
Ground Position: (429023.84m, 6005037.00m); Depth: 71.68ns NUM +4
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Open GL 3D Radargrams and GPS Radargrams

A standalone Open GL Radargram menu for displaying just
radargrams in 3D is available. An example of GPS radargrams
displays are shown in the following screen shot. In the OpenGL Radar
menu the user can display a radargram from any folder or combinations
of folders. To do this there is a "Store" button which will preserve the
radargram with the current folder. In addition a standalone OpenGL
Vector Radargram menu is also available just to display vector radargram
displays

O)
File Reverse Navigation Slice Grid Pixel 3Dvolume Filter Static Animation Help
project | folder

2D radargrams
split screen: radar-time slice

[a:argﬁm:dmng GPR-SLICE - 3D Radargram Open GL Display: c:\kisatchie\mala-gps -8
radar cylinder warp

x| x+ | - + Z- | Z+ |Prsp-|Prsy It t |[down| uj cut+ cut- m
I — 330241 | 4687305] 0 focus [ [ x| - | + | 2|2 |Prspforspd| 1t | rt |down| wp | | 0 jdentier
vector radial tunnel warp 330274 | 4687350 150 slep+| ste[xlbuunce| smre| stop |s\uwer| famerl color
vector longitudinal tunnel warp eait, __JRIDAT i042rd3___ |38 clear

vector track longitudinal tunnel warp
‘vector circular survey

5
AT 1045

Open GL 2D Radar
Open GL 3D Radar
Open GL 3D Vector Radar

multichannel 3D radargram pulse volume

Note: This menu and the OpenGL Vector Radar menus are now
completely encompassed in the OpenGL Volume menu where 3D volume
elements and 3D radargrams and 3D vector radargrams can now be
displayed. These menu may be removed in later versions of the
software.
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FILTERING Menu: Overview

\‘3 X
\migrate\ migration input directory o dat
velocity model | constant -‘ ‘ - RSP
dielectric [11 891 “—ot @ [\radar\ B ATCH
vel mins [0.087 kirchhoff  |\resample\ @ [37RD41.DT1 >
width [71. m  [filter\ ¢ |37RD42.DT1 pocess 1: [regan 7]
oy 4 search ¢ [\migrate\ ¢ [37RD43.DT1
sample start | 21 = ¢ [\hibert ¢ [37RD44 DT1
sampleend | 200 pe .
" |\boxcar\ | 37TRD45.DT1 process 2: Ibandpass -
[hilbert\ hilbert
" [\bandpass\ | 37TRD46.DT1
i C | 3TRD47.DT1
¢ absolute " phase \topo? _ process 3: Ik\rchhoﬁ migration
‘filter,  autoset [v backgrnd  [\regain\ " | 37RD48.DT1
length | 9900( BD " [\deconwt ¢ [37RD49.DT1
sample start [ 2 =  [editt  [37RD50.DTI pracess 4: [ hilbert =
. sampleenc‘iﬂ 200 C[woki  C [37RDS1DTI
® line-by-line channel-by-channel
 grid-by-grid (Nchannels=2) starting radargram#l 1 W || SR process &: I -
¢ | 37RD53.DTH
boxcar I
\boxcar o # of radargrams | 20  [37RD54DT1
height |4— [v processing graphics | 37RD55.DT1 process 6 I -
? radar2d-size  [37RD56DT1
‘bandpass\ bandpass & auto-size
lopass-MHz 2391 40% & e process 7: I -
hipass-MHz W " | 37RD58.DT1
whiten/gain  spectra | whiten | 37RD59.DT1
[%0 | ‘ ) |  [37RDBO.DTI process & [ <]
c
|regain\ regain c
< <] c
I\deconvt cepstrum ®
P

deconv gain | 100

next= <prev
impulse | deconv to asc | to segy|to segy?® _|P_| reset log
[ 5

Filter Process: regain

‘deconvi fk filter work! rad1-rad2|| |last executed on: 01-14-2014 23:01:59
info file= ‘treasurelinfo-rotate dat
EO:' E = input folder=\treasure\radar!
#offiles= 20

starting radargram=__ 37RD41.0T1 ©

Radargram processing prior to slicing analysis can be done within this
menu. GPR-SLICE version 7.0 currently provides for the following
radargram signal process:

background removal

e Kirchoff migration and hyperbolic summation migration with
variable velocity

e Hilbert transform

e boxcar smoothing
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regain

bandpass filtering
spectral whitening
cepstrum deconvolution
spectral deconvolution
fk filtering

Background Removal

Probably the most commonly used filter on GPR data is the
background removal filter. The background removal filter is essentially a
process where the average scan across a radargram is subtracted from
each individual trace within the radargram. The background filter is
used to remove banding noises that are seen across the radargrams.
Shown in the diagram on the next page is an example of a raw radargram
with the background removed. In the background filtering the user has
the option to apply the operation over a sample start and sample end.
Three kinds of background filtering can be implemented:

1. line-by-line - the average scan on each individual radargrams is
computed over the filter lengths and subtracted from the center of
the filter

2. grid-by-grid - the average scan over the entire grid and inclusive of
all the radargrams in the project is computed and subtracted from
each radargram

3. channel-by-channel - the average scan over each individual channel
for a multi-channel system is calculated over the entire grid and
subtracted from the individual track radargrams for each channel

The user can set the length that the filter operates over for line-by-
line background filtering. Normally, the filter length should be set to a
number much larger than the total number of scans in the radargram.
One can simply place an artificially large number, e.g. 20000 in the filter
length menu slot. This will insure that the same average scan across the
radargram is subtracted from every scan. Using a value less than the
total number of scan in the radargram will apply a background filter that
subtracts a local average. There could be situations where a filter length
less than the total number of scans in the radargram may be useful in
simple 2D mapping of structures, by removing local averages along the
radargram. Background filtering has an automatic option to set the
filter length to an artificially high value, e.g. 99000 prior to running the
filter. With the auto set checkbox engaged, the background filter will
automatically compute the average scan across the whole radargram.
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For customized filter lengths, the auto set checkbox can be unclicked and
edited as desired. In the past, some users neglected to adjust the default
filter length on new projects and this new auto set option will negate the
need to manually place in a large filter length for computing the average
scan.

Note 1: Background filters are applied too often automatically without
much thought being given to its effect on data. The background removal
filter will take out the banding noises but it can also take out what
appears to be banding noises, but are actually strong linear reflection that
are parallel to the radargrams track. If a buried pipe were parallel to the
antenna track over the ground, background removal would eliminate this
overall strong reflection recorded from the pipe. Background filters
remove banding noise and real reflections that are along the profile track.

[\migrate\ migration

velocity model | constant -‘

dielectric |8.82

vel mins [ 0101 kirchhoff'
gan | 2 search
sample start | 62
sample end | 256 /)‘i\
[\hilbert\ hilbert
(® magnitude
(" absolute (" phase
[Vilter\  autoset [v* backgrnd|
length [ 9900(
sample start|3_
sample end | 256
(-‘ 1 b.:' i (‘ ch: II\y h:
(" grid-by-grid (Nchannels=16)

depth (cm)

|\boxcan\ boxcar
width | 2
height | 2

[\bandpass\ bandpass

lopass-MHz 2060
hipass-MHz 688

whiten/gain  spectra | whiten

| \regain\ regain

depth (cm)

| \decomA cepstrum

deconv gain | 100

impulse | deconv

yel

[\deconvA fk filter

Note 2: It is best to always compute time slices from raw radargrams in
addition to using processed radargrams. Time slicing is in itself a natural
background removal filter because only reflections above or below the
average reflection are being compared and visualized. Background
removal should normally only be used to help see reflections in the

204

(su) awn

(su) awny



205

radargram profiles themselves, or to help remove extraneous line noises
which can sometimes infiltrate the time slice maps.

Migration

For those not familiar with the effect of surveying with GPR antennas,
cylindrical or round objects buried in the ground create hyperbolic
reflections patterns. Because GPR antenna have a broad directional
response function and send radar waves out of the antenna in many
directions, objects off to the side of the antenna can reflect energy back
and be recorded. When the object is directly below the antenna the two-
way travel time is small, but when it is off to the side of the antenna, the
two-way travel is longer - the net effect — creating a hyperbolic pattern.

The shape of the hyperbola is uniquely determined by the microwave
velocity of the ground. Slower velocities will cause the hyperbolas to be
narrow, and faster velocities will cause the hyperbolas to be broader.
Shown in the following figure is GPRSIM Ground Penetrating Radar
Simulation (see www.GPR-SURVEY.com) for 2 circular objects buried in
the ground at the same depth, but in 2 different materials. Soill, the
light green material, has a dielectric of 6, and the dark green has a
dielectric of 25.  The microwave velocity is given by

V= C/(Er)~.5

where ¢ =speed of light 3*1018
Er=relative dielectric permittivity
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GPRSIM - Two Velocities
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The velocity of the 2 soils are 12.2 cm/ns (for the light green soil) and
6.0 cm/ns (the dark green soil) respectively. The shapes of the
hyperbola are thus quite different. I like to liken the shapes of the
hyperbola as the “"DNA of the ground”, which allows us to determine an
important physical property of the ground - the dielectric permittivity.

Migration is a geophysical signal processing filter which will remove
hyperbolas in the data. The process works by first fitting a hyperbola to
match the hyperbolas found on the raw radargrams. The hyperbola is
then “applied” throughout the radargram and all the waves that fall along
the hyperbola are added up and the resultant wave is placed at the
vertex of the hyperbola. This is done for every point collected in the
radargram. When the hyperbolas on the field data lines up with the
hyperbola generated by the migration filter in the process, the resultant
pulse by adding up all the in-phase components along the hyperbola will
be very strong. When the computer generated hyperbola is slightly
shifted and not aligned exactly with the hyperbola located on the
radargram, the out-of-phase components when added up will tend to O.
The net effect of applying the hyperbola filter will collapse the hyperbolic
reflections to point reflections. This of course only happens in the
perfect world. Variable velocities and small errors in navigation can
create pseudo reflections.

There is a dedicated menu for searching the hyperbola in Filter Menu
(see next menu screenshot). The user can use left and right mouse
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buttons to change the narrowness of the hyperbola to match a hyperbola
seen in the field data. Each click of the left mouse button will reverse the
direction of the fitted hyperbola. It is normally best to choose narrow
hyperbolic features, as these will be closer to point source reflectors and
give more accurate measurements. This enhanced menu also has options
to adjust the size of the drawn radargram in terms of x pixel and vy pixel
to help best to show the hyperbolas. The user can also set the start/end
ranges to focus in on a particular location in the radargram to better show
just the desired area where hyperbolas are observed. The Search
Hyperbola Menu will show the dielectric and calculated velocities and
depths to the object real time.

37RD55.DT1 ~ | new | xpixels | 700 range start] 0 radiusm=| 0 auto search 0 threshold auto search2
velocity ( constant ypixels | 300 rangeend | 10 ToRm= batch search | n2| 0  N-threshold | 0 &2 | o dy2 |Q a2 0 batch search?
model @ block reset resize/redraw scroll | migrator width Ons sample | 21 importhyp |vl| 0  N-skip 0 d3 [0 dy3 [0 a3 0
dv S-backu dx5 dy5 a5 how tail:
compile hyp ampl hyp1.dat XX terminate batch XX 0 J 0 0 b 0 0 W s

x= 4 9lat/long radius of object = 0. time window = 80.ns
time = 19.09 ns migrator scan width = 4l 0 ns offset = 21
depth m = 125 dielectric = 524 effective time windaw = T1.6ns
sample = 69 velogity m/ns = 0131

velocity m/ns scan = 99 binary value = -20489

powo 4oz B3 ; \treasure\boxcan37RD55.DT1 -32768 0 32768
.m

10 0.65 10

20 o 131 20 88

30 o ~196

depth (ns)

40 A 252

50 288 50

60 =323 60

7 A 359 70

0 05 1 15 2 25 3 0 2 4 6 10
x (lat/long)

binary value= -20489

For migration, the user must also set the migrator scan width. In the
above example, the migrator scan width is 70 scans and is represented
by the two red vertical lines. The migration filter will be operated over
just this length. The user can expand this or decrease the width by using
the migrator red slider bar in the menu.

Two kinds of migration are available: Kirchoff migration and
hyperbolic summation migration. Hyperbolic summation - also known as
diffraction stack migration - is a migration process where all the
amplitudes over hyperbola are added up and placed at the apex.
Kirchoff migration makes is a variation on hyperbolic summation where
the wave obliquity and spherical spreading corrections are included for
each of the summed amplitudes over the hyperbolic aperture.
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Migration processes will run in batch until the last radargram is
processed. The user can click on the “processing graphics” switch to see
real time graphic results of the radargrams before and after migration.
Migrated radargrams are usually a bit weaker in gain overall. The user
has the option to apply an overall gain in the Filter Menu to the migrated
radargrams before they are written into the \migration\ folder. This is
usually needed for migrated radargrams as currently the data are not
renormalized after migration. An overall gain factor of 1-4 is usually
necessary to regain the migrated radargrams during batch operations.
The user will have to investigate manually what a good gain value will be
needed for process.

Hyperbola Search for Large Cylindrical Objects

Migration discussed so far is for point sources. If large cylindrical
objects are in the ground, the effects of its size change the shape of the
hyperbola. The two-way travel time to a cylindrical object with a radius r
is given by:
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The two-way travel time T to a cylindrical object is:

T =2/v (- + sqr(x* +(d+r)*(d+r)))

where v =microwave velocity
r =radius of the object
X =horizontal distance
d =depth to the object

284 5
ny radius
3.0
3983 -1.0
o
455.2] \ Ly
0.1m
512.1]
569 T T T T T T T
0m 24 48 72 6 12 14.4 16.8 192 21 24
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The hyperbola formula reduces to the familiar point source formula of T

vs X when r is set to 0.
radius is shown in the above diagram.

A series of hyperbola shapes for different size
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If the velocity is known for a site than an estimate of the size of a
cylindrical object can be made. Likewise, if the velocity is not known, but
the size of the cylindrical object is, the velocity can be determined by
fitting the hyperbola to the observed hyperbola on the radargram. The
radius in the Hyperbola Search menu is set on the top of the dialog:

(9] Hyperbola Search treasure

5. |- x pixels [ 700 range star[l radius,m = | 25 auto search |ni1| o threshold 0 [~ show tails
iy " constant ypixels [ 300  rangeend[ 10 TaxRm= | 0 batch search [n2| 0 N-ihreshold | 0 compile hyp amp |
model @ block reset resizelredraw scroll | migrator width Ons sample l_ import hyp N-skip 0 | hyp1.dat
€ prfie _caleule | _ XXterminate batch XX Noearry 10
4.9m radius of object = 025 fime window = 80.ns
llme = 2257 ns  migrator scan width =99 0 ns offset = 16
depthm= 131 diglectric = 6.69 effective time window = 73 6ns
sample = 72 velocity m/ns = 0.116
velocity mins scan = 158 binary value = 23913
0 051 152 253 \treasure\boxcar\37rd55.dt1
Ons 11 0.m Ons
10 o +0.62 10
20 H +1.24 20
30 + +1.86 30
40 F2.48 40
50 4 -2.89 50
60 — +3.22 60
70 4 F3.55 70
T 1 T 1 1
0 051 152 253 Om 2 4 6 8 10

If the radius is something other than 0, then the equivalent size of the
object will be shown overlaid on the radargram. Note, that the drawn
cylinder may appear with vertical exaggeration because the y axis of the
circle is converted to time in nanoseconds. The user will click the left or
right mouse buttons to set the hyperbola velocity if this is known.
(Normally, a very discrete point source hyperbola should be identified
rather than large broad hyperbola, to obtain an estimate to the
microwave ground velocity - since often the sizes of cylindrical objects or
utilities may not be known at the site). Once the velocity is set, then the
user can manually adjust the radius until a good fit is made between
observed and calculated hyperbolas for cylindrical objects with large
radius.

Kirchhoff Migration for Fixed Transmitter-Receiver Offsets.

Many antennas have separate receiving and transmitting antenna that
are separated by a fixed distance. Although we normally refer to many
antennas as mono-static antenna, in fact, most antenna are bi-static
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antenna with a fixed-constant offset. The constant offset for some of the
antennas from different manufactures is shown in the following table.

Table of Transmitter-Receiver Separation

Manufacturer Model# Freq (MHz)

TX-XR separation (m)

IDS 600
400
200

Mala 2300
1600
1200
800
500
250
100

Sensors&
Software 1000
500
250
100
50

GSSI 52600 2600
5100 1500
5101 1000
3100 1000
3101 900
5103 400
3105 300
5104 275
5106 200
33200mlf 100

US Radar 2000
1000

.15

.25

.14
.18
.36

.0762
.1524
.2794

.04

.058

1

.0762
.1524

.16

.3556

24

.332
customized

.54
11
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500 22
250 .39
100 .637
100 bistatic 1.444

(We are still waiting to be able to fill in some of the commonly used antenna systems
into this table. Please look in the future for this newsletter on-line to see any updates
available to this information and for more manufacturers’ that are integrated with GPR-
SLICE).

The constant separation between transmitting and receiving antenna can
be used in generating a hyperbola to measure the velocity of a material
accurately. In addition, the separation can be used to get a more
accurate migration. For hyperbola searching, the travel time for an
antenna with transmitting and receiving antennas separated by the
distance TxxR, is given in the following diagram:

The two-way travel time T to a cylindrical object with transmitter-receiver
antenna separation TxxR is:

T= (-2r +sgr((x+TxxR/2)"2 + (d+r)"2))
+sgr((x-TxxR/2)"2 + (d+r)"2))) /v

where v =microwave velocity

r =radius of the object

X =horizontal distance

d =depth to the object

TxxR=transmitter-receiver separation
Plotting T versus X will give a description of the hyperbola for the
most general case of transmitter and receiver separation, and for a radius
of the subsurface object.
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In migration operations with separation between transmitting and
receiving antenna, the radius of the object is not included in the
calculation - although the bi-static antenna separation is included in the
process. The radius is only used to assist in getting better description of
velocity if it is known. In general, the radius of subsurface objects is not
known, and the point source target is often assumed (e.g. r=0).

An interesting effect of having a separated transmitter-receiver is that
there are no subsurface reflections that can be recorded prior to the
ground wave time between the transmitter-receiver, e.g. no reflections
from the ground can be recorded before the time TxxR/velocity. In a
graphical description of this in the software, we have the hyperbola going
flat at this cutoff time as shown in the following diagram:

© Hyperbola Search: treasure

new| xpixels[ 700  range start] 0 radius,m = [0 auto search [n1[ 0 threshold [0 [~ show tails
s (" constant ypixels | 300  range end [ 10 TxRm= | 1 batch search [n2[ 0 N-threshold [ 0 compile hyp amp |
model @ block  reset | resizefredraw | _ scroll | migrator width Ons sample [ 16 import hyp N-skip [0 [hypt.dat
Cpel e Kciemiaesoenin | et [0
time = 1.ns radius of object =  0.05 time window = 80.ns
xX= 5.07m migrator scan width =90 0 ns offset = 16
depthm= 005 dielectric = 9 effective time window = 73.6ns
velocity m/ns = 0.1 sample = 16
velocity m/ns
0 061 152 263 \treasure\boxcar\37rd55.dt1
Ons 1 1 1 1 0 m ms —_
” 1 4 zone where no subsurface reflections
7 I M are recorded till after the time TxxR/Velocity -
1 N\ the travel time (of the ground wave) from the
transmitter to the separated receiver
50 25 50
T T T T
0 051 152 253 om 5 10

In this example, the TxxR separation is set to 1 meter for illustrative
purposes, and the velocity is set to 0.1m/ns. In this case the time for
the ground wave to arrive from the transmitter to the receiver is 10ns.
We can see that in the example the hyperbola has gone flat at this travel
time. In essence, no reflections can be recorded above this time (if we
believe Einstein is correct and velocities in the ground are less than the
speed of light!). These new options have also been inserted in GPRSIM
v3.0 software for those users of this application.

Variable Velocity Migration
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Migration can be done in GPR-SLICE v7 using a continuously varying
velocity profile with depth. In the Hyperbola search menu, the user first
finds recorded hyperbolas in the radargrams. The hyperbolas are chosen
by left clicking the mouse and holding it down to match the hyperbola.
After a match is made, the right mouse is then clicked to save the
discovered point. The velocity of the discovered point will appear on the
location in the radargram chosen as well as on the velocity profile plot.

Three kinds of possible velocity models can be calculated from the
chosen points: constant, block or profile. The Constant model will
compute an average calculation of all the chosen points. (For constant
settings, the average velocity and dielectric will appear in the Filter menu
items for migration). The Block model will generate constant velocity
regions from the chosen point - till the scan depth where another velocity
point is encountered. Profile, generates a linearly interpolated velocity
profile between the chosen points. For Profile velocity models, the user
should make sure to choose and set a hyperbola on the bottom of the
radargram to get a complete profile. A depth range axis also appears on
the velocity plot. This depth range is an integrated depth range which
corresponds to the velocity profile. Thus the depth interval between tick
labels can vary and is not constant when the velocity profile is variable.
An Example of a profile velocity model and its diffraction stack migration
and a comparison with Kirchoff migration is shown in the following
diagrams:
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|- x pixels | 860 staﬂl radiusm= [0 auto search | n1 | 0 threshold 0 [~ show tails
vpuxeb' 400 rangeend| TxRm= [0 batch search [n2[ 0 N-threshold [0 compile hyp amp |
esizelredraw | scroll | migrator width Onssample[ 16 importhyp | N-skip 0 | hyp1.dat
_ BT Nonearby 1 0
3.7m radius of object = time window = 80.ns
tlme = 47 84 ns  migrator scan width = 99 0 ns offset = 16
depthm= 167 dielectric = 18.37 effective time window = 73.6ns
sample = 136 velocity m/ns = 0.07
scan = 119 binary value = 19827
25 3 \treasure'\boxcar\37rd55 dt1
1 0.m Ons
0.62
1.24
1.8
F2.23
-2.57
2.91
F3.21
T
25 3
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Filtering: treasure - 0

\migrate\
velocity model | block
dielectric
vel m/ns
width
gain
sample start | 16
sample end | 200
\hilbert\
@® magnitude
(" absolute (" phase
\filter\  autoset [v'
length | 9900(

=
o|®
~N| W
=

o
©

~nN

depth (ns)
(su) awny

7 8 9.

5 6
sti . : 3 3

——— diffraction stack migration
0

@ line-by-ine (" channel-by-channel
(" grid-by-grid (Nchannels=16)

\boxcar\ boxcar
width | 1
height [ 1
\bandpass\ bandpass

T T
hipass-MHz 110

depth (ns)
=]

1. 2 K 3 5 3 : 8 9. 10.

whiten/gain ~_spectra | whiten o \migrate37RDS5_x=0.m Kirchoff migration ;
40
| "
‘\regain\ regain . 2
2 30
s 40
g 50
\deconv\ cepstrum ©
deconv gain [ 100 60
»
impulse | deconv 5 5.
!E EEl eastings (m)
=]
\deconvi fk filter

3D/2.5D Volume migration

3D and 2.5D volume migration is available from the Filter pulldown
menu. 3D migration requires a 3D volume to have been constructed
from the radar pulse. 3D migration also requires tight spacing between
the radar antenna on the ground in order to be close to a s wavelength
of the transmit pulse. For most operations, only multichannel users can
really take advantage of 3D migration since high density - area
coverage of a site is available with these systems. Multichannel systems
are usually processed to create 3D pulse volumes. Single channel users,
should they take extremely tight radar profiles over a site, they can
then also create a 3D pulse volume and use the new migration routine.
In general, 3D migration also requires extremely good accuracy in the
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navigation. 3D Kirchoff migration works by summing all the radar pulse
samples found along the surface of a 3d hyperboloid. Because the pulse
is being summed over this surface, any small errors in navigation of the
location of the radar pulses in the volume can cause noise and lack of
good collapse of radar diffractions. Multichannel systems have the
advantage of fixed antenna elements and thus have much better
navigation in the volume then usually can be achieved from a single
channel system survey over a typical site. 3D migration for all filtering
operations should be used in on appropriate sites when navigation
confidence is very high. If navigation is poor, 3D migration will degrade
the diffraction collapse and lead to more destructive - rather than
constructive - interference in summing the raw pulses over diffractions.

2.5D migration is also provided. In this operation, the full 360
degrees around the hyperboloid is not used- only the x and y planes that
are 90 degrees apart are summed in the migration process. Some
researchers believe 2.5D migration is better to apply then full 3D
migration, in part since the full beam response function of the antenna
are not properly known. The migration operation requires the user to set
the velocity model in the Search menu in the 2D Filter menu. Constant,
block, or profile velocity models are available for 3D migration. The
migrator width is set as the number of xy cells. If a volume is made and
a migrator width is initially defined in the 2D menu from a radargram,
then if 3d migration is desired, the migrator width should be adjusted to
the equivalent length should the full resolution volume not match that of
the radargram scan density.

An example of 3D migration taken from a test site at Consiglio
Nacionale delle Ricerche with an IDS Stream multichannel system is
shown in Figure 3. The system had 15 channels at 12cm separation. A
metal sphere buried at 50 cm depth is clearly imaged in the unmigrated
and 3D migrated images.
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€ GPR-SLICE:  Ground Penetrating Radar Imaging Software: \gianfranco-stream-cnr-2010\
File Reverse Navigation Slice Grid Pixel Radar 3D volume | Filter Static Animation Help

project | folder | options T radar open filter
AL =
Sy <>

- |0 x|

£ 3D Migration:
input 3D volume: |intf3d.dat

output 3D volume: | mig-intf3d. dat
volume size XYZ | 131x 82x 350

velocity model |constant migration
dielectric [4.22 i

vel m/ns | 0.146 m
mig width in xy cells |17 migration
(£

sample start-z cells | 1 E‘

sample end-z cells | 350

*velocity model is set in the 2D radargram Filter menu
*Iinput volume should be constructed from pulse imaging

© GPR-SLICE: Open GL Volume XYZ-2D: \gianfranco-stream-cnr-2010\: lintf3d.dat

helpset cokeut |—————— color | up| In0 [dn [ up | siow| fast| storejpg [ identfier
304513.[466434:[0.  transp. JT X — z- ]1 stop | It | it | make animation
563466435 [ 73.2. « style-a -
304563 [ 46643573 2 foeus - p 7 lohicu Z ot
 siyle.90 ¥ tie | CNR - Roma

grid2d | GPS/xy pit »| focus
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Hilbert Transform

© Filtering:  t © Hilbert Transform

output |\migrate\ migration

velocity model | block
dielectric | 2005
velmins [0 067

width | 59

gain | 2
sample start | 16
sample end | 200

output | ihilbert\ hilbert
® magnitude L
(" absolute " phase 60
output [ite ~ backgrnd 70
length | 2000

sample start [ 16
sampleend [ 200

@ line-by-ine ¢ channel-by-channel
© grid-by-grid  (Nchannels=16) 10

Migrated radargrams
\migrate\37rd55  x=T.m

E

search

[ERN
= =

depth (ns)
.
=
=
)

5

output | \boxcar\ boxcar
width | 2
height | 2

output |\bandpass! bandpass

lopass-MHz 662 50
hipass-MHz 58

whiten/gain  spectra | whiten 70 — - _ _ - -
40 0 1 2 3 4 5 6 7 B 9 10
NEG |

output [\regain\ regain

depth (ns)
.
s
&
)

Hilbert Transforms will convert radargram pulses to pulse envelopes.
The sinusoidal pulses are converted to positive domain envelopes. (The
mathematics to do this is beyond the scope of the presentation for the
manual, however, it basically involves taking the Fourier transform to
convert the radargrams to the frequency domain first, then shifting
imaginary frequencies by 90 degrees, and then doing the inverse Fourier
transform).

Hilbert Transforms are all rectified signals in the positive. Thus slicing
a Hilbert Transform signal is similar to slicing of the squared amplitude
signal which is also a rectified signal. Hilbert Transforms are particularly
useful in the case when the user might like to perform very thin slices
less than the size of antenna wavelet. Creating time slices from raw
radargram pulses where the time slice window is shorter than a wavelet,
can vyield noisy looking slices which may not be useful for some
applications. This is because the slicing window may be located over the
phase of the pulse where it is near 0. Hilbert Transforms of a raw pulse
signal near 0 phase would show a strong reflection, close to the signal
peak, since the envelope of the signal is being used.

Note: In our time slice method discussed in the Quickstart section, when
we do not use the Hilbert Transform, we normally use the square
amplitude but with a time window which is several pulse widths long. In
this instance the phase of the signals are not critical because the slicing
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thickness is larger than the wavelength of the recorded reflections. Time
slices of radargrams made with or without the Hilbert Transform are very
similar when the slicing window thickness in time is larger than the
antenna wavelet.

Boxcar Smoothing

) Filtering:  treasure —|ofx|
output | \migratel migration input directory info.dat
velocity model | block ||n —
N | ‘radar\
dielectric [ 2005 ‘ —
LN N ICLB ) Boxcar Smoothing

width

gain

sample start
sampleend | 200

output | Vhilbert\ hilbert

® magnitude
(" absolute " phase
output |Yfiterlt ~ backgrnd
length | 2000
sample start
sample end | 200
@® line-by-line ¢ channel-by-channel
" grid-by-grid (Nchannels=16)

. [}

‘resample\37rd55  x=7.m

i

depth (ns)

:
o

output [boxcart boxcar
width
height | 2

output | \bandpass\ bandpass|

lopass-MHz 62
hipass-MHz 59
whiten/gain ~ spectra | whiten

~\
P

depth (ns)

i

To smooth GPR radargrams which have hi-frequency random noise, a
boxcar filter is available in the Filter Menu. The boxcar filter asks for the
user to insert the width and height of the boxcar in samples. The filter
lengths are lengths of the samples on each side of the radar scan value to
be smoothed. Thus if one enters 3 for the width and height of the filter,
the actual length of the filter looks 3 scans to the left and 3 scans to the
right, plus the scan to be examined, or a total of 7 scans, e.g. 2*3+1.
The boxcar filter simply averages the values which are equally weighted
and then writes a new radargram to the \boxcar\ folder. An example of a
boxcar smoothed radargram is shown in the following diagram. In this
example a boxcar filter is applied that is 2 by 2 (which is effectively 5
scans of averaging.

Note: Radar scan stacking can be achieved in the Boxcar filter by setting
Height to 0 and then the Width to any number of scans to stack.
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Regain

A "regaining" of radargrams using a user defined gain curve versus
scan depth can be implemented in the Filter menu. This menu is similar
to the operations available in the Convert Data menus. The only
difference here is that the wobble removal options are not required here.
In the submenu the user can choose to regain a single radargram or
regain an entire dataset and write the results to a separate folder called
\regain\. The menu operations allow for customized gain curves to be
saved as well imported into the menu.

Filtering: treasure - O
\migrate\ migration input directory
velocity model | block - [info.dat
dielectric [25 85 £ ‘radar\ BATCH
vel mins [gosg farchhoff " [\vesample\ & [37RD41DT1 >
width | 57 " [ Vilter\ ¢ |37RD42.DT1 S

gain | 3 search
sample start | 16

sample end | 200

scroll+ | z+ gain 151 gain reset 37RD41.0T1

£\
\hilbert\ hilbert
‘ - scroll- | z- lin.gain| 170 o
@ magnitude store gain curve
(" absolute (" phase check gain exp.gainj 1 agc gain = = batch gain |

- import gain curve
Viilter\  autoset [v backgrnd start pt (1-1 EH 4 make gain

ol = length [ 9900( Ij)_| right mouse-lock scan scan # = binary #=0
sample start | 3 sample # = time (ns) = 0.
sample end [ 200 backgrnd breakpoint =
(@ line-byine (" channel gain ST-EH 1 gain = 3 ‘treasure\boxcar\37RD41.DT1
" grid-by-grid by-channel 0 7
B ERE
\boxcarl boxcar 11+
width [1 2 T+
height [1 3 T[T 5
\bandpass\ bandpass — 126 ||+
lopass-MHz 583 HD 2 |5 EXI
hipass-MHz 2 ] 134 ¥
wh\tenfgam Eper:.tra whllen ; ;ﬂl
-Iss6 +
9 |00z +|
\regaint regain s 100 F 2
M -J1123 +
|¢?—| e
13 -] 1218 +
[\deconvt cepstrum 14 - [126 ¢ +|
deconv gain [ 100 15 _[129.7 +|
= 16 - 1352 +
impulse | deconv — —
\deconvt fk filter \work\ rad1-rad2| (last executed on: 12-26-2014 12:48:55
I— info file=  info.dat
m boxcar E input folder=\radar\
#offiles= 20 hd

Regaining a radargram is often necessary when raw radargrams with no
bandpass filtering are recorded in the field and Ons offset positions errors
exist in the data. In these instances, radargrams should be:

1.converted with Batch Gain - Wobble to remove the DC drift
2.radargram edited for Ons
3.regained in the Filter menu.
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Bandpass Filtering - Spectra menu

© Filtering:  \kisatchie\processing)

output [\migratet Il © Bandpass Filter Settings:  \kisatchie\processing
velocity model | constant scroll - | scroll + | help set | import radargram | FILE___ 090.0ZT -
dielectric |7,17 : : :
R “search | \klsalchle\procesang‘\resam?gﬂljg_c_n_:[_}g@;pg o band )
width [53 eft mouse - set bandpass gains
gain |5— bandpass
- X 3 R
sample start [ 30 gain
sample end | 512
output [\hilbert hilbert
@ magnitude =’ AJ power hi-cutoff=137MHz lo-cutof=791MHz left mouse - show desired high pass cutoff
" absolute (" phase .| spectra right mouse - show desired low pass cutoff
output | Hfilter backgrnd|
e[
sample start | 30 . . . . . ; i i right mouse - lock/unlock scan
sample end | 512 16.7 29. 50.5 88. 163.2 266.7 4643 6084 1407.5 24506 4266.7
(o line-by-line (" channel-by-channel frequency, MHz raw pulse bandpass filtered pulse
" grid-by-grid (Mchannels=16) scan= 236
sample= 156
output [\boxcan boxcar lime ns=24
width [2 nemes =]
height | 2
output |\bandpass\ bandpass| <

lopass-MHz |791
hipass-MHz |137

whiten/gain | spectra | whiten

output |\regaint regain

output | \decon cepstrum

deconvgainr Iﬁl . *“ 141 0 tﬁﬂ l!u % A
impuise econv :
E

output | 'workl rad1-ra GZI

I“n.‘ ]

Radargrams can be filtered to reduce noise from oscillating
components that have a regular frequency. Bandpass filters can be
implemented to remove unwanted frequencies in the radar pluses.
Before this filtering can be implemented, the frequency ranges over which
to remove frequencies as well as the spectral curve to apply to Fourier
transformed pulses needs to be set with the Spectra menu. Shown in
the Spectra menu, are the raw pulse and shown along with the bandpass
filtered pulse in the graphic dialog. One can move the mouse over any
scan in the radargram (up to the first 400 scans) and show the pulse and
the bandpass filtered pulse real time. The raw pulse shows DC
Drift/wobble noise - the bandpass filtered pulse shows this noise
removed. This can be seen since the pulse oscillates around the 0 line for
the bandpass filtered pulse. The lo-pass and hi-pass frequencies are set
with the left and right mouse clicks made over the spectra plot (shown as
green bars). Clicking the Help Set button will automatically generate the
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bandpass spectral curve based on the lo-pass and hi-pass frequencies
set.

In the example radargram spectral components in the low
frequency range are seen to be significant and dominate the power
spectra plot. The low frequency noise causes DC-drift in the signal,
resulting in the raw pulse floating away from the 0 line. Using bandpass
filtering, one can remove these DC components in the GPR signal which is
necessary before useful time slices can be generated

O Filtering:  \kisatehie\dl © Bandpass Filtering 1
output |\migrate\ migration

velocity model | constani r ‘
dielectric [7.17 0 \resample\FILE 090 y=0.m
velmins [0112 Search 5
i [\
ot (K ——— 15
sample start [ 30
sample end | 512 - 20
= z 25 Pt
output [hilbert\ hilbert =
: £ " - WD gy B .
(® magnitude @ g = ,,‘ am e ﬂj 1'.' > " —t 1 MJ ia‘havm‘lbu M *1» u -sc
( absolute (" phase ° d ! 4 ) » o ‘ fl -
output[Viter\ backgrnd 40 S .," ! 1 B (A By ¥ Bt T R
length [ 5555 BD 45 I+ f R ! pw |
sample start [ 30 50 N i i . ) T EL
S 512 55 il e il = 1% R AT gw an
(@ line-by-ine (" channel-by-channel
" grid-by-grid (Nchannels=16)
output |\boxcar\ boxcar 0
width [2~ 5
height | 2 10

output [\bandpass\ bandpas 15
lopass-MHz [ 791 20 S
hipass-MHz 137 25 —jn

whiten/gain  spectra | whiten

20

output [\regain\ regain

output [\deconv\ cepstrum
deconv gain [ 222

depth (ns)
8

Notch Filters

The bandpass spectral gain curve can also be drawn with the mouse
to generate a notch filter. An example of a radargram with severe and
isolated transmission noises is shown in the next figure. The
transmission noises are concentrated near 50Hz. Drawing a spectral
curve to remove all the frequencies around this gives a notch filter.
Running the bandpass filter with this customized notch filter design

effectively removes the transmissions noises infiltrating the raw
radargram.

Note: For bandpass filtering for digitized scan lengths of non-base 2 (e.g.
scan lengths other than 128, 256, 512, 1024...etc.), scan lengths are
zero-padded to the nearest base 2 binary length before filtering is done.
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\bandpass\DAT 023 x=0.m
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\kisatchie\cellphone\

scroll - scroll + help set import radargram I DAT_023.rd3 ]

\kisatchie\cellphone\resample\DAT_023.rd3
1 oy left mouse - set bandpass gains
bandpass \ I
gain 5
N A
0
power hi-cutoff=27MHz lo-cutoff=382MHz left mouse - show desired high pass cutoff
spectra right mouse - show desired low pass cutoff
S S T S right mouse - lock/unlock scan

31 53 93 162 282 491 854 1488 259. 4509 7851

frequency, MHz raw pulse bandpass filtered pulse

scan= 708
sample= 1
time, ns=46.

A Ao adnmd nﬁn_l
VY uwvv\ \v

\/\/\/\/\[\/\I\I\Mﬂ“ﬁ%
VUV

Bandpass filtered radargrams are written to the project in the
\bandpass\ folder.
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Spectra + Gain menu

A nmenu called Spectra+Gain is available in the Filter pulldown menu.
This menu allows the user to apply range gain on the radargram pulses
real-time with the bandpass filter engaged. The radargram that is
displayed will be the instantaneous radargram with the gaining and
bandpass applied. The menu can be used as an alternative/addition to
removing wobble or the dc offset on the raw radargrams.

For GPR equipment that already have bandpass filtering applied to the
raw recorded data, this new menu may not have such a large impact on
your processing steps and your final imagery. However, for those surveys
where bandpass is not engaged in the GPR control unit and is not
recorded into the raw radargrams, this range gain feature set in the
Spectra menu, can provide an alternative and perhaps superior method to
condition the raw pulses than simple wobble removal. An example of a
dataset which appears to be quite noisy — with an extreme dc offset - and
was recorded without bandpass filters in the raw data is shown in Figure
5. The raw-ungained pulse (s) show a small offset that when gained
without bandpass are completely out of the binary resolution and are
clipped. The bandpass application with simultaneous gaining will insure
that the raw filtered pulses are within range and the wobble/dc offset
removed.

@ Filtering:  :\kisatchie\stl @ Bandpass Filter Settings: ~ c:\kisatchie\stream-demo =

\migrate\ I Migreton z:’l gain| 720 gain resat [Lio0001.¢ =] T specta M""ﬂ“w‘ BaLil Spects mﬂmm'
| . z- fin.gain| 100 constant gain
velocity model |constant '_ﬁj = store gain cure | |

dislectric 681 ] exp.gain| agc gain help set

velmins 0115 _Kirchhoff start (116 o import gain curve !

width [17 AN
gain [ = c A-d 1030003 dt -
sample start [ 3 search left mouse - set bandpass gains - upper plot

sampieend [355~ [/\ ] -

hilbert\ hilbert gain 5

 absolute |
e i
\fiterl  autoset ¥ backgrmd [ Yopiz h iz left mouse - set lo-cutoff

length [ 53001 = power
e e gt mouse - st Peculoh

sample end [ 355 backgmd
@ line-by-ine ¢ channel
. d_ 13 26 393 684 191 2074 3611 628 10846 19059 33183
\boxcar, — P 10 frequency, MHz raw pulse bandpass + gained pulse

_boxcar
width| — 7 scan=181 | v <—_
sample= 363 |

height] 0 - - 1
time,ns=80.
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hicut[ 844 [40
woltrwe =8
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Note: 1) recommendations are to use this new menu with time 0 edited
radargams to avoid FFT (Fast Fourier Transform) wrap around effects that
can cause noises above the 0 sample if not removed. This can potentially
lead to false definitions of time 0 on processed radargrams.

Note 2) batch gain rather than batch gain - wobble in the convert menus
will typically be used without any range gain engaged if the new Spectra
+ Gain menu will be implemented

Bandpass Filtering . & %

raw-recorded radargram
\edit\L1120004 dt 00

00

06
11
gV 30.0 g
g 23 400 5
g 2
S 29 50.0

34

304513 304519 304525 304531 304537 304543 304549 304555 304561 304567
4664351 4664351 4664351 4664351 4664350 4664350 4664349 4664349 4664348 4664348

0 6 12 18 24 30 36 42 48 54 60
x (em)

bandpass + gain

\bandpass\L1120004.dt

———

depth (m)

304513 304519 304525 304531 304537 304543 304549 304555 304561 304567
4664351 4664351 4664351 4664351 4664350 4664350 4664349 4664349 4664348 4664348

0 6 12 18 2 30 36 42 48 54 60
gain without bandpass

\bandpass\LI130004 dt

E 30.0 5

@
g_ 400»5
L 2

304513 304519 304525 304531 304537 304543 304549 304555 304561 304567
4664351 4664351 4664351 4664351 4664350 4664350 4664350 4664349 4664349 4664348
0 6 12 18 24 30 36 42 48 54 60
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Customizable scan start/end for application of bandpass filters

A new option to apply bandpass filtering just to a set of selective
scans in a dataset in which there are severe noise issues, without having
to apply the filter across the entire radargram was added to the Filter
menu. To implement this request a new flag option - set in the Filter
menu will read the XYpoints file to discover those scan sections to apply
the customized processing on (see following screen shots). The scan
start/end values are set via the XYpoints operation, and should be made
consecutively across the radargram. (XYpoints record among other
things, the scan # of the chosen anomaly points, which makes this
features convenient for providing this specialized feature.

Note: This new option currently requires working with an info.dat file with
just the single radargram name for the differential bandpass filtering to
be applied to.

® Radargrams Ksalchié @ Radargrams: — c:\kisatchie\processing
litle1 ﬁ x=3.09 t=55.92 2=150.99
litle2 f 5 \radarfile___ 090 x=0.cm
14
#of radargrams "1— dﬂl 2
Flives] 2 | 4
radargram# 20 _draw | segmnt 54
samples to Ons [T E 68
sample sxan,TemW g 81 M “‘ ;. 1.'/ ‘1 ‘-:; o o - *
range start ’g—' end [ 10 = % (o)
108
transform 'T help set % ! P
gamfac(ol"«\_ Xform s ¢ ' !- LA
Imeargam,o_ o | 'y L L
exponentl gain,o—
color table "T—

scan display ST < 28;
skip N Scan | 1

l 1%
atfoic g 2% #, radargram. X, Y. t-ns.

ongin |50 Y [760 byl \radarifle___090 dzt 000 0% 3570,
\iadarile__090.dzt. 0.0 1.96 3552,

<
longth X[ 1244 Y [299 " |125% o= f—l \radarile_090.dzt, 0.00 400 35.89,

E ~ viadarile__090.dz2t, 0.0 497 ;
shit X[ 1364 Y[ 359  [200% _onfoff | next> | <prev | | 5 \2ganie—o90.dzt 0.00 703 36.08,

custom 6. \radanfle___ 090 dzt, 000 804 36.46,

FRYRYNIN

Cbmp  jpg
screen " all
dump G fast

identifier | rad

Shown in the following image are the results of applying differential
bandpass filtering to the user set scan locations across a radargram:
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@ GPR-SLICE:  Ground Per = =~ =+ ==

File Reverse Navigation Slice ¢ HAnapR

=
== -

= IE 1 B Wdlhsiice \radarifile__ 090 x=0.cm
| \migrate\ migration 0
velocity model |constant -r1 W
dielectric [[3ER] 27
vel m/ns [0.115 kirchhoff 41
gain [ 8 _h E 68

searcl =

sample start | 81 % 81
sample end | 256 A-’\ S 9%
\hilbertt hilbert 108
@ magnitude 122

" absolute 135

|\filter\  autoset [~ backgrnd
length [ 9900(

sample start | 3 UD

sample end | 256 backgrnd

@ line-by-line " channel HE' "
27

" grid-by-grid by-channel

41

|\boxcar\ stack boxcar 54
width| 2 — Q =

height] 2 £

= £ 8

|\bandpass\ ~ whiten-gain | pien § 9%

e || ™
lo-cut WMHZ 122
spectra spectra 135

FESMESEO ]

[Vegain\ regain | .

 on T
Bluebox wobble & off E Special RSP flag to fiter a specified series
——— of scan start/end set via the xypoints file
| it -
i;iii?/";;in {iiandoass cepstrum Sxpo (currently only available for bandpass filtering)
= | ¥ on| reset I
s (S 21
impulse  spiking |decans/w Filter Process: bandpass filter
7] last executed on: 05-21-2013 16:54:09

info file= \kisatchie\processing\info.dat
lagin[ 20  predictive decons+w input folder=\kisatchie\processing\radar\

# of files= 1
ierinf 100 [ [ EEI Co ) staring fle__090.dzt v

MIGEO: fk filter

Spectral Whitening

Spectral whitening is a filter process to equally weight all the spectral
components with the same magnitude. The filter is implemented
operationally by taking a Fourier Transform, adjusting all the +/-
frequencies to have a magnitude of one, while preserving the spectral
phase of each frequency. An inverse Fourier Transform is then executed
to give a spectrally whitened pulse where the energy at all the
frequencies is equal.

Operationally, spectral whitening also has bandpass components,
however, the spectral gaining curve is NOT used - only the lo-cut and hi-
cut frequency settings. All the frequencies within the bandpass are set to
a magnitude of 1 - and all the other frequencies outside the bandpass are
globally to 0. Spectral whitening is implemented with a sharp notched
filter. In the following example, the lo pass and high pass are set to
1032 MHz and 140 MHz respectively.
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O Filtering: " \Kisatehie\l © Spectral Whitening

output [\migrate\  migration
velocity model [ constani
dielectric [717
vel m/ns IW search
width |53
gain | 5 —_
sample start [30
sample end [ 512
output [\hilbett  _hilbert

(& magnitude AW
(" absolute ( phase LU ]

output | \filter\ backgrnd|

length Iﬁ BD

samplestart [30 | LAL__]|
sample end [ 512

(® line-by-line (" channel-by-channel 0
(" grid-by-grid (Nchannels=16)

depth (ns)

\bandpass\FILE 090 y=0.m

output [\boxcar\ boxcar 10
width I 2
height [2 20
output [\bandpass\ bandpass| 30
lopass-MHz |791

hipass-MHz ]137 = 40
whiten/gain  spectra | whiten

20 50

tput i regain 0 2 4 6 8 10 12 14 16 18
output | \regain\ g i)

depth (ns)

Spectral whitening can amplify the entire range within the radargram
and illuminate depth regions which may have not been optimally gained.
At the same time, it can amplify areas which may or may not have any
strong reflection contrasts in the raw radargrams. The example shows
removal of low frequency noise and at the same time the ability of the
spectrally whitened radargram to have more detail/gain in regions where
lower amplitudes exist in the raw radargrams. Spectral whitening
process requires manual setting of a gain factor to divide the spectrally
whitened pulses. Values in the range of 10-100 can be used and it is
common to try several values to see how the subsequent filtered
radargram appears.

Note: to set the low-cut and hi-cut bandpass, the right and left mouse
clicks are set in the graphic region where the power spectra is drawn.
(These settings are only used to assist in drawing the spectral curve and
are not used specifically in the bandpass filter. These settings however
are used directly for the spectral whitening filter where only frequencies
within these settings have magnitudes set equal to 1 - preserving the
spectral phases. Magnitudes outside these bandpass settings are set to
0.)

Note: Spectral whitening can be a useful filter for multi-channel array
data since antenna pair matching can be achieved by implementing this
filter.
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Cepstrum Deconvolution

Deconvolution is a signal process which can be valuable in removing
multiples or echoes in GPR return pulses. Often, GPR pulses contain
many reflections which are simply multiple reflections of radar waves
from the same reflector. One example of a multiple reflection is a wave
that travel downs to a reflector, back up to the ground surface to be
reflected by the air-ground interface, and then back down into the ground
only to bounce off the same reflector again. One method for reducing
the energy from multiples is the cepstrum deconvolution process. In this
signal process, the GPR pulses are converted to the spectral domain using
Fast Fourier Transforms, the logarithm of the spectral components is
computed, and then the inverse Fourier Transforms is made to convert
back to the time domain - deconvoluted pulse. Taking the logarithm of
the spectral components has the effect to smooth out amplitude
undulations in spectral frequencies, and reduce the influence of multiple
reflections. Cepstrum deconvolution requires the user to discover a gain
factor to bump up the filtered radargrams to recordable thresholds.

Cepstrum deconvolution is available in the FILTER menu as shown in
the following example. In this example, the raw radargram was
converted without the wobble - low DC drift noise be removed, to see
some effects of the filter. Cepstrum deconvoluted radargrams are
written to their own unique folder called \deconv\.
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[@) Filtering: C:\kisatchie\processing -0
\migrate\ migration| input directory — - 5
velocity model | constant i | L
dielectric |30.86 £
vel mins [ 0.054 kirchhoff
S [
gan | § search
sample start | 30 0 \radarfile 090 x=0.m o
sample end | 512 K:\
| \hilbert\ hilbert 10
(® magnitude
(" absolute (" phase .2 o
2 3
[Vilter\  autoset [v* backgrn E @
length [ 9900 | g i =
sample start | 3 ° 20 M
sample end | 512
(.‘ i h, 1i (‘ h: I b., h | 50
¢ grid-by-grid  (Nchannels=16)
\boxcar\ boxcar
width | 2
height 0 =
= 2 s et
|\bandpass\ bandpass 10 &
lopass-MHz 724
hi?ass-MHz 185 i 20 & %
whiten/gain ~ spectra | whiten g ; g
sy =1 RS :
__ ) 2
| \regain\ regain 40 4
50
|\deconvi epstrum
deconv gain [200 x (m)
impulse
o)
Lo~ |
\decon\ fk filter

Spectral Deconvolution

Another deconvolution signal process is spectral deconvolution. In this
method, the impulse response function of the transmitting antenna, call
I(w) as a function of frequency, is divided out from the spectral
frequencies of the pulse, called it P(w). The deconvolved signal in the
frequency domain D(w) is:

D(w) = P(w)/I(w)

The beauty of working in the frequency domain is that what is normally a
convolution in the time domain, is a simple division in the frequency
domain!

GPR-SLICE has a menu to accomplish spectral deconvolution. One
menu called Impulse will help the user to set the impulse response
function by either generating a synthetic response, or by cutting a
“probable” response from the top regions near the ground surface of a
real radargram:
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< Filtering:
output | \migrate\ migration

velocity model
dielectric
vel mins
width
gain
sample start
sample end

\kisatchie\processing

constant

30.86
0.054
101

wm

30

512

output | \hilbert\

output | filter\

length
sample start
sample end

5655
30
512

output | \boxcar\

width
height

2
2

output |\bandpass\

lopass-MHz
hipass-MHz
whiten/gain

32

724

89

backgrnd

0 |

boxcar

]

bandpass]

EOH

whiten

output | \regain!

output | \deconvi cepstrum

regain

=

time window-ns
frequency MHz
samples/scan
# of Cycles

pulse length-ns

new time window-ns

deconv gain
Impulse response

output response

512
A

|1

|60.
I—
|1

60

@ Impulse Response:  \kisatchie\pre

sinusoidal
damped-sine

resample
I save I
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cosine taper |

| impres.dat

I impres dat

reset avg pulse |

refresh |

smooth |

sample#= 176
ns=20.62

pulse length-ns=16.17

response=0.94

hn

VAYS

-/\/\'/\mvz\v/\./\ Lo NN ,U

1

I cut

gain | 100

EoEE

impulse

deconv

—

Fa

output | waork\ rad1-rad2

I right mouse- set cut boundaries
left mouse- click/draw response

Impulse Response function

inpulse response function not found - using an average response of the first
radargram

X

In the Impulse Response menu, the user can import any single
radargram and use the right mouse to set locations on the pulse to cut

the ground wave response.

Clicking the Cut button will cut the response

between the set boundaries on the pulse, after which the Save button is
clicked. (Note: this is an approximation, and may not represent a good
description of the real — transmitted response from the antenna).

Once the impulse response function is set the spectral deconvolution
An example of spectral deconvolution is shown in

operation can be run.

the next figure:
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O Filtering:  \kisatchie\handmarker\ 1o D.&l

output |\migrate\ migration input directory

velocity model |constani r ‘
dielectric |18.37
vel mins [—007 search

width [97 A = —
="l O Deconvolution Filtering
sample start [3
sample end IW
output |\hilbert\ hilbert
(" magnitude
(" absolute (& phase
output [¥filter\ backgrnd|
el
sample start [3
sample end [51—2
(" line-by-line (~ channel-by-channel
@ grid-by-grid  (Nchannels=16)
output |\boxcar\ boxcar
width [1
height | 1
output |\bandpass\ bandpass|
lopass-MHz [ 475 "
hipass-MHz  [105 | L—
whiten/gain  spectra | whiten

B =61

|info.dat
- BATCH
(@ [resample\ @ [File___033dzt =>

depth (ns)
(su) awp

5 5
output |\regain\ regain E ,:;
o o«
@ 2
h=
output [\deconvi cepstrum
deconv gain | 800

impulse | deconv

EEH

X (m)

If the proper impulse response function or a reasonable candidate for the
response function is not set, very wild results in the impulse deconvolved
radargram can result. There are many other kinds of deconvolution
algorithms, however, none of them are a perfect medicine for removing
multiples. Future updates may provide for additional deconvolution
algorithm.
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FK Filtering

Filtering: \treasure\ - 0
\migratel migration | '
velocity model | block -‘ i 1- paint/blank out fkrad components in one quadrant only -
dielectric |5 24 T ==z 2- click the fkrad button to see fitter results
velm/ns 0131 repaint store | fkfiterdat import
width [71 ‘ﬁ
gain [ 4 “search |
sample start | 21 TR FK transform: \radar\37RD41.DT1 or'\gi nal
sample end | 200 2
\hilbert\ hilbert
@ magnitude @
" absolute (" phase
|¥iter\  autoset [v backgrnd

sample start | 3

sample end | 200
@ line-by-line
" grid-by-grid

\boxcarl boxcar
width | 2
height | 1

\bandpass\ bandpass|
lopass-MHz 600
hipass-MHz 211

whiten/gain ~_spectra | whiten pot+ FK filtered
o m . S
plot-

| \regaint regain

fk.g+

\deconvi cepstrum
deconv gain | 100 fkg-
impulse | deconv
e
Fod
\deconwvi fK filter ‘

FK filtering is implemented by transforming the radargrams into 2D
spatial frequency space and then allowing specific frequencies to be
blanked out before transformation back to the time domain is made.
Removal of specific spatial frequencies — much like discussed with 2D FFT
filtering of time slices in the Grid Filtering section - can enhance features
or reduce observed noises. An example of FK filtering is shown in the
above screen shot. Using either a paint mode with a user set brush size
or capturing the FK components, the users can blank out the desired
frequencies.  Sloping or diffraction components in the radargrams are
suppressed by choosing frequencies components in the FK transform
which are normal to the observed features time domain. FK filtering
would be useful for also removing some kind of observed directional noise
that might be observed in the radargrams. Batch processing can be
implemented as well as options to store customized FK filters that are
designed. (Beta designation is applied to the FK filter since it is currently
limited to radargrams with limited scan density under a few thousand).
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Radargram Threshold

A new menu called Analytics was added under the Filter draw down
menu (screen shot). The first operation added to this new menu is a Rad
Zeroing button. Often on a radargram display one might only want to
show data above and below certain amplitudes on the pulse. Trying to set
this with just the color transform can be accomplished visually, however
the displayed data are only colorized and not actually changed in the
radargram. With this new threshold option, the user can independently
set the negative and positive threshold below which all recorded radar
values will be shown as zero. The operation will also write the radargram
with threshold applied to the \work\ folder. The filtering operation will
set all pulse values less than the set min/max values to binary 0.

Note: For the Hilbert folder the negative threshold is idle as no negative
values exist from this filtered radargram.

File Reverse MNavigation Slice Grid Pixel Radar 3D volume | Filter | Static Animation Help

project | folder | options radar open
- g T fllter
3D migration
g

|
grreasul €

|\wurk\ | Rad Zeroing
+threshold 2000
-threshold -8000

\radar\
‘resample\
Yfilter\
\migratel
‘hilbert\
\boxcar!
\bandpass\

37rd41.dt1
37rd42 dt1
37rd43 dt1
37rd44 dt1
37rd45.dt1
37rd46 dt1
37rd47 dt1

radargram +/- amplitude zero thresholding

RS RS RS TS Tl ]

DT®HHHHD

\boxcar\aTrd60  x=9.5m

0

60
120
180
240

depth (cm)

290
322
354

0

60
120
180
240

depth (cm)

290

322

354
32768
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Multi-Folder Radar Display

Showing multiple processed folders for radargram displays can be
done in the 2D Radargram Menu by clicking on the desired radar folders:

Radargrams: treasure -8
title1 mfnﬁlelinfn,dat
title2 starting# 1
1% [37rD41 M1 3
#of radargrams | 2g draw £ =
fdraw | 21 [31Ro42.0m1 _Fi,ada,\ z

]| 2 - 3+ [37RD430M1
radargramé# [ 15 E. 4% [37rD44 DT1 r -

it 5
samples to Ons [ 16 _seqmnt| ¥ [37rRD45.DT1 Fliﬁ\ter\

sample- start [ 15 end [ 200 ?:: 2:23: g: [ [imigrate\ ;:
range: slan,n_ end [1g & [E I 2
transform [ 21 elp set | ®I¥ [37RD49.0T1
gainfactor [ 1 form ::l' 37RDE0 DT1 [+ [ibandpass\
linear gain [3 12:: 37RD&1.DT1 [~ topot £
exponent] gam,u_ 1 ::ggzg: r’\rng i’?
color table ,1_ 14 ¥ [37rD54 DT1 I_W
scan display ECETII 2 s 1% [ [37RD=5.0T1 [[ledt | _thilbert3TRO55_x=T m
80% 16 [ [37RD56 DT1 okt

skip N Scan [ 1
autoscaling

origin X| 70 Y |50

70% 17~ [37R057 DT
0% 18+ [37rp88 D71
100% 191 [37R089 DT

depth

length xl_ggu Y |—mn 125% 37RD60.DT1
150% 217
shift Xlg_Y |13T 200% 2 .
23 =
[~ bmp [ jpg I £ 2
screen  ( all 247 z

dump G ast 2]

identifier | testjpg onfoff  next>  <prev

Radargram Appending

All the radargrams written into an information file can be appended to
a single radargram file using the new Append All Radargrams button in
the Radargram Edit menu. The option is provided in the menu
traditionally used for just time O editing. After the appending option is
completed, the user will need to create a customized information file to
display the appended radargram name.
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Ons Radargram Editing: \treasure\ - B
Output | \edit\ truncate :
Input Directo
sample start | 21 append P v
end 200 ident
& [wadar | 37RD41 DTH
Output | \edith truncate horizon? ~ [wesampie I 37RD42.DT1
3TRD43.DT1
Output [edit\ auto Ons ® | [37RD44DT1
line-by-line + [\migrate\ | 37RD45.DT1
truncate
: 37RD46.DT1
Output [leditt i (s ™ | \hilbert\ |
| 37RD47 DT1
scan-by-scan + (| \boxcar\
truncate | 37RD48.DT1
(™ |\bandpass\ | 37RD49.DT1
| ‘topo\ | 37RD50.DT1
~ [wregain\ | 37RD51.DTH
Threshold{.05=>5%
reshold( ) 25 ~ [idecom | 37RD52.DT1
start from sample N 0 | 37RD53 DTH
(@ method 1: Nthreshold breach - Nsamp | \work\ | 37RD54 D11
" method 2: Npeak response - Nsamp | 3?RD55-DT1
e 0 _ [37RD56.DT1
starting radargram| 1 | 37RD57 DT1
Qutput | \edit\ scan resamp #of radargrams | 20 | 37RD58.DTH
new scan length| ( overall gain [ 1 | 37TRD59.DT1
| 37RD60.DT1

[ processing graphics

Qutput | \edith truncate scans || [0 - autoscaling I
start scan ]—0 Radargram Binary File Appending H—
end scan |

I append all radargrams I
append name all.dt1

37RD41.DT1 to 37RD60.DT1 appended to \treasure\radar\all.dt1

OK

ASCII to *.xyz *.xyza, segy and segy3 radargram export

Several buttons in the Filter menu were added which will allow the user
to export any processed radargram into several requested formats:

e .XYZ is a simple asci file written one pulse after another

e .XYZA is a 4 column file (see screen shot) with each radar pulse
written as X,y,z and the amplitude

e SEGY is the standard seismic format

e SEGY3 is the standard 3d seismic format
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X and Y are the horizontal position of each sample value recorded in
the radar pulse; the Z value is the depth of pulse sample based on the
time/depth axis chosen in the Options menu. If nanoseconds is chosen Z
will be in nanoseconds - if a depth unit is set then Z will be converted to
that depth unit using the active velocity.

Once the operation is run, the processed folder that was set will have
ASCII files with the extension *.xyz, *.xyza or segy written. Note: The
size of ASCII files are significantly larger than the binary format used for
radargrams so don’t be surprised to see the converted radargram in
*.xyza format being 5-10 times larger on disk.

compiling ascii export file 37rd60.dt1.xyza file 20 of 20 - B
\migrate\ migration input directory info_dat
locity model :
R dr.m ! | block -‘ ¢ |vadart @ [37rdd1dtt RSP
ielectric | 2197 = BATCH
kirchhoff ¢~ |\resamplel | 37rd42.dt1
vel mins | 0 064 >
) | Vfilter\  [37rd43.dt1
width | 47 lﬂl .
; (™ | \migratel | 37rd44 dt1 process 1 | handpass -
gan | 3 search
¢ | hilbert\ | 37rd45 dt1
| 16 r‘ (& |\boxcarl i ]
e end A . B _
| sample end | 200 - [bandpass\ - E | 37rd50.xyza - Notepad
thilbert\ hilbert | topol " File Edit Format View Help
@ magnitude @ ¢ | \regain\ - ity=
(" absolute ( phase  [\decann 'S x(m), y(m), z(cm) velocity= .
Wltonl © suioset [ | backgrnd) O tedit * il 2,2,2,52999993425971 161
SN ~ length [ 93001 I:(D ¢ [worky . At i *7
= o ~ | 4.5,0,2.56000006851942,-1212
sample end [ 200  backgrnd starting radargram# [ 1 ~ | 4.5,0,3.84000010277914,-4477
@ line-by-line BE' #ofradargrams [20 ¢ | 4.5,0,5.120000137@3885, -8987
(~ grid-by-grid T e « |4.5,0,6.40000017129856,-10023
oo boxcar ¢ radar2d-size C | 4.5,0,7.63000020555827, -6622
width [ " auto-size © 14.5,0,8.96000023981798,239
heignt [ 1 40% ¢ 4.5,0,10.2400002740777,4803
— 5 — ((: 4,5,0,11,.5200003083374,5355
an ass|
T;p:::imz e E 70% ~ | 4.5,0,12.8000003425971,3212
) 80%
hipassMHz | 32 s ~ | 4.5,0,14.0800003768568,1451
whiten/gain ~ spectra | whiten 100% ~ |4.5,0,15.3600004111165,7392
ra0 | O I 110% ~ |4.5,0,16.6400004453762,17993
]ég; 4.5,0,17.920000479636,27767
o
regaint regain 200% <
e = fo asclio asc ASCIl XYZA radargram export H
deconv gain | 110 |..@ |
) . A reset log
impulse | deconv to segy |to se *xyza ascii files written to boxcar\ folder N
e BT
i E—
\deconvi fk filter \work\ rad1-rad2
m bandpass 5 E-E
i LS
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3D OpenGL Volume Menu Overview

GPR-SLICE Ground Penetrating Radar Imaging Software: \treasure\

File Reverse Mavigation Slice Grid Pixel Radar 3Dv0|ume|FiIter Static Animation Help

project select 3d file
E cylinder warp
tunnel warp
convert/extract 3D binary to xyzg ASCII
convert/extract 3D binary to xyzgirgb ASCII
convert/extract 3D binary to xyn trace ASCII

extract 3D volume XYZ planes to 2D *.grd format

Open GL Volume

Open GL Volume + draw
Open GL Volume xyz-2D

Open GL Volume xyz-2D + draw

In this 3D volume presentation menu the user has a host of possible
display options including:

X, Y, Z plane displays
3D radargrams
Isosurface rendering
Horizon surfaces
Netplots
Transparency displays

The requirements of the user to access the 3D Volume menu is to
have created a 3D binary file within the Grid menu. If the user has not
created the 3D binary file from the desired 2D grid dataset or from direct
radargram insertion into a 3D volume with multichannel options, a
message box will appear that the 3D binary header file (with the *.hed
extension) was not found. Open GL is the primary visualization tool for
examining 3D volumes of GPR data.

There are 3D and 2D Open GL menus for display of time slices and

volume elements. To access the 3D displays, there are currently several
Open GL menus to choose from listed on the 3D Volume pulldown:
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e Open GL Volume - is the main Open GL visualization display.
Opacity/transparency options are not included. XYZ fence displays
are drawn as vertex quads in the volume.

e Open GL Volume + Draw - is the main Open GL Volume display
with the added option toolbar for placing pipes, 3D rectangular
shapes, or spherical/ellipsoidal objects into the volume.

e Open GL Volume XYZ-2D - is a 2D viewer of the 3D volume showing
X, Y and Z cuts of the volume with controls on choosing Z anomaly
locations for instantaneous showing on separate X and Y plane
displays.

e Open GL Volume XYZ-2D + draw - is the same 2D Viewer but will
also launch the drawing tools menu.

Open GL Volume Visualization

OpenGL (Open Graphics Library) is a standard specification
defining a cross-language and cross-platform API for writing computer
graphics applications. The Open GL consists of over 250 different
function calls which can be used to draw complex three-dimensional
scenes. OpenGL was developed by Silicon Graphics is widely used in CAD,
virtual reality software, video gaming software, scientific visualization,
information visualization, and a host of other industries. OpenGL is
managed by the non-profit technology consortium, the Khronos Group,
Inc. Open GL for Power Basic which is the language that GPR-SLICE v7
is written in is also supported in Open GL.

In order to effectively run Open GL one will need to have a
computer with a separate graphics card with at least 512 MB - but the
more the merrier. Any computer with just an integrated graphics card
will not be able to interact with GPR volume in a very instantaneous real-
time experience. We recommend NVDIA graphics cards providing the
best performance for Open GL applications in GPR-SLICE v7.

OpenGL Volume has been developed and built-in directly to GPR-
SLICE V7 which allows mixing and matching of the following elements in
the same graphic dialog and volume:

3D volume slices topography

3D radargrams isosurfaces renders
horizon surfaces chair cutaways
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Shown in following diagrams are examples of various displays that can
be accomplished in Open GL Volume. The user can store any element
to the screen using the "Store" button and then toggle through to other
desired displays by clicking the appropriate buttons — Radar, X Y or Z, or
Horizon. In the following pages there are some examples of the kinds
of visualizations that can be achieved with Open GL.:

() GPR-SLICE - Open GL Volume Display: la3d.dat
helpset focus [ colcut Ji ilor up | In0 | dn [ lo-hicut| topo.grd - | psp- | psp+| dn | up ‘5I0w| fast| bmp‘ J[s0] | a identfier
297865.| 516012 ,TUEHSP J' xy | — } v-xfm hrzn | net | cont| ﬂ1_ z+ |xy ’W xy+| stop| It | t | make animation | beta google I-cmz|

1]
297877.| 516015 71.9[ lite isu-Lm iso | X YH r-xfm | | \radar\ ﬂ step- |step+ buuncelsturelrut-xy rm-z| trajectory anim.
grid2d | GPS/xy pw |[ fill stat | export | 2Doff | O | S | R JFILE 023D~ 2 J— clear | title | [ Z-solid-beta

In this example several GPS radargrams along with a single z slice are
shown simultaneously. First the radargram folder was set, followed by
clicking the R button, then the store button to save the desired
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radargrams to the screen. After that, the z button was clicked and the
slider bar adjusted to scroll to a desired z plane.

An interesting view for the OpenGL Volume display is to see the
radargram side-by-side with a fence diagram in the exact location (as
seen in the following diagram). One can visualize the GPR-SLICE volume
image with the raw radargram to see how reflections are
imaged/transformed by the slice operations. One will be able to discover
that some anomalies, in which no coherent reflections are seen in the
radargrams, are clearly illuminated in the 3D amplitude volume, when the
volume is generated from normalized and interpolated time slices.

[ GPR-SLICE - Open GL Volume Display: a3d.dat

helpset [foCUS [~ coleut | Llcrlﬂ In0 | dn | lo-hicut L‘ psp- ‘ psp+‘ dn slow‘ fast‘ bmp] ipg [ iso identfier
V,oi[g—transp % Xy 7_'7 v-xfm hrzn| net‘ com‘ ilm z+ Ixy- Uﬁ xy+| stop| It | rt | make animation | beta google kmz
108 44 35.14 lite isil@ﬂ XpyYypz HJfom I\radar\ ﬂ step- | step+| bounce rot-xy | rot-z | trajectory anim.

grid2d [ GPS/xyplt +|[¥ fill  stat | export | 2Doff | O [ s | R Ja069.dzt |z ——— [ clear| tle | [ Zsolid-beta

OpenGL Volume also has angled cuts through the volume. Clicking on the
XY button the user can control the angle of the cut with the XY slider bar,
and also advance the cut through the volume with the 2nd XY client slider
bar as shown in the next screen shot:
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) GPR-SLICE - Open GL Volume Display: a3d.dat
helpset [fOCUS [ colcut J— color{ up| In0 | dn \r lo-hicut psp- ’psp+‘ dn | up Islow| fast' bmpl irg | iso identfier
’—[—I—UEHSD I Ixy J v-xfm hrzn‘ net‘ cont‘ um z+ lxy ,ﬁ xy+‘ stop | It [ rt [ make animation | beta google kmz |
108 35.1[ lite iui iso i | Z | H| rxfm | \radar\ LJ step- |5tep+| bounce | store] rot-xy rot-z‘ trajectory anim.

grid2d WW fil stat | export | 2Doff | O | s | R | a069.dzt clear | title | [~ Z-solid-beta

A solid 3D cube volume can also be obtained in OpenGL Volume by
clicking on the Z solid (beta). This is given the designation of beta since
real 3D voxels are not be shown - the software detects the outside edges
of the level slices and renders the sides only. This saves on memory. An
example of a solid look of the display volume is shown in the next screen
shot:
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©) GPR-SLICE - Open GL Volume Display: a3d.dat
helpset foCUs [~ colcut % coloJ_up_I In0 | dn |l lo-hicut _] psp- ‘psp+, dn | up ,slow, fast l bmp‘ ipg | iso identfier
FO 0. FO transp J Xy v-xfm hrzn‘ net‘ cont‘ z- ’7)~9 z+ I Xy- ]—1_—9_ xy+[ stop | It ‘ rt | make animation | beta google kmz ]

108 44 3511 lite iso- W iso T Y | z ‘ H | r-xfm | | \radar\ L] step Step+‘ bounce|store‘ rot-xy rot-z| trajectory anim
grid2d [GPSixyplt + | fil  stat | export | 2Doff [ Of S| R | a069.dzt ~v|z f|————— clear| tile |NutubaruKofun [v Z-solid-beta

Isosurface Rendering

Isosurface renders are displays of surfaces of equal amplitude in the
3D volume. Shading is used to illuminate the surfaces to give an
appearance of a real 3D image in the ground. The Marching cube
algorithms with lookup tables were implemented in GPR-SLICE since
June, 2010. Marching cube algorithm provides unique drawing orders for
illuminating the triangular vertex planes that intersect a voxel. The result
of implementing marching cubes is significant increased speed for display
of isosurfaces.

GPR-SLICE v7 rendering calculates possible surfaces within the 3D
volume and will display any surface the user sets between 0 and 100% of
the maximum amplitudes in the volume. The 100% surface represents
the strongest surface in the volume and 0% isosurface represents the
weakest reflector. If for instance O were inserted in the isosurface setting
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in the Open GL Volume menu, then the entire 3D volume would be
illuminated and nothing would be seen within the volume. Likewise,
setting the surface to 100 would only show a single spec in the volume
which would correspond to the maximum reflecting surface recorded.
Using transitional values such as 50 would illuminate a surface which is
50% of the maximum value in the volume. Most projects will default to
an initial value of 75% for the isosurface. A static isosurface option
called ISO in the Open GL Volume menu has a predefined “shaded” color
table which is set in the Color menu in the Options menu. The colors or
shading do not change with rotation of the 3D volume with the ISO
display. Here is an example of the isosurface threshold set to 42% for a
concrete structure:

© GPR-SLICE - Open GL Volume Display:  \kisatchie\concrete\:
helpse 'fncua Fﬂwl-cm }———— calor|up| 10 [ an

7 \Elwsan‘ Milsnl x|y|z|H[m
v

stat [ export | 2Dof [ O S| R[4l

15 20 25
x (in)

Open GL lighting of isosurfaces

True real-time lighting of isosurfaces is now available using the ISO-L
button in Open GL Volume. If this button is clicked Open GL lighting will
engage. Rotating the volume one can see the shading on surfaces real-
time. Open GL volume currently uses a two light source hardwired in the
display which gives a nice real-time shading to the isosurfaces.
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€ GPR-SLICE - Open GL Volume Display: \klsatchle\concrete\:
helpset]’ocusl— qd-1 col-cut _Ii color|up| In0 |dn v psp- | psp+| dn | up |slow| fast store jpg || za
m It | rt | make animation

0 0 1 transp. _J— l_ lo-hicut v-xfm | hrzn | net | cont +
48 |24 [4 [ iitefisoL] 44fiso X|Y H \iesample\ v s +| bounce | stordf r

£ @ rot-z
grid2d [ GPS/xy p w |V fill stat | export | 2Doff [ O[ S| R [file_ 001dzt w|Z2 ————— clear| title | [~ Z-solid-beta

identfier

The advantage of ISO-L is that it will follow the color table of the
corresponding isosurface threshold, in the 3D volume. The color will have
lighting applied to give it a real time depth appearance with shading.
This will better help to show anomalies that are colorized within the
volume feature. Several examples are shown in the next diagrams.

In the diagram on the previous page, an example of post tension
cables and rebar are illuminated with an isosurface (shown at colors
corresponding to green threshold reflection amplitudes in the 3D volume).
This dataset is from the Kistachie Advanced Users notebook available to
all users on the ftp site (www.gpr-survey.com/practice)

Note: Turning on lighting will automatically click on the lighting checkbox
in the menu. Lighting will also have some effect on displayed 3D fences
depending as the volume is rotated and tilted, as well as radargrams
drawn to the volume. Un-checking the lighting switch and then redrawing
any of the XYZ fences or radargram will show these elements without the
lighting on. Isosurfaces can also be mixed with GPS radargrams:
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© GPR-SLICE - Open GL Volume Display: gssi-gps: gps3d.dat
helpset OCUSI—MCO"CU' _]7 color|up| In0 | dn v psp—|psp+| dn | up Islow| fastl store Jpg | ziso  identfier
1245391

532501|0.  transp. _}7 [ lo-hicut v-xfm hrznl net l contl z- 1. z+ Ixy 1.6 xy+] stop| It | it ! make animation
[124546.[ 532647 [59.6 [ lite iso-L| 75 iso | X | Y| Z | H [ rxfm |[vesample\ w|  step-[step+| bounce | store| rotxy| rot-z| trajectory anim
grid2d [ GPS/xy p w |~ fill stat | export | 2Doff [ O[S [ R |filet7.dzt v|z f———— clear| file| [~ Z-solid-beta
/‘_‘S:““\._‘ .
== : :
/?‘“ 3
= 4
=\
o
= S
".."’é
- a
=7 5
e
- =
< ()
< 4
4] A

Open GL Transparent Displays

Transparent displays in Open GL can be achieved using the Open GL
Volume Texture Method - Beta method menu. In this example an opacity
slider bar is used to set the amount of transparency. Completely opaque
elements can be placed in the Open GL volume and these should be done
first before transparent images are drawn. With the slider bar completely
to the right 100% opaque drawing is done. The example shown has an
isosurface within an isosurface by first storing an iso-l isosurface at
(85%) then using the opacity slide bar and drawing a weaker isosurface
(at 42%) on top of the previously displayed isosurface. Any element can
be placed into the volume including XYZ fences or radargrams as well.

Note: As a requirement of Open GL, opaque elements should be placed
into the volume before transparent elements are stored!!
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© GPR-SLICE - Open GL Volume Display: \kisatchie\concrete\: lIx+y3d.dat

helpset Ifocus [~ chajg|col-cut |

: rolorlupl In0 ]dnl b psp- | psp+| dn up | slow| fast store jpg || za i
0 0 1 transp. |——— I I~ lo-hicut v-xfm| hrznl net | cont| z- | 09! z+ | xy- | 1.5 xy+| stop| It I rt | make animationl
48 24 4 [~ lite] iso-L| 44 }iso X | Y | z | H | r-xfm | | \resample\ LI step-lstep+| bounce | s!orel rot—xyl robzl trajectory anim. |
grid2d | GPS/xy pit ~ [~ fill stat | export | 2Doff | O | s | R [file 001dzt |z clear | title | |

9

O
4
[
-
. i
£
O
O

Another possible combination display with transparency is shown in the
next figure:
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helpset us [~ chair |col-cut J— color|up| In0 |dn Iﬁ psp—I pspl—l dn I up Islorwl fast store jpg | z identfier

0. 0. 0. transp [v lo-hicut v-xfm | hrzn | net contJ = 1. |E=8 I xy—lT xy+| stop| It | rtl make animation I

10. 10. 73.6[  lite w iso X I o I Z I H r Irsa‘nmlg step- step+| bounce I storel rot-xy rot—zI trajectory anim. I

grid2d [GPS/xy p =]~ fil _stat | export | 2Doff [ O [ s | R [37ra41dt1 Bl I—————— == & [~ Z-solid-beta

)-NS

Negative/Opposite Isosurfaces

Isosurface displays in GPR-SLICE have typically been used to render
the 3D surface of the strongest amplitude thresholds in a volume.
Sometimes, the low amplitude surface has more pertinent subsurface
information that is needed than just the strong amplitude portion. For
this reason, the isosurface displays have been extended to render the
weak reflection portion of the volume. To implement this option, a
negative value for the isosurface percent threshold in the OpenGL Volume
menu can be set (Figure 6). An example for the Nutubaru burial mound
is shown. A weak circular reflection is seen which represents a
subsurface moat. The moat reflections are weak at this level since the
radar waves have not yet encountered the bottom of the moat and are
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just transmitting through the homogenous soil fill within the moat. Using
a negative isosurface, the weak - blue portion of the volume and the
moat can be illuminated. In this example, the top portion and surface
reflection in the volume are removed by setting the top time z level at
15ns to remove all reflections to this level (see upper left hand menu slot
items in the OpenGL Volume screen shot).

O

GPR-SLICE - Open GL Volume Display: a3d.dat
helpset focus ccut color| up | In0 } dn ~| psp-|pspt| R | it |dn|up

bmp| jpg | 1so identfier
| 0 M ransp | xy I v-xdm hrznf net| cont z_l.\,il Z+ | xy- 1’11‘ xy+ 550»’-] fast make animation | beta google km
iw‘r'f"i [44 E ite 1s0 [5 fiso X | Y| Z | H|r-xtm >7dl~:' '— .s‘teo step+| bounce | store! rot-xy I rot-z trajectory anim |
grid2d [GPSixy pt v | fil  stat==®%bort | 20off | O | S | R | a069.dzt z clear '7'

=z b clear ttle v Z-sokd-beta

Isosurface Statistics and Export

Open GL Volume has an option to provide statistics on displayed
isosurfaces. A new button called stat (for statistics) located below the
isosurface options, will generate a dialog giving the number of grid cells,
and the volume of these grid cells associated with the isosurface. The
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calculated volume is a function of the nominal velocity of the site (set in
the Options menu). An example of isosurface statistics is shown in the
next menu screenshot. The focus option can also be engaged to only
show a desired portion of the isosurface volume to the screen.

helpset |f°°U5|7 qd-2 |‘3°|'C'Jt }— colorlp In0 '] psp—psp+ dn up slol fastl [ store jpg iy ‘i

55 0 25  transp. _l— [~ lo-hicut v-xfm hran net | contl z- |03 z+ I xy- | 0.9 xy+‘ stop| It | n| make animation
108 44 34.4|v lite iso- Ll 35 iso | X | 4 f | H | r-xfm I\resample\ LI step- step+l bouncels’(orel rot-xy rot-z[ trajectory anim.
grid2d [GPSixy pit | fill  stat | export | 2Doff | 0| s | R [a069.dzt |z F——— clear| file [w.GPR-SURVEY.com)
HNutunaru
255
zecan=14 2=120 58C -'
< B88-cm |I :_ 191
(I
o8 ,[ IL 128
! )
108 -' 64
Volume Statistics X|

volume a3d.dat

size 181x 158x 14

N cells 400372

isopercent 50

N cells> 12391

velocity .07

unit volume 0.0014m*3

i50% volume 17.965m"3

55m 65 75 85 95

Several export formats for the drawn isosurface can be exported in the
OpenGL window including:

*txt - csv 9 column format with the xyz vertices of the isosurface
triangles

*.dxf — an autocad readable format for triangles that form the isosurface
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*.stl Standard Stereo Lithography CAD software export format

An example of a *.stl format isosurface and read in a freeware in
Windows is shown in the following figure:

[®) GPR-SLICE - Open GL Volume Display: la3d.dat

helpset GFCUS ceut Ji color| up | In0O | dn | xfm hd 1 pSp- ‘ p5p+‘ It ‘ rt | dn ‘ up ‘ bmp‘ jpg ‘zEd identfier
fo.  [o. [5 tansp J Xy 7J v-xfm hrzn | net ,Ji s\ﬂwl fast ‘ make animation ‘ beta google kmz
10. 10. 72, W lite ’% iso ‘ X |y ‘ z ‘ H | rxfm | |‘radar\ ~ —‘ 5tep-‘step+‘ bounce |Store‘ rut-xy‘ rot-z traj anim | set ‘

- clear | fitle | I~ Z-solid

grid2d | GPS/xyplt  ~ 30 | o| s | R [37RD41DT1

Isosurface Export

isosurface ascii vertex files written to \3dfile\ folder:
75.0x¢t

755t < —

75.dxf

Import Model File's units ~ pm mm cm IIl
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Open GL Volume XYZ-2D Menu

€ GPR-SLICE:  Ground Penetrating Radar Imaging Software:  \gianfranco-stream-cnr-2010\
File Reverse Navigation Slice Grid Pixel Radar | 3D volume Filter Static Animation Help
project | folder &tlons T E select 3d file
borehole
cylinder warp
tunnel warp
convert/extract 3D binary to xyzg ASCII
convert/extract 3D binary to xyzgirgb ASCIT

convert/extract 3D binary to xyn trace ASCII
extract 3D volume XYZ planes to 2D *.grd format

Open GL Volume
Open GL Volume + draw

Open GL Volume xyz-2D

Open GL Volume xyz-2D + draw

) GPR- SLICE Open GL Volume Display: Ix+y3d dat

helpset [ col-cut  color i' no [dn|x [— Xy xy+ slow fail bmp| jpg “identfier
0 0 0 fransp. | r- xfm Yy — 0 8! z+ make animation | beta google kmz
step step+

[48 24. 5.39 [~ focus - 7 | v-xfm z store dn|up trajectory anim.

grid2d | GPS/xy pit v| focus svie o sviensrl 0 [ s [ file 001.dzt J‘\radar\ | bounce | clear | title ‘
save | pp
import v
section | delete
undo redo
DXF | DXFz-
reset
arrow keys
pgup pgdn
|.k-length
w,g-width
h,g-height
r.e-rotate
t,y-tilt

~ XSC 54 x=13.3 — — file  031.dzt x=34

y)
time (ns)

use CAPS
line | pipe | Itfop
sphere| rect.
rad/width [ 0.96 in
length Wln
height lmns
set size
tspoints-off

[~ annotate
read xypoints
read tspoints

| read tspointgl |
import points

The Open GL Volume XYZ-2D menu allows for simultaneous displays of
the X, Y and Z planes in the volume as well as the radargrams from any
folder. Clicking the mouse on the Zscan plot will simultaneous show that
cut in the volume along the X and Y planes real time. A mouse pointer
will be displayed simultaneously in the X and Y that is lock onto the
clicked anomaly location on the Zscan. If the bouncing of the Zscan is
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engaged, the pointer will cycle up on the corresponding location on each
of the planes. The pointer size/colour can be set in the Open GL Volume
XYZ-2D+Draw menu. There are also style settings that will make the y
cut rotated as well as a style setting to rotate the z plane 90 degrees.
The Style a+r setting will include the display of the nearest radargram
that is detected from clicking the Zscan anomaly for an XY survey. (GPS
radargrams displays are not available in this menu).

Time Slice Area Statistics

The stat button in OpenGL Volume can also provide 2D area statistics
based on the isosurface percent setting. Just clicking the Z plane and
showing it to any level in the volume, then clicking the stat button in the
menu will give the total area on the time slice greater or equal to the
desired isosurface threshold (Figure 10). If you just show the Z plane,
you will not really know the exact location of the area. The best way to
see the area is to show the isosurface first — store it - then display the
desired z plane - followed by clicking the stat button. One can also first
place the isosurface - then place a z plane - followed by adjusting the
slider bar to match the isosurface - followed by clicking the stat button.
The focus option can also be engaged to only provide the area statistic
from a selected part of the volume. It is common for geotechnical firms
to provide estimates of the areal size of anomalies such as for
delamination on bridge decks, void sizes, measurements of fill areas etc.
The stat option will make reporting this information easier.

~ | ot raj
_2Doff | |S|R 37rd41.dtt =z J— lear | tlle | [z

[ HE
= f : . Zscan Area Stafistil
) By
- I ume Ic3d.dat
5

xv cells 40000

N II 3368
area
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Open GL Volume Drawing Tools

Ol GPR-SLICE - Open GL Volume Display: Imaxxy3d.dat

Vhelpset ECUS!: colcut J— Vilorrwup inU vdnr 1: [u-hlculﬁ psp- ‘ psp+l dn Vup “Vslow‘v fast | mep[ jpg ”T identfier
rlo—[o_transp _J— Xy *J* v-xfm hrzn| net‘ contl z- (16 z+ ‘xy 24 xy+‘ stop| It | rt | make animation |beta google kmz|
[48—,24—IS_SST lite Mm iso T : | z ‘ H W ‘\radar\ LJ step- step+| bounce [store‘rot—xy rct-z‘ trajectory anim. |

grid2d [ GPS/xy p v [ fill  stat | export M o|s iﬂme_om dzt v|z2 —f——— M title | [~ Z-solid-beta

sectlorl delete
undo | redo
reset

DXF |DXFz-
arrow keys
pgup pgdn
| k-length
w,g-width
h,g-height
re-rotate
ty-ilt

T

ST

=
B
o
©
®

iy):ﬂ:

use CAPS

sphere| rect
radiwidt| 16
length [ 15
height [~ 16
set size
tspoints-off
I annotate
read xypoints’

rea sponts 0 3 6 9 1215182124 27 30 33 36 39 42 45 48

read

import points X (”—,)

GPR-SLICE is equipped with Open GL drawing tools to assist in the
interpretation of 3D volumes. These options are found by using the Open
GL Volume Draw menu on the 3D Volume pulldown menu. The drawn
objects inside the 3D volume can also be exported to DXF file format for
input into AutoCad software

Currently 4 objects can be inserted into a 3D volume: cylinders/pipes,
spheres, rectangles and lines/lines+pts. The user has keyboard controls
to adjust length, width and height of these objects as well as to
rotate/tilt.  All the control keys also have reverse keys to undo
rotation/tilting width/height/length etc. Repositioning is handled with
the arrows keys along with the page up/dn keys or also the mouse.
There is a section button which allows the user to go to any inserted
object and delete it from the mix. All the drawn objects are stored in a
file called openglobjectdraw.dat, which is an ASCII text file with
various columns of information. The user can take their own data and
modify these files to insert information from external sources as well.
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Pt-line sections can be added to the drawn tools by clicking the line
tool, then clicking the desired location on the Z plane. The section will be
closed off when the line button is clicked a second time. Clicking the line
button again will start another line section. Different colors as well as
options to number of the points using the annotate checkbox are
available. An example is shown in the following screen shot:

O GPR-SLICE - Open GL Volume Display: a3d.dat

helpset ocus o colcut _}—‘ c_olgr up' In0 vﬂJr Io-hicut/il_l psp~|psp+l dn | up |s|0w] fastl bmp[ g ”Fidentﬁer

IO—/—’—”SHSP _}— y| —F—— vxim hrzn’ netl cont! L’m z+ lxy- ’W xy+! stop| It ] it i make animation | beta google kmz’

’T/-M—ITT lite i"_ iso X Y l z ‘ H ‘ r-xfm ‘\radar\ LJ step- |step+‘ bounce ] store‘rot-xy rot-z| trajectory anim
grid2d WV fil  stat | export ﬂ, ofs _]Fom z [——————— ﬂi title

save

import [—_J

sectior| delete
undo | redo

reset

DXF [DXFz- zscan=35 z=119.53cm

arrow keys

pgup pgdn
| k-length
w,g-width
h,g-height

[V Z-solid-beta

re-rotate
ty-tilt

O |
® |

use CAPS
line § pipe
sphere| rect ]
rad/widtf] 03 ] /
Ien‘glh [03 ] 7 : : ‘ \/

- K 0 10 20 30 40 50 60 70 80 90 100
X (m)

i

tspoints-off

| annotate

read xypoints
read tspoints
read tspointgl
import points

Inserting pt-lines by:
step 1) click the line tool
step 2) click on the points on the z plane of the volume
step 3) click the line tool to end the line section

The drawing tools were also enhanced to sync to any X,Y, or Z plane as
well as any xy radargram . The drawn object will get locked to that

chosen plane or radargram. During drawing the plane or radargram
can be changed and the newly stored object will lock to the newly
drawn plane. A simple example of just drawing 2 points connected
between to cross radargrams is shown in following screenshot:
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O] GPR-SLICE - Open GL Volume Display: Imaxxy3d.dat

helpset focus [~ colcut Ji color| up | In0 | dn |l lo-hicut v | psp- ‘psp+i dn ‘ up |slowl fast[ bmp‘ jpg ‘ r2d identfier
0 0 lo_lransp _’7 M —F—— vxfm hrzn| net‘ contl z- [16 z+ ‘ Xy- [m xy*| stop‘ It ‘ rt ‘ make animation | beta google kmz|
48 24 558[ lite ﬂm iso | X ‘ Y [ Z l H JLXfm ['\regam\ LI | step- | step+| bounce ‘ store‘ rot-xyl rot-zl trajectory anim I
| grid2d | GPS/xyplt v | fill  stat | export | 2Doff | O | S | : 'flle_013dzt >z F—— ﬂ] title |
save
B
| import ﬁ
‘%non‘ delete
| undo | redo |
reset

DXF |DXFz-
arrow keys
pgup pgdn
| k-length
w,g-width
h,g-height
re-rotate
ty-tilt

[~ Z-solid-beta

B
o
@

|sphere| rect
rad/widt 05
length [ 05
height [ 05
set size

tspoints-off

[ annotate

| read xypoints
read tspoints
read tspointgl
import points

Open GL Volume - Anomaly Picking + Conversion to Pipe Features

Open GL Volume + Draw menu has options to store handpicked
anomalies. by launching the TSPoints button in the menu. The points
clicked on will be stored in an online dialog and also written to two user
files:

e TSpoints-GL.dat file - containing all the information in the
online dialog

e Tpoints-xy.csv - containing only the xy points of the chosen
anomalies.

An annotation checkbox is available to turn on numbering of the chosen
points.  Different X, Y, or Z planes or XY radargrams (not GPS
radargrams currently) can be drawn to the screen and the TSPoints will
follow the desired plane and output points in these planes when clicked
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on. The size of the drawn pt. can be controlled with the Set Size button
and the desired width, height, length of the pointer. On reentering the
TSPoints option the original data will be uploaded to the online dialog. A
space will be placed between new points that are added to the anomaly
file.
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TS points chosen can be easily exported into pipe features directly in the
OpenGL Draw menu. This operation can allow easily identifying pipes via
point mapping in 3D and then quickly get them into a 3D look. Drawing
pipes with tilting and rotation etc., can be done but is less efficient then
using point drawing initially. TSPoints operations in OpenGL Volume
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Draw allow collecting chosen anomaly points on either X, Y, Z slices of the
volume as well as on any non-GPS radargrams. These connected points
can then be converted to pipe features. The procedures are:

1) Click TSPoints on any X, Y or Z slice of the volume and at any level.
Points can be chosen anywhere in the volume as well as along X, Y
radargrams. (Figure 5)

2) After defining the lines, the comment section of the TSPoints dialog
can be modified with the word pipe, radius, and the color #.

3) The TSPoints button is clicked to convert the drawn points into a
continuous pipe features.

Points or utility features chosen on the time slices can also be imported
into OpenGL Volume. The steps here are to choose anomalies on the
times slices. If the anomalies chosen are just points to import, then the
comment section of the TSPoints dialog is left blank (as shown in the
following example. For pipes, identify these in the TSPoints dialog in the
comment section). Once the anomaly points are chosen, then in Open GL
Volume, one then clicks the import TSPoints button to get those features
to appear. The size of the points and the desire color can be changed
after import or after clicking the Read TSPoints button in the OpenGL
Volume draw menu.

Similar operations are available in XYPoints using the radargram and
then clicking the Read XYPoints button to import these to OpenGL
Volume. In addition, another button in OpenGL Volume called Import
Points will simply read and x,y,z comma delimited file to show these
points in the volume. The color and size of the imported points can also
be adjusted by clicking the Import Points button and after editing to the
desired settings.
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Conversion of Line Objects to Pipes for Quick Drawing

For drawing pipes in 3d can be time consuming to connect all the
sections as the rotate and tilt keys need to be used. To help speed up
the process, the user can draw the pipes quickly as a continuous line
function in 3D, and then press the new L to P (line to pipe) button (seen
in the next screen shot). The operation will read the current radius set in
the OpenGL Draw menu and apply this to the current drawn pipe section.
Before the button is pressed, the Section button will need to be toggled to
get to the first desired drawn line section to apply the conversion.
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DXF Export of Depth from the Local Topographic Surface

In the OpenGL Volume Draw menu a variety of DXF export files are
made to accommodate user requests. The latest export option provides a
DXF export file that will report the local depth from the local topography
for the drawn object (Figure 9). For this option to work, there must have
been a topographic grid created that was used to generate the binary
corrected topographic radargrams in the project. Anomaly points are
then chosen in the 2D radargram menu on the \topo\ folder (in the
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following screen shot). With import to OpenGL Volume Draw using the
XYpoints button, DXF export will write the absolute depth as well as
display the local depth as labels from the ground surface for the anomaly
points in AutoCAD.
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2D Perspective Switch in Open GL 3D

2D perspective switches are available for X, Y and Z planes to shut the
perspective off the 3D volume and allow for 2D flat perspective displays
for any volume element, including radargrams, to be shown. This option
is useful for making 2D output from the 3D volume display. The 2D
perspective button should be clicked to toggle to the desired X, Y, or Z
perspectives. An example of using the Open GL Volume (Topo Warp
Volume) menu to display a radargram warped from topography in a 2D
perspective is shown below:
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(@) GPR-SLICE - Open GL Volume Display: a3d.dat
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4 positions for the 2D perspectives on the 3D volume:

2D off - no flat project (default)

2D Z - projection looks down on Z axis
2D X - projection looks down on X axis
2D Y - projection looks down on Y axis

The 2D on/off button is toggled till the desired X, Y or Z plane flat
perspective for the desired projection on the currently drawn element.
The 2D projected volume is rotated in the Open GL Volume display, it will
show a non-perspective/orthogonal 3D display which will look a touch
strange. Clicking the prsp+/- button one can manually place perspective
back into the graphic. Clicking the 2D button till 2D off appears will also
automatically place perspective in the graphic as well.

The 2D perspective allows easy generation of topographic

radargrams or regular radargrams without having to do binary corrections
(see the Static section) for display.
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Overlay Analysis in 3D
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Overlay analysis provided in GPR-SLICE allows the user to overlay the
relative-strongest-reflectors onto a single time slice map. This
functionality has been available in the 2D Time Slice menu since the
inception of the GPR-SLICE for DOS. The 2D time slice menu was the
only location one could apply this very useful imaging technique. The
overlay analysis is now available in the 3D Open GL Volume menu as well
(although you have more flexibility in the 2D time slice menu). The “0”
button will add the relative-strongest-reflectors onto consecutive time
slice levels. To start the overlay one can click the “Z” button, step or
bounce to the desired level, then click the “O” button to start overlaying
the reflections from below the current level onto a single — overlay image.

An example of the “0O” button to make 3D overlay displays is shown

below. In the 3D display the individual transforms for each level cannot
be adjusted as they can be for 2D overlay analysis operations in the T-
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Slice menu, as a global transform is applied across the entire volume.
Nonetheless, visualizing the overlay analysis options in 3D provides
another way to present, observe and report adjacent and continuous
reflections that are variable reflection depths - onto a single 2D image.

An S button for skipping z levels in overlay analysis in Open GL
Volume is available. This operation requires clicking the 0-overlay
button, clicking the step+, then clicking the S button, followed by any
number of step+ clicks which will skip these levels in the overlay.
Subsequent clicking of the O button will continue the overlay process.
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BlueBox Batch(c) Processing

File | Reverse Mavigation Slice Grid Pixel Radar 3D volume Filter Static Animation Help

create new project
transfer data
create new info
edit info file
convert data

grid plot

gps track

BlueBox batch processing
. load/save

. basic

. basic + RSP

. basic + editing

: basic + editing + RSP

: ¥y decoupled gridding + RSP

: ¥y decoupled gridding + editing + RSP
. ¥y decoupled volume + editing + RSP

. basic + resample

. basic + resample + RSP

. basic + resample + editing

. basic + resample + editing + RSP

: ¥y decoupled gridding + resample + RSP

: xy decoupled gridding + resample + editing + RSP

BlueBox multichannel batch processing

GPR-SLICE v7 has complete batch processing for single channel as
well as for multi-channel GPR systems. BlueBox Batch processing is a
complete data operation stream from conversion of raw data to building a
final 3D volume - all via a single click of one button! Launching the
BlueBox, the software will automatically run through and show all the
different menus and real time processes in the those menu as the batch
run is operating. BlueBox Batch processing includes complete
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customized radargrams signal processing (RSP) as well as Ons editing
operations. The concept of "BlueBox” is introduced since the user - not
software - is required to set the necessary information in each of the
menus, before running the complete batch process - it is not a
completely blind “blackbox” process!

GPR-SLICE menus in v7.0 can record all the settings the user makes
even if no operations were run in all the menu. Once all the desired
settings are made, the BlueBox Batch run can be launched. For single
channel equipment there are 13 BlueBox processing streams available:

BlueBox: Basic

BlueBox: Basic+edit

BlueBox: Basic+RSP

BlueBox: Basic+edit+RSP

BlueBox: XY decoupled gridding + RSP
Bluebox: XY decoupled gridding+edit+RSP
Bluebox: XY decoupled volume+edit+RSP

The Bluebox designations

- Basic - refers to all basic processes to make time slices

- Edit - includes automatic Ons corrections to the radargrams before
time slice operations

- Resample - adds resampling of radargrams during slicing
operations

- RSP - includes a set of user defined geophysical signal processes to
be applied to the radargrams before slicing operations commence

- XY decoupled gridding - refers to separating x and y lines and
applying elliptical gridding operations before grid math

- XY decoupled volume - refers to pulse volumes where elliptical gap
interpolation is applied independently to x and y volumes before
volume math is executed

The Bluebox operations are given fuller descriptions in the following pages:

BlueBox Basic

Basic processing includes all the steps required to make 3D volumes
of GPR reflection data from raw data. This basic BlueBox process will
make time slices and 3D volumes all the way from raw data with one
button click. The 10 steps outlined in the BlueBox Basic batch run
include:
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Step 1: conversion

Step 2: reverse

Step 3: navigation

Step 4: search Ons

Step 5: slice/resample/xyz
Step 6: grid helpset

Step 7: gridding

Step 8: grid smoothing
Step 9: 3D file

Step 10: Open GL

Prior to running the BlueBox the gain curve can be drawn in any of the
Convert menus and the software will now record and remember the
settings upon exiting this menu. Convert gain menus are still required
for most GPR equipment such as Mala and Sensors and Software since
these equipment are recorded with 16 bit ungained radargrams. Other
manufacturers’ record with gain, but these can also be optimized on
conversion.  Settings in all the other menus such as the # of slices,
should be set and the desired time slice identifier placed in the
Slice/Resample menu. You do not need to set the Ons as this can be
automatically found.

All the operations are indicated with checkboxes which the user can
set for their customized datasets. In general all the checkboxes will be
clicked on before running the BlueBox. For instance, if the radar lines
were collected in a zig-zag survey in the field, then the Reverse checkbox
would be clicked on. The user will also need to pre-define which lines
are reversed before starting the BlueBox run. If the lines were all
collected in the forward direction, then the Reverse check box would be
unchecked. For GPS datasets, the Reverse checkbox will be disabled to
insure these lines are never reversed since they are defined by the GPS
track.

Navigation for BlueBox operations currently has only 2 available:
Artificial Markers or GPS Trace# options. Field marker options are not yet
provided for BlueBox runs because these datasets often need user editing
to adjust the number of recorded markers to match the information file.
Navigation operations will automatically check the *.GPS files to see if the
5t column of the files contains scan numbers or is just set to 1. ™“1”
indicates that there is no corresponding scan numbers with the listed
navigation and simple artificial markers are generated based on the total
number of scans and the total number of GPS listings in the information
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file. Trace # navigation is only read if *.gps files have scan #’s in the 5t
column of the navigation files. All other surveys are assumed to be from
survey wheel collected datasets.

Slice/Resample/XYZ is run on the \radar\ folder where the navigation
was applied. Prior to running Slice/Resample/XYZ the user can have the
Search 0Ons detection run all automatically as well. Next the Grid Helpset
operation followed by Gridding and Grid Smoothing will be executed.
Currently, the Grid Smoothing will use the 3x3 lo pass matrix or another
filter should that have been highlighted in Grid menu.

After gridding is completed and grid smoothing, the Pixel Map menu is
launched and grid interpolation and 3D file compilation are done. The
user can have any number of interpolations compiled. In addition, the
normalization can be set to whatever is desired. For most archaeological
applications, relative normalization is useful. However, for stratigraphic
(geologic mapping) or even engineering applications, sometimes the
Absolute normalization that follows the gaining in the radargram pulses
can be used with some success. Finally, the 3D volume can be
automatically opened in Open GL.

Note: The user can make successive BlueBox basic runs and change any
items they want, such as identifiers and other items. However, if they
use helpset buttons, then the defaults from these button operation will
prevail and reset what the user may have adjusted. For instance, if a
users want a specific customized grid setting in the Grid menu, they could
manually set these, then click "Grid Helpset checkbox to "off" in the
BlueBox run, insuring that there customized settings are used in gridding
operations.

Bluebox Basic + RSP

BlueBox Basic + RSP batch runs include all the Basic operations
previously shown along with radargram signal processing. The desired
radargram signal processes are set in the Filter menu first under the RSP
batch heading. In the following example bandpass, background filtering,
migration, and Hilbert transforms are the RSP to be applied to the
radargrams. There are checkboxes next to the bandpass filtering as well
as the migration operations. If the checkbox is highlighted this means
that during the batch operations the software will prompt the user to
either insert the bandpass cutoff frequencies manually for bandpass
filtering. For migration, the checkbox on will prompt the user in the
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Hyperbola Search menu to set the velocity curve or value to be used in
migration. For Regain operations, checkboxes for prompting for the gain
curve can also be engaged.

The Basic + RSP BlueBox Batch run will generate time slices of the
final RSP radargrams, and then starts back in the Navigation menu (e.g.
Blue 7:) to set markers and then continuing on to slice/resample/xyz
operations. Initially the \radar\ data is resampled to the \resample\
folder. The final filtering operation that is completed on the radargrams
in the Filter menu becomes the input directory for running the navigation
operation.

© BlueBox Batch Run _ ol x|
info_dat ¥ processing graphics

—  BlueBox Run: Basic+RSP |—

blue 1: Conversion
blue 2: Reverse
blue 3: Navigation
blue 4: Search Ons
blue 5: Slice/Resample/XYZ
blue 6: RSP Batch
[+ bandpass (lp= 662 hp= 58MHz)
background
[v migration
hilbert
blue 7- Navigation-artificial markers
blue 8: Search Ons
blue 9: Slice/Resample/XYZ
blue 10: Grid Helpset
blue 11: Gridding
blue 12: Grid Smoothing
blue 13: Autogain/Interpolation/3DFile
blue 14: Open GL

BiRREEE

RRREEEEE

~ terminate |

Note: For Basic+RSP runs, the time slice grids will automatically be
appended with the extra identifier “rsp-" on time slice creation.
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BlueBox Basic + Edit (Ons correction)

Many users often have datasets with varying Ons offset. The varying
Ons offset might have been caused by the user making variable settings
or by drift within the equipment. Also, multi-channel systems almost
always have variability in the Ons position between channels. For this
reason, radargram editing and truncation to a common 0Ons position and
scan depth is required. BlueBox operations are predefined to do these
kind of additional processing steps. Shown in the next diagram is the
Basic+radargram editing menu detailing all the necessary steps:

© BlueBox Batch Run _ ol x|
info_dat [v processing graphics

BlueBox Run: Basic+Edit |7

blue 1: Conversion

blue 2: Reverse

blue 4. Radargram Editing
line-by-line
(threshold=.05 MNsamp back=4)

blue 5: Navigation

blue 6: Search Ons

blue 7: Slice/Resample/XYZ

blue 8: Grid Helpset

blue 9: Gridding

blue 10: Grid Smoothing

blue 11: Autogain/Iinterpolation/3DFile

blue 12: Open GL

ERREEEEE

I 1
terminate |

The most important steps in doing radargram editing to recap in the
menu is that radargram editing is applied to the \radar\ folder, the results
are written to the \work\ folder, the Navigation operations are applied to
the \work\ folder followed by Search 0nS, Slice/Resample/XYZ etc.
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Search Ons on the radargram edited radargrams will usually discover the
3rd sample as the new Ons position. This is correct - it will not be sample
#1 or sample #2 since the first 2 data of GPR-SLICE radargrams are
header information detailing whether a scan has a navigation tag or not.
(A side note, this is similar to GSSI radargram format where the first
sample describes whether 8 bit or 16 bit is present, and the 2" sample
describes whether a navigation marker is present or not).
Slice/Resample/XYZ operation will be run on the \work\ folder where the
radargram edited radargrams reside. The results for resampling will then
get written to the \resample\ folder. Gridding operations, etc., then
continue after that all the way to generating a 3D volume.

BlueBox Basic + Edit + RSP

The Basic + Edit + RSP BlueBox run provides all radargram editing
along with complete RSP are combined into a single-complete batch
operation. Radargram editing is done to make corrected Ons radargrams
in the \work\ folder, navigation and Slice\Resample\XYZ operations are
run to generate resampled radargrams which are then RSP batched for
filter operations. The navigation menu is returned with the last output
folder from RSP batch operations, followed by Slice\Resample\XYZ
operation again, gridding, and then 3D file generation
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© BlueBox Batch Run _ ol x|
info_dat ¥ processing graphics
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~ terminate i

BlueBox XY decoupled grid generation

Back in December 2009 newsletter (and also see discussions on page
339 of the manual for actual examples) we discussed how to enhance
linear features where XY cross grid surveying is done. The method of
XY decoupled gridding is where X lines are separated from the Y lines and
grid maps are made with differential search radii (see figure next page).
An example of differential searching is depicted where the search radius
transverse to the profile direction is large and conversely made narrow
along the search direction. The separated X lines and Y lines grids are
then added back mathematically. The method of decoupled gridding is
very useful for geotechnical surveys and particular for concrete and
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infrastructure imaging where linear features such as rebar and piping are
buried.

= |

elliptical search \ )

Differential searching of data for interpolation

A BlueBox Batch menu is now available to completely run this data
processing flow all the way from raw data conversion to a volume made
from processed radargrams used in decoupled gridding calculations. To
start off the BlueBox operation, the user needs to insert the XY cross grid
information file, e.g. infoxy.dat and then simply start up the batch
operations. The user can set the RSP Batch operation in the Filter menu
before starting the BlueBox to include up to 8 different signal processes.
In this example, bandpass filtering, migration and Hilbert transform
operations are done in the RSP batch flow. The software will
automatically sift through the information file and generate separated info
files (writing work files infoxx and infoyy along the way) where differential
grid search radius is read from inside the BlueBox menu. For X lines, the
user might set the x search to less than .2 or .1 the profile spacing or
even smaller; and the y search to maybe about twice the profile spacing.
For Y lines, the user can set the x and y search radius to just the
opposite. One of the key settings in the XY decoupled grid operations is
also to use a high number of bins per mark set in the Slice/Resample
menu. Spatial bins should not be too long. The binning can be set to just
encompass a few scans as well. Once all the X grids and Y grids are
independently generated, they are then added back together. Grid math
is used to add the decoupled grid maps back together and all
automatically done in the BlueBox operation. This BlueBox option is
available with radargram editing for the Ons offset as well.
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& BlueBox Batch Run - |0 x|
infodat [+ processing graphics

blue 0: set the XY info file

— BlueBox Run: XY Decoupled Gridding+edit+RSP |

blue 1: Conversion
blue 2: Reverse
blue 3: Radargram Editing
line-by-line
blue 3: Navigation
blue 4: Search Ons
blue 5: Slice/Resample
blue 6: RSP Batch
background (nlen=98000 n1=3 n2=2|
[+ migration
hilbert
blue 7: Navigation
blue 8: Slice/Resample
blue 9: Grid Helpset
blue 10: X-Gridding
dx=
dy=
blue 11: Y-Gridding
dx=
dy=
blue 12: X+Y Grid Math
(® x+y
" max(xy)
blue 13: Grid Smoothing

blue 15: Open GL

Hint for XY decoupled gridding try:
X gridding: dx,dy=(0.2 2)*profile spacing
Y gridding: dx,dy=(2,0 2)*profile spacing
cuts per mark bins <0.2*profile spacing
(slice/resample menu)

set all |

~ terminate |

BlueBox XY decoupled volume generation

275

A specialized BlueBox operation XY decoupled volume - will
independently generate separated X and Y volumes using elliptical
volume generation and then add back to the volumes together.
macro is used only for surveys which are normally collected on concrete
or high density profiling in both directions.
user of single channel equipment to generate pulse volumes when the
density of lines is approaching or better than the Nyquist spatial

This

This BlueBox can allow the
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frequency. Currently this BlueBox is only available to multichannel users
(but will be released to single channel licenses in 2016)

infoxy.dat [~ processing graphics

blue 0: set the XY info file

BlueBox Run: XY decoupled+RSP

blue 1: Conversion
blue 2: Reverse
blue 3: Mavigation
blue 4: Search Ons
blue 5. RSP Batch
[w regain
background (nlen=93000 n1=3 n2=256)
[w kirchhoff
hilbert’
blue 6: Volume Helpset
(xy gridcellsize=_25)
blue 7: X-Volume Interpolation
dx (in cells}=| 0
dy (in cells)=[ 12
blue 8: Y-volume Interpolation
dx (in cells)=[ 12
dy (incells)=[ o
blue 9: X+Y Volume Math
" x+y
" max(x.y)
blue 10: Open GL
Hint for XY decoupled volume try:
K wolume: dx dy=(0,1-2)*profile spacing
Y wvolume: dx,dy=(1-2,0)"profile spacing
{in cells)

set all |

~ terminate i

Note 1: Most of the BlueBox runs except for the XY Decoupled Volume
also have an identical set of macros with radargram resampling should
these operations need to be run.

Note 2: BlueBox runs also have several standalone settings in several
menus including the

e Slice/Resample menu
e Radar Edit Menu
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e Convert menu.

The Slice/Resample menu has settings for telling the software to compile
the XYZ as regular, 0 mean line, 0 mean grid etc. Radio buttons are
shown in this menu for the user to define what XYZ compilation they
want. The Radar Edit menu on BlueBox runs has settings to tell the
software to run scan-by-scan or line-by-line 0Ons truncation during
BlueBox batch runs. The Convert menu also has a setting to let users
convert 16 bit native data to either 8 or 16 bit during a BlueBox batch
run. Normally all operations on conversion should be done with 16 bit.

BlueBox Run: Load/Save

BlueBox operations allow the user to save any customized settings
and menu items and to recall these settings. The BlueBox Load/Save
menu under the File pulldown menu. The user can give a customize
descriptive name to all the settings for their BlueBox runs. These
settings are similar to the complete installation files, and are saved under
a new folder called called \slice\v7.0\bluebox. The BlueBox macros have
the extension *.blu. Up to 100 different BlueBox scenarios can be saved
and/or recalled at the click of the mouse. The various runs can have
different RSP engaged or different gridding parameters etc. Any
customized setting or operation can be stored and recalled with the click
of a button.

Note: The options are endless for generating various processed 3D
volumes in batch using the BlueBox operations in GPR-SLICE v7.0.
BlueBox operations however, should really only be used after the user
has familiarized themselves with all the manual operations in every menu
in GPR-SLICE. The potential for errors in running the software blindly
through the BlueBox menus, without properly setting all the relevant
parameters in each menu, is highly likely and remains a drawback for
complete automated processing for beginning users.
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. Penetrating Radar Imaging So
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter Static Animation Help

create new project
transfer data
create new info

edit info file

convert data

grid plot ¢ BlueBox Run:  \kisats
gps track

cemal test.blu
cfl test.blu
concretel.blu
for tim and bill blu
1 like this_blu

mala Ons.blu
mala 10 slices.blu
5SS Conquest blu
test28. blu

BlueBox batch processing

BlueBox: load/save

BlueBox: basic

BlueBox: basic + RSP

BlueBox: basic + radargram editing
BlueBox: basic + radargram editing + RSP
BlueBox: xy decoupled gridding + RSP

BlueBox multichannel batch processing

BlueBox Run descriptor name

| Save

Delete
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STATIC Menu: Overview

sf:;

File Reverse Mavigation Slice Grid Pixel Radar 3D volume Filter

Static | Animation Help

279

static-topography

static-horizons

project | folder | options T radar | open
L
L

\slice %

2d time slice + topo contours
make 3D file + topo
select topo file

Open GL Topo Volume Warp
Open GL Topo Volume Warp + Draw

Static Corrections:  c\kisatchie\mala-topo — O

Draw topography and correct:

e Profile Mame

step 1
€ \ada @ | dat_0001.1d3 B Draw Topography
option A i
@ \esample\ ¢~ |dat_0002 rd3 pt Compile Topo1.dat
" Vlter\ (| dat_0003.rd3 option B Grid Topo1.dat
(" \migrate\ ¢ |dat_0004.rd3
 Vhilbert\ ¢ |dat_0005.rd3 Import topography and batch correct:
dat_0006.rd3
" \boxcar\ ol step 1 Import \dat\Topography. dat
(" \bandpass\ (¢ |dat_0007.rd3 o ]
¢ Yopal - dat_0008.rd3 P Grid Topo1.dat
" \regain\ (~ |dat_0009.rd3 =exit to Open GL Topo Valume Warp
(" \deconvt (| dat_0010.rd3 option A Extract Topo
; dat_0011.rd3 .
 ledith |t option B Corect
 workl ¢ | dat_0012.rd3
(¢ |dat_0013.rd3
Extract GPS/NAV/Vector topo and batch correct:
velocity (mins) [ 6.9994 ¢ |dat_0014.rd3 4
time window ns | 129.12§ ¢ |dat_0015.rd3 step 1 Extract GPS/MNAVVector topo
samples/scan | 328 ¢ | dat_0016.rd3 e Compile Topo1.dat
¢ |dat_0017.rd3 -
new samples/scan | 606 step 3 Grid Topo1.dat
(¢ |dat_0018.rd3
recommended new )
samples/scan>= 606 ¢ |dat_0019.rd3 =exit to Open GL Topo Volume Warp
dat_0020.rd3 i
=>total time C % f Cpuone Extract Topo
i = dat_0021.rd3 .
window=238.6 ns (¢ (dat’ option B p—
¢ |dat_0022.rd3
create infotopo | | dat_0023 13
dat_0024_rd3 .
[ f option Generate Vector Normals
-

dat_0025_rd3

next= | <prev |

This Static menu can currently be used to do almost any kind of
topographic adjustment to data in GPR-SLICE. There are 5 pulldown

menus and various submenu procedures below the Static pulldown:

e Static - Topography
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Static - Horizon

2D Time Slice + Topo Contours
Make 3D File + Topo

Select Topo File

Open GL Topo Volume Warp

Open GL Topo Volume Warp + Draw

Static - Topography

The Static - Topography has 3 operations available to the users to
make topography corrected radargrams:

e draw topography with the mouse and perform
topographic correction, writing new binary radargrams

e import a topography.dat external file that is x,y,z
comma delimited, grid it, extract the topography for
each profile over the topography grid file, and batch
correct for topography making new binary radargrams
for all the files in the project

e extract topography from the *.gps navigation, grid the
compiled topography, extract the topography for each
individual GPS radargram, and batch correct for
topography making new binary radargrams for all the
files in the project

These methods, explicitly written in the Static menu are shown in the
screen shot (previous page), and are all designed for implementing
topographic corrections.

However, it is no longer necessary to go all the way through these
steps to explicitly make new binary radargrams which are topographically
corrected. The preferred method is to generate the topography grid file
(called topol.grd) and graphically warp the volume and the associated
radargrams using the Open Gl Topo Volume Warp menu! This does not
require running the batch operations to all the way through to make new
radargrams with the topography - this can all be done graphically without
rewriting new radargrams! This is why in the menu there is written after
the topography grid file is made and before all the optional steps before
binary corrections to ">exit to Open GL Topo Volume Warp".
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Nonetheless, in this manual we will describe all the original options to
also make binary topographic corrections to the radargrams as well as
detail making the corrections via graphical warping.

Draw topography and correct:

= Static Corrections:  \kisatchie\gssi-tstamp) _ ol x|
Info File |info_dat Draw topography and correct:
Profile Name step 1
@ [FILE 001 DZT P Draw Topography
¢ ‘\radar\ ¢ |FILE____002.DZT option A Compile Topo1 dat
@& Vesamplel ¢ |FILE__003.DZT option B Grid Topo dat
¢ |FILE 004.DZT
. Milter\ ¢ |FILE___005.DZT Import topography and batch correct:
\migrate FILE 006.DZT
€ \migrate . step 1 Import \dat\Topography. dat |
. ¢ |FILE 007.DZT
" ‘hilbert\ — tep 2 .
r FILE 008 DZT step Grid TUPU1_dat |
(" \boxcar\ :
¢ |FILE 009 DZT =exit to Open GL Topo Volume Warp
\band A :
LA ¢ |FILE___010.DZT option A Extract Topo |
FILE 011.DZT :
L . option B Correct |
. ¢ |FILE 012.DZT
¢ |FILE 013.0ZT
" \decon\ ~ |FILE__ 014Dz Extract GPS/MAV/Vector topo and batch correct:
C Nedit\ ¢~ |FILE___015DzT step1 _ Extract GPS/NAV/Vector topo |
 tworkl ¢ |FILE___016.DZT step 2 Compile Topo1 dat |
¢ |FILE 017.DZT e e—— |
i rid Topo1.da
velocity (m/ns) o~ [FILE 018 DT step 3 P
time window ns | 75 ¢ |FILE 019.DZT =exit to Open GL Topo Volume Warp
samples/scan | 512 ¢ |FILE___020.DZT option A Extract Topo |
¢ |FILE 021.0ZT o
Correct
new samples/scan | 819 o~ [FILE 097 DT | I
recommended new option C Generate Vector Normals
samples/scan== 829 - — |
¢ |FILE 024 DZT
=>total time
window=121.4 ns e

next= | <prev |

create infotopo I

The first steps to do are to set the velocity of the site, the new
samples/scan to make corrections over. The new samples/scan
recommended will be made if a known topographic dataset is imported,
however on first drawing the topography with the mouse, the
recommended new samples/scan is not yet know. You can set this value
so that entire radargram will appear in the correction menu when
topography corrections are being run. Or you can calculate what will be
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needed. For instance, if your total elevation change over a site is 3
meters, and the velocity is 0.1 m/ns, and given the digitization of the
radargrams is 512 and a 100ns time window, the recommended new
samples/scan would be:

new samples/scan 512 + elevation/(penetration depth)*512
512 + elevation/(TW*V/2)*512

512 + 3/(100%*.1/2)*512

512 + 3/5*512

819

Because we always want to preserve the original digitization of the
radargram, the extra samples/scan to account for the total change in
elevation in terms of its equivalent scan depth is added onto the
corrected radargrams.

Shown below is the topography for a radargram that was drawn with
the mouse, and after being corrected with a standard topographic
correction. Once the topography is drawn, it will be saved to the project
is after the topographic correction is run. If the topographic correction is
not run, the active drawn topography is lost on exiting the menu. On
reentering the menu, if the topography had previously been created and
stored by running the topographic correction, it can be imported back into
the menu by clicking the Import Topo button. The “standard topographic
correction” simply shifts the radar scans vertically to account for
topography. This is the most basic way to account for topographic
variation along and to generate to corrected radargrams.

scan = 1 sam, == nole: sel depth/elevation scale in the Plot Oplions menu
range=0.m time = 320ns
vel = 0.07Tmins depth = 11.2m

\kisalc hie/iltiresample\b00S.dz1 topograph!

e

=1
™

// M~

\kisatchieifitopo\b005.dzt: line y= Om= Om

22395

447 89

671.84

895.78

11973

I T T T T T T T
Om 5 10 15 20 25 30 35 40 45 El
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Topo + Tilt Correction

Mild vs Abruptly Changing Topography

o N e
B T o N e S

Another possibility for correcting the radargrams, is one in which the
tilt of the antenna over a site with topography, is also accounted for
(Goodman et al, 2006). Shown above, is the effect that topography can
have on the angle of radar waves going into the ground. In the
topography menu, an option called “topo+tilt” correction is available.
This correction algorithm will determine the direction of the normal ray to
the topography and insert the radar scan at the appropriate angle in the
binary file. If the data is not sampled sufficiently enough, e.g. the scan
density is low, blank values or region can appear in the topo+tilt
corrected radargram. A del-angle setting is available. Making this value
1 or 2 degrees will sweep the radar scan over a small angle to fill in blank
areas over the radargram. The del-distance setting is used for
determining over how many scan lines - distance - over which to
estimate the slope of the topography. Using a very small nhumber of
scans, can give yield estimates of the topographic slope that are very
abrupt.

An example of the same radargram being corrected for tilt of the
antenna is shown in the next figure. This radargram was for a velocity of
7cm/ns and a del angle of 2 and a del distance of 10 scans. (An old
radargram that had meter markers stored in the radargram was used to
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show how the tilt correction gets implemented and is easy to see how the
scan change there location.

import topo
ResetTapo | batch smooth | [ 10 batch tapa cor

scan = 19 sample= 819 = note: set depth/elevation scale in the Plot Options menu
range=0.9m time = 320ns
vel = 0.07m/ns depth = 11.2m

\kisalchie itiresample\b00S.dzt topograph:

———
/// \‘\.
L RN

\kisatchie tilfitopo'b005.dzt: line y= Om

22395

44789

671.84

895.78

11973

0.cm,0.ns

223964

4479128

P 671.8,192

O 05 5,255 9

Note: In the tilt correction process the tilt of the antenna is measured
from a derivative of the given topography. The user must set a hominal
microwave velocity for the radargram in order for the software to correct
for the antenna tilt across the ground surface. The appearance of the
radargram for topo+tilt correction can change significantly depending on
the nominal velocity used. If the slope changes abruptly along the
ground, it is possible that blank areas can be created in the radargram
binary file during the topo+slope correction process. (See the figure in
the next page). To alleviate this problem, 2 interpolation settings: del-
angle and del-distance are provided. Del-angle is the angle over which a
radargram scan will be swept or rotated into the binary radargram to fill
in any gaps. A setting of 3 for instance will sweep the radar scan over an
angle of 3 degrees. The radar scan will fill all values that are blank in the
binary radargram (see the following diagram). The del-distance setting is
the number of scans (distance) over which to estimate the topographic
slope. Using a larger value for this setting will have the effect of
smoothing the topographic slope calculation out. One would not want to
make this setting very large, but using a value that may correspond with
about a meter or so, or some value that gives a good local topographic
slope calculation without having extremely abrupt slope changes is
desirable.
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& GPR-SLICE Statlc Corrections - Topography: \klsatchle\tllt\

ew importtopo | smoath topo | length topo+tilt c [z delangle
Resst Topo | batch smooth | [0 hlhtp hthtptlt . [32 deldistan

scan = 20 sample= 1024 * note: set depth/elevation scale in the Plot Options menu

range=1.9m time = 400ns

vel = 0.07m/ns depth = 14.m

\kisatchie'tit\resample\b005.dzt topograph
[ T————]
| M~
L~ [
L1 I
1 I~
// \\
L —
" [l // \\ - —

estimate of antenna tilt = dy/dx

dx=del-distance

If the user still any holes in the radargram after running the topo+tilt
(or batch topo+tilt) correction, then the del-angle and/or the del-distance
setting should be increased slightly. The topo-tilt correction with large
values of del-angle will solve some large changes in the topography
however, processing time goes up exponentially. Also, for very severe
topography changes, even with radar scan sweeping, there can be gaps
in the radargrams. To partly help in the reconstruction of these kinds of
sites, it is useful to have more density of the scans per unit distance
resampled during the slice/resample process. The resample scans per
marker can be adjusted in the Edit Info Menu followed by rerunning the
slice/resample process to get denser resampled radargrams.

For purpose of illustrating the importance and the effects that tilt has
on a radargram with different nominal velocities of 0cm/ns, 6cm/ns and
12 cm/ns being used, is shown (after Goodman et al, 2005) is shown.
For higher velocities some  subsurface features can be projected to be
much smaller or larger depending on the topography profile. When the
velocity is 0 - the typical standard topographic correction will ensue.
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0.cm
196
392
588
784

topo+itt cor

batch topo+tilt co |32 del-distance

*** note: set depth/elevation scale in the Plot Options menu
|

topo correction
batch topo cor

b005 dzt topography
|

...:..:_-..1_-_

AT J

= ety

\kisatchie\tilt\

import topo | smooth tapo |\sng1h
Ons
0m

1

sample:
fime

depth
=T 11—

ResstTopo | batch smooth | [ 10

© Static Corrections - Topograph

new
scan = 1
range=0.m
vel = 0.07Tm/ns
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Import topography and batch correct

¢ Static Corrections:  \kisatchie _ ol x|

Draw topography and correct:

samples/scan>= 523

dat_0024.rd3
dat_0025.rd3

next= | <prey |

==total time
window=205_9 ns

Info File |j
Mo i ||nf0.dat Profile Name
& |dat_0001 13 step 1 Draw Topography |
 vadan ~ | dat_0002.rd3 option A Compile Topo1.dat |
~ vesamalet | dat_0003.rd3 option B Grid Topa.dat |
P (~ | dat_0004.rd3
@ Hiiter ( |dat_0005.rd3 Import topography and batch correct:
\miaratel dat_0006.rd3
" \migrate CI5 step 1 I Import \dat\Topography.dat I
€ \hilbert\ ' dat_0007.rd3
-~ |dat 0008143 step 2 Grid Topo1.dat |
" \boxcarl ~ | dat_0009.rd3 »exit to Open GL Topo Volume Warp
" \bandpass\ ~ |dat_0010.rd3 option A Extract Topo |
\topo dat_0011.rd3 .
"' topo CI option B Correct |
¢ Wegan ' dat_0012.rd3
' dal pe— =
" \decon - [ tatic Corrections X|
€ \edith ~ |dal
~ work\ - 'dat zmax= 3.133053 zmin=-.7020201 total number of data= 8000
| (- [oa
velocity (m/ns) I K] - dal
time window ns | 129.12¢ | dat OK
samples/scan | 328 | daf - .
' dat_0021.rd3 option B c - |
I arrec
new samples/scan | 523 ~ [dat_0022.1d3 .
recommended new -~ |dat_0023.ra3 option C Generate Vector Mormals |
-
-

create infotopo |

Topography can also be automatically developed for radargrams from
a digitized contour map, a digital elevation model or any file describing
the topography. The name of the file to import must be:

e called topography.dat

e existis in the \dat\ folder of the project

e must be 3 columns, comma delimited file x, y, t where x and
y can be any distance unit but the t must be the elevation
in meters
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Once this file is placed in the \dat\ folder, the velocity of the site is set,
and the desired new samples/scan is placed into the menu (see previous
section) the user clicks the button Import \dat\topography.dat button
which will read the file, report the zmax and zmin in the file as well as the
total number of elevation points (see screen shot). Absolute elevations
or relative elevations can exist in the file. (GPR-SLICE can also report
absolute elevation in terms of relative elevations by setting the desired
display of data in the Options menu).

Explicit steps are:

Step 0.1) Set the radargram directory to the resample or a filtered
directory. (Note: It is important to use resampled radargrams which
have a constant number of scans per unit distance. Survey wheel data
also has this feature but in cases where the user had hand marker
navigation, the resampled radargrams or radargrams filtered from
resampled radargrams should normally always be wused to topo
corrections).

Step 0.2) Set the microwave velocity in meters/ns that was discovered in
the Search Hyperbola process in the Filter Menu.

Step 0.3) Set a New Samples/Scan length for the set of hew radargrams
to be written into the \topo\ directory. For instance, if the total
topographic relief of surveyed site is 2 meters and for example the total
penetration depth was by chance also 2 meters, then the user should set
the New Data/Scan to twice the recorded data/scan. (See previous
section for more discussion on setting the new samples/scan)

Step 0.4) Click the Create Info Topo button to make a secondary
information file appended with the name topo. This new information file
will contain the updated samples/scan for the static corrected radargram.
This new file should be made active on display of all corrected radargrams
- but it should not be active in the Edit Info File menu while the initial
corrections are being done. If binary corrected radargrams are not
needed since only Open GL Topo Volume Warping displays are needed,
then skip this step.

Step 1) Import a topography.dat file by clicking the Import Topography
button, which creates a topol.dat. Note that the topography.dat file
should have 3 columns that are comma delimited and without any
header. The columns are X, y, and z where z is elevation in meters. The
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elevation can be relative or absolute as the import option will convert
absolute elevations to relative measurements.

Step 2) Click the Grid Topol button which will open the Grid Menu. Grid
the topol.grd file. Make sure the xstart, ystart, xend and yend values for
the grid are all inclusive for the radargram locations in the information
file. Exiting the Grid Menu will bring the user back into the Static Menu.

Step 3) Click the Create Topo button, which will extract the individual
topography profiles for each radargram (and write them to the \topo\
folder).

Step 4) Click on the Draw Topography submenu and choose between the
batch buttons for either standard topo correction or the batch operation
in the Static Corrections menu. If you are going to work on just a single
radargarm, don’t forget to click the Import Topo button to get the
topography profile read in. If it is not read in, then whatever the active
topography - even if it is set to 0 - will be overwritten. On Batch
operations, the software will automatically read in all the topography
profiles before running the correction.

Note: To view the topographically adjusted - binary radargrams in the
Radargram Menu, the user must click the Create Info Topo button in the
Static menu. This will create a replica information file (e.g. infotopo.dat),
with two different settings - the samples/scan is adjusted to match the
New Data/Scan value used when correcting for topography and a new
time window will also be computed. The new time window reported in
the infotopo.dat is given by:

New time window=0Id time window*(new samples scan)/(old samples/scan)

Extract GPS/NAV /Vector Topography and Correct

Automatic elevation correction for GPS radargrams can be
implemented in the Static menu. GPS elevation corrections using the
elevation information stored in the 3™ column of the standardized GPR-
SLICE *.*.gps files that are generated from the raw gps log files. This is
done for all manufacturers log files converted to GPR-SLICE that are
recorded. There are 2 main steps in doing batch corrections for GPS
surveys. The steps are outlined under the heading of Extract GPS/NAV
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Topo and Batch Correct. Clicking the button Extract GPS/NAV/Vector
topo will cause GPR-SLICE to read all the *.*.gps files and store the 3
column into work files. (As is done in typical elevation correction, GPR-
SLICE uses a file generated called *.ctm located in the \topo\ folder for
the project which has the elevation converted to equivalent scan depth
for each recorded scan in the radargrams).

=>total time
window=1214 ns

) Static Corrections:  \kis _ ol x|
. Draw topography and correct:
Info File |info_dat Profile Name pogTeRy
step 1
@ [FILE 001 DZT p Draw Topography |
~ vadar ~ [FLE__002DzT option A Compile Topo1.dat |
. .  [FILE___003.DzZT option B Grid Topo1 dat |
& \resample
' FILE 004 DZT
" Vilter\ ¢ |FILE___ 005.DZT Import topography and batch correct:
i FILE 006.DZT
" \migrate\ C — step 1 Import \dat\Topography.dat |
. ¢ |FILE 007.DZT
¢ ilbert\ step 2 .
~ FILE 008.DZT p Grid Topo1.dat |
" \boxcart - |FILE 000.DZT >exit to Open GL Topo Volume Warp
" \bandpass! ¢ |FILE___ 010.DZT option A Extract Topo |
FILE 0M11.DZT :
LA C — option B Correct |
» ¢ |FILE M2.DZT
 |[FILE___013.DZT
" \deconvi ~ [FILE 014 DZT Extract GPS/NAV/Vector topo and batch correct:
 editt  [FILE__015.02T ctep 1 Extract GPS/NAV/Vector topo |
¢ workl i FILE___ 016.DZT step 2 Compile Topo1.dat |
¢ |FILE M7.DZT :
velocity (m/ns) [ 1 -~ [FILE__oispzT step 3 Grid Topo1.dat |
time window ns | 75  |FILE 019.DZT >exit to Open GL Topo Volume Warp
samples/scan | 512 ¢ |FILE__020.DZT option A Extract Topo |
¢ |FILE 021.DZT option B o ¢ |
new samples/scan I 610 TI=E
recommended new CFEE 0z2bet option C
I ~ [FILE 023.D7T pi Generate Vector Narmals |
¢ |FILE 024 DZT
-

FILE 025.DZT

next= | <prev |

create infotopo |

If the GPS is recorded every second or every constant number of
scans, GPR-SLICE will interpolate the GPS elevation to generate an
elevation correction for each individual scan when the Extract GPS/NAV
Topo button is clicked. The next step is to run the Correct operation
which will launch the Static Correction menu. From here the user can
either do batch processing or single line processing, in addition to topo +
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antenna tilt or corrections without compensating for the tilt of the
antenna. An example of automatic GPS elevation correction is shown in
the following diagrams along with the complete orientation of the GPS
radargram in 3D space.

Note: Just like normal topographic corrections, the user needs to first set
the velocity and the new samples/scan in the Static menu. In the
example below topography over a GPS radargram is drawn. Note that
the bottom of the radargram is cutoff in a few locations. Should bottom
part be desired or if more of the bottom part of the new radargram is
desired to be cutoff, the new samples/scan must be adjusted first in the
Static menu.

GPR-SLICE  Static Corrections - Topography: C\kisatchie\gssi-tstamp\
FLE__ 001.07T R ‘ import topo | smooth topo ‘ length topo correction I topo+ilt cor | 2 del-angle  x pixels| 860 resize
Reset Topo | batch smooth ‘ 20 batch topo cor | batch topo+tilt co. || 32 del-distance y pixels| 300
scan = 1 sample= 419 *** note: set depth/elevation scale in the Plot Options menu
range=0.m time = 61ns
vel = 0.03m/ns depth = 0.8m
C-\kisatchie\gssi-tstamp'\resample‘\FILE___ 001 DZT topography
"f"”,,——---——-_ O.cm
[
L] I —— \
// ] 2234
44 68
67.02
89.36
111.69
20763 ‘topo'\FILE 001 0 ——
20751
20738 (16384
20726

(su) awn

20663
- T T T T T T T ;
2978736 297873 5 297873 4 2978735 2978736 2978736 297873.9 297874 1 2978743 297874 6
5160129, 51601315 51601343 51601367 51601395 51601422  5160144.8  5160147.3 51601496 51601517
0. 25 5.2 7.6 10.4 13.2 15.8 16.3 20.6 228

eastings, northings, range (m)
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Topography smoothing

The user can also use grid smoothing on the Topol.grd to create a
filtered-smoothed topography grid. Or directly in the Static Correction
menu, the user can click the Smooth Topo or Batch Smooth button.
The user should make sure to use enough grid cells so that when the
corrections are implemented into the radargrams, that the topography
looks continuous and not blocky. If it looks block on extraction, then it is
useful to use the smoothing button in the menu.

&) static Corrections - Topography: \kisatchie\mala-gps

dat 1013.rd3 New |  Import Topo | Smooth Topo flength  Topo Correction Topo+Tilt Cor. 2 del-angle
Reset Topo |Batch Smoothl[ 32 Batch Topo Cor. Batch Topo+Tilt Cor. | 32 del-distance
scan = 488 sample= 1571 *** note: set depth/elevation scale i the Piot Optons menu
range=48 8m tme = 384ns
vel = 01cmins depth = 18.8m
\kisatchse \maks- Qpi["sﬂmpjﬁ"ﬂﬁ' 1013 rd3 rfﬂ!z il n)‘

TR R TR
GPS Elevation - Raw

SEN

port i |t -

..... 1013 rd3 topography

|||||||||I|I||||||||I|||,

PS Elevation - Smoothed

S

Topography smoothing can be implemented in batch operations in the
Static Menu. These operations can be done on regular or GPR/GPS

surveys. Particularly for direct GPS elevation profiles, topography
smoothing prior to correction is sometimes necessary since these direct
files can often be noisy. An example of a topography smoothing

operation using a filter length of 32 is shown in the diagram above. Data
of this quality is very subjective on whether to actually use it or not.
However, in lieu of poor elevation recording with the GPS equipment,
using highly smoothed elevation profiles may be preferable to no
corrections being done at all.
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Note: Batch correction for standard topographic corrections are very
quick - however topo+tilt corrections can take 5-10 time longer to
execute.

Absolute elevation in Open GL and Radar 2D menus

Time slices, radar menus,or Open GL Volume menu with topography
warping can show relative or absolute elevations. The flag is set in the
Options menu for the desired elevation display. Setting the option to
Absolute will show depth labels with Z decreasing downward and starting
at the true elevation either detected in the topography.dat files imported,
or from the NMEA strings and the elevation in the *.*.gps log files.

An example of a GPS data warped into topography and labels with
absolute elevations is shown.

© GPR-SLICE - Open GL Volume Dlsplay \kisatchie ssi-rstam\' la3d.dat _|alx]
color | up| 100 [ dn| [topot grd psp- | psp+ | dn | up |slow] fast| storejpg | identlier

make animaticn

P gssi-tsta
time siice colors| 8 Edit xscreensize [ 1520 207664 [ 5 2 I~ lo-hicut v-dm | hezn | net | cont| z- 15 2+ 15 xy+[ stop[ 1t | t
radafsfrm:obﬂstw - g R 207877 | 516015, 69.8 rme |so4.| 85 iso | X | ¥ | z| H[rdm|[vesampier =]  step-|step+] bounce | store| rotxy| rot-z| tajectory anim
e 1 shaded relef ) grid2d [ GFShy pi =] 200ft | 0[5 redar [FLE__o01 D27 = clear | title | I~ Z-solidbeta
horizon colors| 45 [ reverse colors menu font size  [g T
zscan=31 _z:ZOB.GBm
[ automatic markersfiabeiing —//

Absolute Elevations

RangeAus @ m ¢ cm € km font weight 715

Cft Cy Cmi - /
Cin O omm Cof an | 18 e 15.
tickspacing [5 @off fontcolor  [biack =] T Lap.
big tick freq.  gridines backgmd color  [whie v] /
(<0=label override) | ' ¢ grid nodes T IV Q—="—__ 45, o
label freq. |1 I~ concatenate s D S 3
#ofdecimals [ | Polariabeiing TSPoints font size[ 5 \\ 60, s
S
Xiabel [y © 25 lbels OpenGL font tit [~ 2“1 A 75, &
—  dsidelabels || opangL low-end ATI card [ \ L90
northing [~ yser marks I .
N 1
TmeDephAds @ m ¢ cm  mm legend off o
Cns Cin CR Cof color table ~ 1057’\ F120.
tckspacing [ timevdeph 'i:__' . 7
labeling [+ Rolate0 &
B | velocity Rotate 00 = 2054
labelfreq. [T | model Rotate 180 % \
e @ constant Rotate 80 Pl .
poenes 1 L aak Absolute elevations & © a4 \\
\
Rl 0 0% ;F:;o:: Relative elevations 203 8-
x location pixels [0 Fyperbola detected elev min=205.314 R .
ykocation pixels [ coreng || detected clev max=207 634m W34 _\
L requires time +depth labeling
Header style @ time window ( time T S
addconstant  [g tickspacing [ e
big tick freq, 5 -?.97(954
Time label  [tme mbelfreq. [7— T ‘?97—7—H y
Depthlabel [ depth max depthim) [25 5'5-5‘1‘//79_5 P (=>4
777
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Horizon Detection and Mapping

© GPR-SLICE: Ground Penetrating Radar Imaging Software:  \kisatchie\horizon\
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter | Static Animation Help

project

folder radar
L

static-topography

2d time slice + topo contours
make 3D file + topo

select topo file

Open GL Topo Volume Warp
Open GL Topo Volume Warp + Draw

) Static Corrections:  \kisatchie\hori

Info File ’W Horizon Detection and Mapping: horizon# 2
Profile Name - _
@ [fie 097_chi dzt P Detect/Draw Horizon |
step 2
i file: 098_ch1 dzt P Compile HorizonZ2.dat/Horzamp2 |
& n el fle_ 100 _ch1.dzt step 3 Grid Horizon2 dat |
==L file_ 101_chi.dzt

 fiter\ file 103 chi.dzt option A recompile export-horzXYZ2 |
" \migratel linear density (m)| 1
" \hilbert\ option B create horizons |
" \boxcarl option C inverse horizons=topo |

" \bandpass\

(~ topo\

™ ‘regain\

~ \deconv\

 ledit\

 work\

velocity (m/ns) | o7

time window ns | 25

samples/scan | 512

new samples/scan I 800

topography.dat
x,y,elevation(m) file
not found:
recommended new
scan length should be
user set

i i iy B B B By o M I s M I e R i e B R R i i G B

| [ [
An option to automatically detect and map 8 subsurface horizons has
been implemented in the Static Menu of GPR-SLICE v7. The Static-
Horizon submenu can now automatically discover the peak reflection
within a user specified scan-sample window. Shown in the following is an
example of the operation of the menu. The sample start/end is the range
for discovering the peak reflection. Running the Auto Detect will
discover and display the peak response. There is an auto filter switch
which is available in the menu. The auto filter switch will compare a
moving average with the discreet profile to try and remove noisy points
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GPR-SLICE  Horizon Detection and Mapping: C:\kisatchie\horizon

file 097 ch1 | horizon correction | | sample start | 300 |___autodetect __lon[" fitter xpixels | 860

file 088 chldzwv balch correction | | sampleend [400  auto detectbatch [ 10  length ypixels [200

range start [0 reset | draw | edit N-backup [ 4 follow horizon 1 threshold resize

rangeend [ 28 drawlength] 50  save horizon#  [2 follow horizon batch § peak+ (" peak- jpgname]  store jpg

scroll+ | scroll- scan = 473 sample= 468
dx-scroll | 5

redraw

horizon v-mins

097 ch1 x=0.3m

\resamplelfile -32768 0 32768

v 1 [yellow « | -1
v 2 |blue | 12
[v 3 |cyan
[v 4 |red
[ 5 |green
[ 6 |red
[ 7 |white
[~ 8 |yellow v | .

B ..W.V"

‘ 07 D ) 'w- nrl mmu-m —-ununqﬁm'
| 07 . - -

| .07
\

\

\

(su) awp

07

LAERERERERE!

® solid © line

horizon depth axis E
tick spacing | 1 E 25
big tick freq. [ 1 F a0

label freq. [1 f_ 75
max depth(m)[ 2 E— 100

E 125

{wa) yydap

[” core*.dat file

= 150

E 175
E 200

[+ amplitude map 0 3 6 9 12 15 18 21 24 27

smooth amp x(m)

Caltrans-Standard

recompile Caltrans

linear density (m) | 1
calibrate metal plate
2000 avg reflection

[ AifAmetal depth

100

apnydue

real time along the profile. In the case when the filtered profile still has
problems, the user can click the Import/Edit Horizon button and fix the
profiles with the mouse very quickly. A N-scan wide mouse cursor is used
to help quickly re-draw bad points along the profile that are not well
predicted. The automatic horizon detection can be run in batch as well
using the Auto Detect Batch button.

To start the automatic horizon detection the user should

1. set the sample start/end over which to search the peak response

2. set the Nbackup which will back up or move forward a desired
number of samples of the digitized scan on the detection

3. set to search the peak + or the peak - part of the pulse over the
sample window

4. set the Horizon # to assign for detection
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5. Click the Auto Detect button to start the horizon search and
mapping

Once the horizon is detected it will be drawn on top of the radargram with
the assigned colour for that horizon that is set in the menu. Once the
horizon is drawn, the user can either engage a filter to smooth the
detected horizon. The filter works by taking a scan length and a
threshold. A moving average of the detected horizon is computed. If
the local point is N threshold samples different than the moving average,
then the filter will reset the local horizon to the moving average. Shown
in the next figure is an example of a noisy detection which is easily fixed
by run the Auto Detect with the filter engages (in this example the filter
length is 10 scans and the threshold is 7). The user can also highlight
any detected or drawn horizon by clicking the Draw/Edit button and then
modify this horizon with the mouse if desired. Clicking the Save button
will update the active horizon.

i A new horizon correction | | sample start | 100 auto detect on [ fitter x pixels | 860

e 09
file__098 chl.dz v batch correction | | sample end | 160 auto detect batch | 10  length ypixels [200
range start [0 reset edit N-backup 4 follow horizon 1__ threshold resize
rangeend [ 28 50  save horizon# [2follow horizon batch [® peak+(" peak- jpgname[  store jpg
scroll+ | scroll- scan = 95 sample= 105
dx-scroll | 5 range=3.92m time = 4.99ns
depth = 0.22m
I—ﬂ] \resamplelfile__097 ch1_x=0.3m B Pl S 32768 0 32768
horizon v-m/ns
v 2 |blue «| .12 - f ~
v 3 |cyan v 07 ‘5_3
v 4 [red <~ | 07 s
[~ 5 |green v | .07 e z
[ 6 |red «| .07 16
[~ 7 |white +| .07 20
I~ 8 |yellow v || .07

® solid (" line
filter engaged

\lesamﬁz\ﬁlz 097 ch1 x=0.3m 0

horizon depth axi
tick spacing
big tick freq.
label freq.
max depth(m)

@

@

(su) awpy

[~ core*dat file

<4

Iz amplitude map ‘

e
smooth amp 3 : s . £ : 5 1(4 : 16. 18. 20. 22. : 5

| X (m| -

Vesamplelile__097_ch1_x=0.3m draw/edit by mouse ,

Caltrans-Standard
recompile Caltrans
linear density (m) | 1

calibrate metal plate
2000 avg reflection

[~ A/Ametal depth

(su) awnp
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In addition to mapping the horizon depth using set velocities for each

layer, the /amplitude of the horizon can also be shown.

diagram shows the amplitude of each detected horizon.
Metal plate calibration layer thicknesses

given access to these options.
shown in the section after Auto Horizon Filter Settings are only available

for licenses for GPR-SLICE v7.0 that include the full road license option).

The previous
(All licenses are

There are options to have all the detected horizons to be displayed on
multi-radargram displays in GPR-SLICE by using the flagged checkbox in
the Options menu (as shown in the following figure):

@ Radargrams:  c:\kisatchie\horizon
w2767
o
L2768
02 468 1012141618202224 26 28
*(m)
0.g_resamole\FILE =1, ! p—
o
=
8
3
32768

02 4 6 8 101214 16 1620 22 24 26 28
*(m)

Horizon Reporting

depth (m)

depth (m)

2468 1012
x

16 18 20 22 24 26 28
)

] Plot Options:  ¢i\kisatchie\horizon

- o x

time slice colors[[T

radargram colors| 1 @ shading off

isosurface colors| 43 ¢ shaded color
e

horizon colors| 43

I™ reverse colors

Edit

" shaded relief

I~ automatic

xscreensize [ 4920

yscreensize [ 4030

hEE

menu font size

& GPS full scale
© GPS equidistant scale

RangeAxis & m  Cem C km
cyd Cmi
© latfong dec " in £ mm " off

Clatflong it

tick spacing [ 2 & of

 gridiines
bigtickfreq. [ 1
2 .  grid nodes
- blck for marker overide
tenate
labelfreq [ | concal
#of decimals [ | polarlabeling
Xlabel [x 2 side labels
Yisbel [y © 4 side labels

 GPS 1-scan 1-pixel
I user marks

font weight [ 16
font width 16

font color  [plack _+
backgmd color [yt +
OpenGL font sizef 10

TSPoints font size]
OpenGL font tift [~
OpenGL low-end AT card [~

contours(1.48,<256) [

Contours £ xiorm
 linear
© custom
© only-xdorm
& off

#ofcontours | 5

pen width [ 2

 2+side OpenG
 2-side OpenGL

Time/DepthAxis @ m ¢ cm ¢ mm
Cs Cin Cf O off

legend off
color table ¢
color transform
col xfm no #s
legendlabel[0
Nlabels [3
# decimals [

horizontal display ¢
vertical display &

-
KMZ
border

north artow [of <

size% [ 100
angledeg. [ 170

x location pixels [0
v location pixels [0

overwite wamings [~

color taskbar icons g

main menu color  [ibive +]|

€ msec " USES  timasdspth

tick spacing [3 | labeling @
bigtickfreq. [1 [ velocity
labelfreq. [1 | model

#of decimals [ 1 & constant

© block

velocity (mins) [01

¥ shut off GPS nav check for
speedier 2d radar display

Absolute elevations ¢

Relative elevations &
detected elev min=800
detected elev max=0.m

x location pixels [ 10 | C profile

y location pixels [0 | setinthe

header style Hyperbola
 time window Search menu
£ time

 depth  (requires info*depth.dat)

add constant/datum [0

Time label
Depth label

time
Gepth

requires time+depth labeling

* available only in Radar2D

Depth and labeling
antenna ofiset(m) [0
include offset:

@ yes Cno

time slice plot off r
GPS track/XY plot r
importxyz dat overlay plot [~
xypoints.dat overlay plot r

point size (pixels) "

herizons overlay plot-radar @
horizon line thickness 20

Once horizons are detected they can be compiled in several formats.

The Compile Horizon#+Horzamp#+Exp#

+ Recompile Export-

HorzXYZ# operations (where # is the desired horizon) will write 4 files:
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£) Static Corrections: -0 x|
Info File W Horizon Detection and Mapping: horizon# 2
Profile Name .y :
@ fle__ 097 chidzt step Detect/Draw Harizon |
 \adan ‘s fle_ 098 chidzt step 2 I compile horizon2+horzamp2+exp.2 I
¢~ |file___100_ch1.dzt step 3 grid horizon2 dat |
O e (~|fle___101_chi.dzt
™ ilter\ (~|file___103_ch1.dzt option A I recompile export-horzXYZ2 I
{™ \migrate\ ‘s linear density (m}l 1
(™ \hilbert\ i option B create horizons |
™ \boxcar\ : option C inverse horizons=topo |
(™ \bandpass\ M PB/Win IDE 10.02 - [C:\kisatchie\horizon\dat\re-export-he
{™ ‘topol File Edit Run Tools Window Debug Help
 vegan) Dre-Al=gUB A2l E A8ed
L © C:.thorzXYNTZ2.dat
L 12-31-2012 10:44:32
™ \work) \kisatchie\horizon\dat\re-export-horzX¥YNTZ2.dat horizon file
Interval Velocity#l,m/ns= .1
velocity (m/ns} | 21594 [Horizon#2 median thickness,mm= 1.118438
e ’25— HOIZ!_ZOL’I#2 average th:lc]{ness , = 1.037771
Horizon#2 maximum thickness,mm= 1.28917
Sl EREET | S Horizon#2 minimum thickness,mm= .4790039
les/ I
e SAmPESIEEa | 1600 D, m Y, m H, samples H,ns H, mm
topography.dat
x.y.elevation{m) file
nat found: 0 0.042 117 5.71 0.57
recommended new 0 1.042 1le 5.66 0.57
scan length should
e 0 2.042 119 5.81 0.58
0 3.042 117 5.71 0.57
0 4.042 1le 5.66 0.57

There are several options available once the horizon profiles are
created. The user can compile (step 2 in the previous screen shot in the
Static menu) all the drawn/detected horizons to 4 different files:

horizonN.dat - A file written that contains the x,y and depth of the Nth
horizon based on the velocity model used in the Horizon Detection and
Mapping menu. The depth of the horizon is written in equivalent sample-
scan depth corresponding to the radargram.

horzampN.dat - A file containing the x, y and amplitude of the Nth
horizon, where the amplitude is the actual binary recording on the
horizon.

export —horzxyz.dat - A file for export that is X, y, zn, zns, zd, where
zn is the depth in digitized samples on the pulse, zns is the depth in
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nanoseconds, and zd is the depth based on the velocity model and for
every scan in the radargram

re-export-horzxyntz.dat - A file for export that contains statistics and
X, Y, zn, zns, zd, where zn is the depth in digitized samples on the pulse,
zns is the depth in nanoseconds, and zd is the depth based on the
velocity model. Export is made at the desired linear density along the
radargram. (For GPS radargrams the linear density is found by
integrating along the track for reporting).

Export horizons can be recompiled to any desired linear density along the
GPR track using the Recompile Export-HorzXYZN operation. This
operation will create a Re-export file on the desired horizon that will also
contain the median, average, maximum and minimum in the file. An
example of the file is shown in the previous diagram. All the horizon
reporting files are written in the \dat\ folder of the project.

Either of the horizon.dat or horzampN.dat files can be gridded (step
3) in the GPR-SLICE Grid menu to create a 3D horizon slicing surface or
2D horizon amplitude maps. These files are all written to the \dat\ folder
in the project. The 3D horizon surfaces can be shown in Open GL Volume
menus. The horizon surface grid files can also be processed or smoothed
just as any normal grid files are processed.

Sometimes when the horizons are drawn by hand, a small 3x3 low
pass filter is often useful to smooth out the bumpiness in the hand drawn
or auto-detected horizon profiles that were detected without a filter
engaged. The horizon profiles can be “re-extracted” from the smoothed
grid file for all the radargrams by clicking the “Create Horizons” button
(Option B). Making the horizon correction followed by time slicing the
horizon corrected radargrams, essentially give one horizon slices as
opposed to our normal 2d "flat" time slices.

Another option (C) that is available in the Static Menu for horizon
operations, is the ability to create “inverse - horizons” or apparent
topography profiles from the horizon profiles. In the case when a known
stratigraphic reflector at depth is flat across a site and that site also has
above ground topography, horizon correcting this layer to be flat, the
apparent topography of the site can be detected. The topography is
simply the inverse of the horizon profile. Clicking the “Inverse Horizons =
Topo” button, will generate *.ctm files from the Horizonl.grd file, for
each radargram contained in the survey. (Note: The *.ctm files can then
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be compiled to the topol.dat file and gridding options here can be done
to create the topol.grd file if desired).

Metal Plate Calibration — Automatic Dielectric Calculations for
Layer Thickness

GPR-SLICE has been programmed to do automatic dielectric
calculations of the surface layer using air launched - horn antenna. In
this highly practiced technique in road surveys, a metal plate is used to
measure reflections back to an air launched antenna. These calibration
amplitudes are then compared with ground surface reflections. The
dielectric of the top surface E1 can be found using the formula (after:

El= [(1 + A/Am) / (1 - A/Am)]

where A=Amplitude reflection from top surface
Am=Amplitude reflection from metal plate

(after Saarenketo, 2009. NDT Transportation p395-444, in Ground
Penetrating Radar Theory and Applications, ISBN 978-0-444-53348-
7).

The method can be extended down to the next layer yielding the
dielectric of the 2" |layer interface as (after Saarenko, 2009)

E2 = E1 (1 - (A1/Am)2 + (A2/Am) 2)2
(1 - (A1/Am) 2 - (A2/Am) 2)2

With these automatic measurements, layer thicknesses of the top two
layers can be generated. To use this feature, a file called metal plate.*
must exist in the \resample\ folder of the project, and the Horizon
detection must have been run on it. Clicking the button “Calibrate Metal
Plate”, the average amplitude reflection across the first detected - ground
surface reflection - will be computed and stored in the menu item slot on
the left side of the menu

Shown in figure on the next page is an example of the Horizon
Detection and Mapping menu displaying 1) detected horizon profiles, 2)
set layer thicknesses determined from velocity settings for each layer, 3)
horizon amplitudes plots, and 4) Ilayer thicknesses computed
automatically using the metal plate calibration formulas. In this
particular example some dispersion can be seen between the 2" and 4t
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plots, but some correspondence is seen. Neither layer thickness plot is
absolutely correct since attenuation is assumed to be nil in the metal
plate method, and the constant velocity assumption for the 2" plot could
be an over simplification of the actual velocity variations in the subsurface
layers.

) GPR-SLICE  Horizon Detection and Mapping:  C:\dallas-2009-2-2

new_| horizon correction | | sample start [ 700 auto detect  Jon[  filter xpikels | 900
batch correction | | sampleend | 200 auto detect batch || 20  length y pixels | 150
range start [ 0 reset | draw/edit horizon N-backup 0 follow horizon 10 threshold resize
range end [ 88457 draw length[ 1 save horizon# 3 follow horizon batch |® peak+(” peak- irg name| store jpg
Scroll
—I resample\20090202001  x=0.m 0
2
.
horizon v-mins 6
¥ 1 |yelow «|| .08 ]
[v 2 [green ~|| .08
[ 3 [cyan «| 1 10
[ 4 [red | .07 12
[~ 5 [black ~| .07 699121 703831 705392 706120 706527 706930 715716 709322 707748 706938 705505 706969
- 3625523 3624230 3624603 3625287 3624410 3623438 (m) 3630731 3630112 3629874 3630167 3630019 3628859
[ 6 [red ~| .07 0 8932 17812 25012 31222 38136 54198 65662 72722 50886 87686 96180
[T 7 |white =| .07 0
[T 8 |yellow ~|| .07
L 25
Caltrans-Standard L co
recompile Caltrans T T T T T T T T T T T
linear density (m) [ 1 699121 703831 705392 706120 706527 706930 715716 709322 707748 706938 705505 706969
3626523 3624230 3624603 3625287 3624410 3623438 (m) 3630731 3630112 3629874 3630167 3630018 3628859
0 8932 17812 25012 31222 38136 54198 65662 72722 80886 87686 9518[}{00
80
60
L LJu »
20
0"“ ‘u-l'—l‘.' I l M“&LM w"l '-\J« 'Lml'* Y lfﬁ“ »‘] Al ll‘ VL"WH'A‘I r’f«?v{“’l 1™ "
]
" 699121 703831 705392 705120 70552? 705930 ?15716 ?09322 ?07748 ?05938 705505 708969
[ amplitude map 3625523 3624230 3624603 3625287 3624410 3623438 (m) 3630731 3630112 3629874 3630167 3630019 3628859

0 8932 17812 25012 31222 38136 541 98 65662 72722 80886 87886 961800

calibrate metal plate
210  avg reflection
[v AilAmetal depth

I I I I I I I I I I I
699121 703831 705392 706120 706527 706930 715716 709322 707748 706938 705505 706969

36265623 3624230 3624603 3625287 3624410 3623438 (m) 3630731 3630112 3629874 3630167 3630018 3628859
0 8932 17812 25012 31222 38136 54198 65662 72722 80886 87686 96180

In the above diagram a screen shot of the Horizon Detection and
Mapping menu launched from inside the Static menu is shown.  With
typical licenses, automatically detected horizons and the layer thickness
plots are available (top 2 figures). With expanded Road license
capabilities, surveyors can report horizon amplitude plots as well layer
thicknesses computed from metal plate calibrations. The Caltrans
Standard button for generating the California Dept of Transportation
required data reporting is also accessed from this menu.
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(%) GPR SLICE Horizon Detection and Mapping:  C:\dallas-2009-2-2
)0 sample

horizon v-mins
1 |yetow | 08
[+2 [green =]l 08
3 |cyan =|l 1
4fred | 07 5 i Y, § A T ;
5 [black =|[ 07 R o - y ¢ ;.
F6 e Sl o7 e ) © GPR-SLICE  GPS/Nav/Vector Track Map:  dallas-2009-2-2
7 [whie w| 07 S9912im 7oo7es 70Tz 700820 |del double tme<{ P fiter GPS track ¥+ [Reco
8 | yetow =] 07 o R i lengh] 3 r/e-vu T ine« m--
— B i gpsquality >= 0-fix not vabd/off >=[0 1000 _redraw decimate| 0
total GPS survey length = 103890 m @ blue dots - inside GPS precision settings
@ black dots - outside GPS precision settings - not included in time skice analysis
Caltrans-Standard 1 1 1 L 1 1 1 1 1 1 e L
rec Caltrans.
Tinear density (m)| 1 3630919
im TooTes 0372 703820
SeosEsim ords 2030 629919 |
om 1657 T2 e
628919 |
[+ ampitude map 3627919
calibrate metal plate [TFRY PRUIPY ¥ IV SO o
210 avg reflection

"—'—'—'ﬁ—'—'—'—'—l—'—'—'—'—w“—'—‘ 4
3 3626919
[+ AiAmetal depth 2im 700764 702372 703826
£ 3525523m 3625548  3625!

1657 3265 47|9

3625019 -

3624919

3623919

3622919 T T T T T T T T T T T T T T T T T
699119m 700119 701119 702119 703119 704119 705119 706119 707119 708119 709119 710119 711119 712119 713119 714119 715119 716119

The Horizon Detection and Mapping menu is quite flexible in
generating displays of very large datasets and placing these in to any size
screen. In the above example taken from a 20km survey of downtown
Dallas using horn antennas, a total of 88457 GPS pts were collected. The
horizon detection can be shown for all 88457 pts or any portion thereof.
By setting the range start/end and clicking the Scroll button any portion
of the super long radargram profile can be displayed to the screen. The
scrolling length of the window can also be changed to any desired length.
This example was made to show on a single screen, however, the X pixel
length setting in the menu could easily be set to 3000 or 5000 pixels for
example and 3-5 screen lengths for showing the desired horizon mapping
could be generated. The dialog can also have a jpg dialog dump which is
not limited to the size of the computer display - but is set to the length
chosen in the menu by the X and Y pixel length. Any portion of the data
- and any size of output can be easily generated with GPR-SLICE v7!
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CALTRANS Standard for road layer evaluation completed for the
California Department of Transportation

Along with the new layer calculation capabilities in GPR-SLICE, an
operation to provide reporting all the layer thickness into a standardized
format for road evaluation including GPS information, highway marker
information, road types and host of other information are now included
for advanced licenses. The information for reporting is contained in a
California Department of Transportation publication and what is called the
Caltrans Standard (California Department of Transportation) from here on
out in the software. A button called Caltrans Standard in the menu will
open up a dialog and allow for manual insertion of the necessary header
items to go along with the required automatic layer detection information
that needs to be reported.

£ GPR-SLICE  Horizon Detection and Mapping:  Caltrans test
new | horizon comection | | sample start | 124 auto detect on [~ filter x pixels | 1052
batch correction | | sample end | 140 auto detect batch | 20 length y pixels [250
range start | 0 reset | draw/edit horizon N-backup 2 follow horizon 2 threshold resize
range end | 3401 draw length[ 100 save hnriznn# A fllow hnrizan hateh I naalafa naale inn stara ing
Serol £) Caltrans Standard: Calt _|ol x|
redraw Countr
W‘ . \resample\LINEQ2 _x= =y [usa
% 1 [black =] 1 State ICaI\fﬂrma
v 2 |blue ~|| .09 County E3 0
[~ 3 [eyan =
3
[~ 4 [rea =| 112 Route [on -
[~ 5 |green ~|[ 114 Travel Direction [Nortn = 6 3
[ 6 fred | 114 N 92
ane Number —
7 [whtte = |[ 112 [4
8 yellow = | M4 Start (m) 97194 4 Local Start (m) |[-10 12
End (m) 97364.4 15
18
: County Code AAA SAD 2
Calirans-Standard_ | 458640 1458634 Route# BBB. 00 458572 458565 458558 458551
recompile Caltrans | 3681859 3681870 b 3681968 3681979 3681990 3682001
linear density (m)[ 10 0 15 Direction C l—N 133 148 159 172“
Lane Number DD 04 L 10
o Ao 3
L Py ey v E— il L o
CALTRANS Standard 04-15-2009 x| [ 30
Fao
CALTRANS Standard \Caltrans test 9\SAD-005-N-04-0971944-0973644.csv W; 50
created [ 60
7o
S P
calibrate metal plate r 90
0 avg reflection T o 1@ | T T T T 100
[~ AifAmetal depth 458840 458634 aterial 458572 458665 458558 458651
3681859 3681870 B 3681968 3681979 3681990 3682001
0 18 Azl 12 145 159 172
Material 8 I I Generate Caltrans Standard I

Specialized options to report road layer thicknesses have been tested
and further developed to meet the CALTRANS Standard. The module
contains all the necessary analytical operations for road layer horizon
mapping and to report these results in the CALTRANS Standard file
format. An operational button to recompile the road layer results to any
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desired density on the ground was implemented to complete the
CALTRANS Standard reporting.

Note: The functionality for recompiling horizon mapping results to any
desired output density is also available for all regular GPR-SLICE licenses
as well, in the Static menu. A comma delimited file export-horzXYZN.dat
where N is the horizon number will be written to the \dat\ folder of the
project. The file will contain the detected horizon for all the radargrams
in the project. (Non CALTRANS reporting is available to all GPR-SLICE
licenses in the Static Menu - see Horizon Reporting section a few pages
earlier).

Drill Core Information Overlay

file 097 chi.dME =0 horizon correction | | sample start | 200 auto detect on[~ filter x pixels | 00
file__098_chi.dz v batch correction | | sampleend | 300 auto detect batch | 20  length y pixels [ 200
reset draw edit N-backup 0 follow horizon 1 threshold resize |
draw length[ 30 save horizon# [ 3 follow horizon batch |@ peak+(" peak- Jpg name store jpg|

\resamplelfile 087 ch1 x=03m

(" solid @ line

horizon depth axis

tick spacing | 5 E 20
big tick freq. | 2 E 40
label freq. [ 2 S
max depth(m 80 5
E 100 ‘5_’
v core*.dat file E EE
corel.dat vl EWEU
E 180
- T T T T T T T T T
[+ amplitude map 0 3 3 9 12 15 18 21 2 27
smooth amp x(m)
100
Caltrans-Standard
recompile Caltrans 80
60 S
calibrate metal plate 2
120 avg reflection 40 §
[~ AilAmetal depth
20
\ T \ T \ T \ T 0
0 3 6 9 12 15 18 21 24 27
x(m)
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Information from drill cores on a site can be displayed in the Horizon
Detection and Mapping menu as well as in OpenGL Volume Draw menu.
The information from the drill core are written to files that must begin
with core*.dat and are stored directly in the main project folder. The
format of the core file should be

Core**x*

Range along profile, x, y,core radius
1,thickness,”material name”,,color number (1-10)
2, thickness,”material name”,color number (1-10)
Etc

N, thickness,”material name”,color number (1-10)
Core*** repeat

An example is shown in the previous screen shot with 3 cores in the
Horizon menu and the same data in OpenGL Volume Draw menu along
with a screen shot of a core file format below. The radius of the core can
be customized in the file. If it is not set the default radius in the OpenGL
Volume Draw menu will be used.

horizon3.grd +

[0, transp | v-xfm hrzn|net|cont| j 16 z+ | xy-| 1.6 xy+| slow make animation | beta google kmz
28 234 e xso—LI 0 iso Y | z | H [ rxim | [vadar\ '~ step-|step+| bounce | store| rotxy | rot-z| " traj anim. | set
Wl‘ fil stat | 4| 2Dofi | O s |R[file__097 chidv]|2 |—————— clear| tlle [>RE DATAIn OPENGL [ Z-solid-beta

i:;\;en draw_core1' d _
section e ile Edit Format View
e e CORE DATA in OPENG

DXF | DXFz- Corel &
reset 5,2,5,.5
arrow keys 1,.5,"asphalt",
m,;%?" 2,.4,"gravel" ,
w,g-width 3,.3,"sand2"
h,g-height Coread
l’:;‘_"i‘:'a'e 10,1,1¢, .5
1,.5,"gravel
2,.4,"soil"
3,.2,"sand2"
Core malibu
17,2,17,.5
1,.5,"gravel ,2
2,.4,"soil"
3,.7,"sand2"
line | pipe | Itop
phere| rect |
[T m
length[4 m
height [0.084 ns
set size
tspoints-off
I annotate
read xypoints =
read tspoints
read tspointg! /2‘
imj ints
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Depth Radargrams

Almost always, radargrams that are displayed are usually shown in
time. Often a depth scale is provided which is based on a nominal
velocity across the site. These radargrams are usually though just
referred to as “time” radargrams as they do not account for laterally
varying velocity layers. Using the Horizon menu and detecting up to 8
horizons including the ground surface, an actual depth radargram can be
converted using the layer velocity model and the horizons detected.
GPR-SLICE will adjust the depth the binary values in a radargram based
the actual velocity between chosen layers and using their interval
velocities. If some layers have very slow velocities, these regions of the
radargram will look much narrower in actual depth then as seen on a time
radargram. Likewise, layers with much higher velocities will be adjusted
to their true variable thicknesses across the radargram and these regions
will be much thicker than in the time radargram display.

To make a depth radargram, the user will first set horizon 1 - the
ground surface horizon, followed by the next horizon #2 and so on in the
Horizon Detection and Mapping menu found under Statics (see next
screen shot). Once the horizons are set along with their respective
velocity, a z cell size along with the maximum depth desired to convert
the radargrams is chosen. The cell size will determine the digitization of
the depth radargram in the vertical. @ One should currently choose a
value - along with a maximum depth setting - that will generate a depth
radargram that is slightly lower in the original time radargram
digitization, such that no null cells are created. Clicking the Depth
Radargram button, will start the conversion from time with the final depth
radargram being written to the \topo\ folder. After execution, a new
message box detailing the info-depth.dat information file and the
corresponding samples/scan of the depth radargram will pop up to the
screen. The depth radargram can then be independently displayed in the
Radar 2D menu (see screen shot following pages). A special radio
button in the Options menu will force the y axis display to be just in
depth. For depth converted radargrams, the time window is replaced
with the depth in the profile information file!

Note: Depth radargrams will not be flat on the bottom depth range if
velocities are different between the layers. Null binary values are
recorded in the radargram on the bottom. One can adjust the end
sample display if they wish to cutoff the variable bottom in the Radar 2D
menu and not show the null data.
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|ﬂle_097_ch1.dzi L] horizon correction | | sample start | 30 auto detect on [~ filter xpixels [ 800
batch correction sampleend | 30 auto detect batch 10 length ypixels | 220
rangestat [0 reset | draw edit N-backup 0 followhorizon |1 threshold resize
rangeend | 28 drawlength| 40  save horizon#  [2 follow horizon batch | peak+ (" peak- store jpg|
scroll+ | scroll- n = 58
de-scroll [ 10
redraw
horizon v-mins 2
W 1 fcyan || .07 [
V2 [owe ~|[.13 :-“ ———— A ety ——————— S e e m—
WV 3 |red ~|[ 07 A A A A oy “ ‘——M- gy v:-.: ::/- ye— .,.. %—::—-.-
4 |can | A o i -ﬁ"““ wouin s e~
"5 |green ~|| 1 wo|
6 [red ~|[1 .
7 |white | .1
8 [yellow ~|[ 1 P A ey
n

" solid @ line

depth radargram
zscan sample 240

zcell size [ 005
max depth(m

Time to Depth Converted Radargrams

[~ core*.datfil
[?:z:edatale—j_' info-depth.dat written for depth radargrams in the \topo\ folder
. sample digitization= 240

v amplitude map

smooth amp

Caltrans-Standard

recompile Caltrans
linear density (m) | 1

calibrate metal plate

2000 avg reflection
[~ Ai/Ametal depth

Figure 1. Depth radargrams, converted using the layer velocity models,
are now available in the Auto Horizon Detection menu.
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@ GPRSLICE & Penetra Radar Imaging Software: ¢ e\horizon
File Reve vig Slice Pixe 3 r Static Animation Help
project | folder | options| I~ radar | open
-
GL.
[ Radargrams:  ci\kisatchie\horizon - o x
e [ | info i info-depih. dat |
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transform [ 29
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skip N Scan |1—
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ongn X[ 75 ¥ [35
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" omp T jpg
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|¥ automatic markersilabeling

[
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big tick freq
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© gridiines
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[~ concatenate
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© 2+ side Iabels
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Cns Cin CRk O Coff
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tick spacing [0 labeling [~
bigtickfreq. [ velocity
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© time window Search menu

" time

A =

<

I @ depth  (requires info*-depth.dat) I

aad constanvdatum [ 0

Time label
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fime
depth

requires pth 1abeling

GPS trackiXY plot only (9]
importoz dat overlay pointfile [~

*flag for 2D Pixel Map menu only

= setline type in GPS track menu

Figure 2. Converted depth radargrams can be displayed with only depth
labeling using the “depth” radio button in the Options menu.

Horizon Correction

The Draw Horizon Menu has options for drawing a horizon profile
across a radargram following a stratigraphic layer. The horizon correction
will “back correct” the horizon to be flat and write a horizon corrected

radargram.

operations on radargrams are written to the \topo\ folder.
corrections are useful when time slices that are not level

All static corrections for both topography and horizon

radargrams is desired.

regular time slice processes are applied to this dataset.

Horizon
across the
Once the radargrams are horizon corrected, then
In essence, a 3D

slicing surface can be generated in order to create “horizon slices” - slices
that follow the 3D surface.

Shown below is an example of when horizon slices are more useful the

level time slices.

If one wants to find anomalies within an undulating
subsurface layer, then making level slices in time will create anomalies
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which are more sensitive to stratigraphic changes. A horizon slice which
follows the undulating layer will have a better chance of imaging
anomalies which are buried within the undulating layer. Horizon slices
have been used to map pit dwellings within undulating living surfaces
from the Jomon period in Guma Prefecture.

Cache Pit on Undulating Living Surface

Level Slice

Horizon Slice

In the Draw Horizon Menu, the user can draw a horizon profile across
the radargram and then run the Horizon Correction process. The process
can also be run in batch by importing an xyz horizon file following the
steps similarly given for the batch topography operations. The
microwave velocity and an appropriate new samples/scan need to be set
in the Static Menu before beginning horizon operations.

Horizon corrected radargrams are also written to the \topo\ folder.
Running the standard slicing procedures on the \topo\ folder (making
sure to create a new info file, e.g. infotopo.dat with the new
samples/scan included), horizon slices will be generated. Horizon profiles
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are stored as *.hoz files in the \topo\ folder for each radargram. An
example of a horizon correction made on a is shown below for the 3rd
Horizon detected.

€& Horizon Correction: processing scan 673 of 673

new samplestart [300  autodetect  [onf~ filter xpixels [600
file__098_ch1dzx batch correction | | sample end [400 auto detectbatch | 20  length ypixels [300
rangestart [0 reset | drawledit horizon | | N-backu follow horizon 2 threshold resize |
rangeend [ 28 draw length[ 5 save I EE [-%# = 1 Tolow horizon batch | peak+ @ peak- jpgname[ store jpg|
Scroll scan = 13 sample= 27
range=05m time = 1.17ns
depth = 0.04m
_redraw_| \resamplelfile__ 097 _chi_x=0.3m
horizon v-mins 0
[v 1 |green «|| 07 3
[v 2 |blue | 1
[v 3 |cyan ~| 07 6
= 4 [red | 07 R
[ & |green =|| 07 " 9 =
[ 6 |red = 07 d 12% <:
[~ 7 |white | 07 » | &
[~'8 |yellow »|| .07 . 15

Caltrans-Standard ‘ i p L 2%
recompile Caltrans = 1 | 1 | | 2 Horizon #3 is made
‘linear density (m)[ 1 0 ! 5 ! e m ' . “ # flat in a new radargram
\topotfile__ 097 ch1 x=0.3m 0 in the \topo\ folder when
3 the Horizon Correction
6 operation is clicked
9

[~ amplitude map

calibrate metal plate
0 avg reflection
[~ AilAmetal depth

Horizon Slicing

Horizon surfaces which are generated in the Static menu can be used
to slice the Open GL Volume using the new “H” button. To access this
feature, the desired horizon detected is highlighted in the Horizon listbox.
Clicking the “H"” button will display the horizon surface and the amplitudes
within the volume. Horizon surface amplitudes are particularly valuable
in finding amplitude changes following variable subsurface stratigraphy.
In archaeological applications, non-level ancient living surfaces can be
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mapped and reflection changes following this ancient surface can yield
areas where pit house or other archaeological features may be hidden.
Simple level time slices would have imaging artifacts associated with

slicing through subsurface topography which would usually hide buried
features.

An example of horizon surface mapping is shown below. This horizon
project is part of the Kisatchie Advanced Workshop folders available on
the ftp site (www.gpr-survey.com/practice).

© GPR-SLICE - Open GL Volume Display:

\kisatchie\horizon\: la3d.dat

color | up | In0 | dn horizon2.grd  + psp- |psp+| dn | up [slow| fast|  storejpg | identfier
0 transp. j———— I~ lo-hicut_v-xtm | hezn | net [ cont| [z ] z+[xy-[ 72 xy+[stop| it | rt | make animation |

0 {
5 28 248 lite iso-L| 0 iso Y|z r-xfm | [ \resam, ple\ =]

X step- | step+| bounce | store[ rotxy | rot-z [  trajectory anim.
grid2d [[GPS/xy pit = fil | stat | export | 2Doff | O [ S | R [fle___007 chid~|¥ J————————  clear| file I~ Z-solid-beta

(su) owm
time (1S)
=D e > 2T

Another example of a horizon mapping image was developed by Jason
Herrmann from the University of Arkansas and used in his study of
ancient living surfaces beneath sand dunes in the United Arab Emirates.
Jason’s has used topographically corrected radargrams and then detected
horizon surfaces using the automatic features in the Draw Horizon menu.
He then compiled and gridded the horizons from the Static menu and
displayed these surfaces in the Open GL Volume menu.
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Three-dimensional model of aeolian sand dunes
Q.c;\- and gypsum gravel pavement from GPR

Saruq al-Hadid, Dubai, United Arab Emirates
(c) Jason T. Herrmann 2009

Note: The horizon surfaces displayed are made from the time windowed
- and spatially averaged reflection amplitudes for generating the 3D
volume. An alternative horizon dataset can be generated which
represents just the peak response of the detected horizon - using a single
value of the peak response. @ When the auto detection process is run in
the Horizon Detection and Mapping menu, in addition the horizon profile,
the amplitude of the detected horizon is output to a file in the \topo\
folder called horzampN.dat as previously discussed. These horizon
amplitude files can be gridded and displayed in the regular 2D Pixel map

312



313

menu. These values represent just the peak response of the detected
horizon and do not represent windowed horizons which are generated in
the 3D volume. Either the peak + or peak - response can be detected
and reported in the output files.

Note: To get the best horizon slices it may be necessary to increases the
number of interpolations to generate rather denser 3D volumes in the z
direction for import to Open GL.

2D Time slice + Topo Contours

& GPR-SLICE:  Ground Penetrating Radar Imaging Software:  \kisatchie\mala-topo\
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter | Static Animation Help

project | folder %ons T radar | open static-topography
A slice I

— static-horizons

) Pixel Maps: \kisatc =14 | O/ Time Slices: 2d time slice + topo contours
make 3D file + topo
title1 identifier list | 5 - select topo file
title2 identifier [ o example:
~ -
starl#|1— aoran. 20 |
rids rows
o] e 2 T : Open GL Topo Volume Warp
Qverlay
[ [o2.grd Open GL Topo Volume Warp + Draw
gric#| 1 Draw b3 g
Color 162 grd
x0( ¥o[o v | Ib5.grd
AT l“—r focus [+ 166 grd
% [167 grd
overllgain [1 o
i‘ [ | 168.grd
normalization %
@ relative {18 grd
" absolute [#|1b10.grd
(" ABSOLUTE (g0, Jv | Ib11.grd
[+ | 1612 grd
autoscaling F o g
origin X[ 750 Y [70 i 20
length X[ 300 Y [ 300 200% [+ | 1615 grd
©) Plot Options:  \kisatchie\mala
time slice colors| 10 Edit X screen size 1920 Contours ¢~ Xform
radargram colors| 1 pesEmeE “050 i@ linear
isosurface colors| 41 [~ shaded relief  custom
horizon colors| 46 [~ reverse colors menu font size [ g  only

 off

# of contours 5
RangeAxis @ m ¢ cm ( km font weight [ 15
contours(1.48.<256)

[ automatic markers/labeling

Ci Cyd Comi
font width
Cin C mm  off 16 pen width lz—
tickspacing [5 @ of font color [ plack v

Time slices can be overlaid with the topographic contours. This option
is entered through the Static pull down menu. An active topography file
which has the exact same starting and ending locations as well as the
same grid cell size as the time slice must be used. The topography file
will normally be imported in the Static correction menu and then gridded
over the same area and grid cell size as used for the time slice maps.
Level plane time slices made from either topography corrected
radargrams or even extracted from topography adjusted 3D volumes can
be displays with the topo contours. Even imported data (e.g. from mag
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or resistivity or em) can be overlaid with topo contours as long as the grid
sizes and cell sizes are the same.

Note: The number of contours to use for the topo map is set in the
Options menu along with the contour pen thickness.

Open GL Topo Volume Warp

Most of the discussion in the static options in the software is concerned
with correction of datasets for topography before display. This means the
datasets/files are actually rewritten on disk to account for elevation
changes across a survey. For binary radargrams, new binary radargrams
with extended samples/scan are written to account for elevation, and for
3D files, new binary file is rewritten to account for elevation. These files
can get very large on disk and sometimes displaying them with available
graphic resources can be problematic. Particularly for sites where the
elevation change is much larger than the depth of the digitized
radargrams, showing a topographically adjusted radargram that is
rewritten on disk, may not be able to display if the size of the new binary
radargram is beyond the limits of the graphic memory.

An option now exists in Open GL Volume to simply warp elements into
the topography grid without actually having to read topographically
adjusted files. The option called Open GL Topo Volume Warp will import
a flat rectangular volume and then warp the volume following the
topography grid file. In addition, this menu can also warp radargrams as
well as isosurface to follow the topography. The advantages of these
displays are they are faster to display and only require the topography
uncorrected files in doing the warping. The Open GL Topo Volume Warp
menu is limited to showing topo time slices and cannot show level plane
time slices. To show level plane time slices, corrected data volumes must
first be generated as discussed in the previous sections, and then these
corrected volumes are slice horizontally in the regular Open GL Volume
menu (described in next section).

An example of a 3D volume which is simply warped into topography is
shown in the next screen shot with a radargram, isosurface, z topo plane
as well as the net topography display. Using the Net button, the
topography can be placed inside the graphic dialog. Clicking the Net
button several time cycles through various hardwired density of the
displayed net line.
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© GPR-SLICE:  Ground Penetrating Radar Imaging Software: \kisatchie\mala-topo\
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter | Static Animation Help

project | folder aﬂons T radar open static-topography
EF@J = = static-horizons

€D GPR-SLICE - Open GL Volume Display:  \kisatchie\ma ~ 2dtime slice + topo contours O x|

helpset |f°CUS [~ qd4 color| up | In0 |dn topo1.grd vl psp- | psp+| dn ui make 3D file + topo
0 0 [ lo-hicut v-xfm hrznl net | contl z- |16 z+|xy- 1.( select tOpO file

0
27 22 195 lite iso—LliS iso | X | Y | Z | H| rxfm I\resample\ v step- step+l bounce |s
giid2d [GPSixy p = |V fil stat | export | 2Doff [ O[S | R [dat 00143 ]

N

Open GL Topo Volume Warp |

Open GL Topo Volume Warp + Draw

Level Plane 3D Slices — Making a 3D Binary File + Topo

An option exits in the Static pull-down menu to create a standalone
3D binary file which has been adjusted for topography (see the next
diagram). Normally, one can create a 3D binary file that is uncorrected
for topography. Then, after the topographic grid is generated, the 3D
binary file can be adjusted for topography. The requirements are that the
X and Y dimensions of the 3D binary file and the topography file must be
the same. The new topography adjusted 3D file will have a Z dimension
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which is the addition of the 3D file Z dimension plus the effective sample
depth of the topography. One should be careful in creating these
topography files as the size of the 3D topography adjusted files can be
quite large. Sufficient computer resources may be required to actually be
able to read in these files for 3D displays.

& GPR-SLICE: Ground Penetrating Radar Imaging Software: \kisatchie\mala-topo\
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter | Static Animation Help

project | folder | options T radar | open static-topography
- g : GL 7 i
= - static-horizons

2d time slice + topo contours

I Standard Topo 1 make 3D file + topo

select topo file
Vector Topo | search n 03“5] 2 Interpolate gap pe
***may only be required for vector volume
adjustments and not standard correction:
Open GL Topo Volume Warp

Open GL Topo Volume Warp + Draw
T ———

& GPR-SLICE - Open GL Volume Display: \kisatchie\mala-topo\: Itopo-la3d.dat

helpset FOCUSI— <:ha|rl‘3‘3"'cl [[——— color| upl In0 |dn| |topo1.grd vl psp- I psp+| dn | up Islowl fastl bmpl ipg Ix iden

0. 0. trans _]— [~ lo-hicut v-xfm hrznl net I contl z- | 2.3 z+ I xy- | 09 xy+l stop | It lEl make animation
27. 22. 18] lite ISO-LI—7 iso X | X I Z | H | rxfm I\resample\ LI step- step+| bouncelstorel rot-xy rot-z| trajectory anim.
grid2d [GPS/xypit > | fil stat | export | 2Doff [ O s | R [dat_0001rd3 < |2 ————— clear| fitle | o

zscan=24  z=113.46cm
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The new filename for the topography adjusted 3D file is automatically
written automatically as “topo- + original 3D filename.dat”. This filename
can be entered into the Select 3D File slot in the 3D Volume menu and all
the 3D volume display options are available. The advantage of using the
3D topo adjusted file is that the user can make 3D level plane time slices
in the normal Open GL Volume menu.

One advantage of creating level plane time slices using the 3D
topography adjusted volume is that one can avoid the “peeling effect”
which often accompanies making time slices of topography adjusted
radargrams. The peeling effect comes from time slicing raw topography
adjusted radargrams and is caused by the strong ground reflection signal
which dominates the outside data contours. The peeling effect subsides
after the time slicing is completely below the ground surface reflection
when considering the topography as well. The topography adjusted
volume, since it is normally created with normalized time slice maps, the
ground surface or upper time slice is not necessarily dominating the
reflection volume. Level plane slicing of this dataset will not show a
strong edge effect at the border of the topography where the slicing is
made. The peeling effect in time slicing of topography adjusted
radargrams can however if background filtered radargrams are used
rather than raw radargrams. Nonetheless, the topography adjusted 3D
volume which is first generated from slicing flat-uncorrected radargrams,
removes the peeling effect without having to apply background filters to
the raw data. Background filters can often remove important features in
the data. The features from creating the 3D topography adjusted volume
can help the user to preserve the original integrity of the data which may
better assist them in detecting real subsurface features.
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Animation Menu: Overview

Creating a Stand Alone Animation Folder

€Y Animations: treasure - o] x|

Identifier Frame Frame

Start End
Animation 1 IXB-' 1 I 60
Animation 2 I ZXN 1 I 76
Animation 3 I radar 1 |21
Animation 4 |3dradar 1 |21
Animation 5 I render 1 I 90'

Animation 6

Animation 7

Animation 8

Animation 9

Animation 10

Animation 11

Animation 12

Animation 13

Animation 14

Animation 15

Animation 16

Animation 17

|
|
|
|
|
|
|
|
|
|
|
|
Animation 18 I
|
|
|
|
|
|
|
|
|
|
|
|

Animation 19

Animation 20

Animation 21

Animation 22

Animation 23

Animation 24

Animation 25

Animation 26

Animation 27

Animation 28 I Export Animations I

= jpg
- bmy

Animation 29

Animation 30

The user can create a stand-alone folder which contains all the
animations created in their GPR-SLICE project. The animation software is
available to GPR-SLICE users and they can give this portion of the code to
their clients free of charge without a license. To create a standalone
animation folder, do the following:

1. Create your animations, currently up to 30 per project

2. Click the “Export Animations” button at the bottom of the
Animation List Menu (see menu picture below) .... that's all
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The action on step 2 will create a separate folder in the project called
\animation\. This folder contains the GPR-SLICE Animation.exe and the
necessary dlls (dynamic link libraries) for the exportable animation to
run. The folder will also contain a copy of all the JPGs (BMPs) that the
user created for the animation.

GPR-SLICE has the capability to show 2 animations running
simultaneously on the computer screen. Whatever animations are kept in
the Animation list, will appear as button on the left side of the animation
menus. To get an animation to run, first click the desired animation
button, then click the Bounce button. The animation will run from the top
down. The user can pause, or step through the animation one-by-one by
clicking the appropriate menu buttons. A convenient scaling button is
also on the menu. Scaling the animation can degrade the picture for the
animation since raster graphics are being used.

An example of 2 different animations that the user can generate and
have run simultaneously as different threads is shown:

5 Animation 1: \kisatchie\concrete\jpg\zpip43.j
100 _| bovac stope | [

botm | top | bounce | pause oo | sow | fos | scr | sele |

‘g::‘s‘k

] ! T i [ 1 T 1
8 12 16 20 24 28 32 36 40 44 48
x (in)
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AVI creation

We have had several requests to provide for AVI video creation of the
GPR-SLICE animations. I gave this task to Justin Klein and he was able
to find a seamless solution which we now provide for in the Animation
menu. A new button called export to AVI video will read the jpgs and
create an AVI using the installed codec (shown in the diagram below).
Updates to GPR-SLICE for AVI generation required 2 new files from
version v6.0. One file is a dynamic linked library with the name
Img2vid.dll, along with a uc_ms_mpeg4_pack.exe executable. The
executable will install mpeg4 codec should you want this format installed.
There is a choose AVI codec option as well that if clicked on, will allow
for different installed codec. One may want to check the format of the
installed codec to make sure the video sizes will acceptable. Some of the
formats can generate AVI files which are several 100mb or more which
are probably not wanted. Mpeg4 will have the fastest video creation and
also have the most packed video file format without much loss of
resolution.

1O Nntitu)

botm top |bounce| pause | step- | step+ | slow fast - export to AVI video v choose AVI codec

3 |Video Compression X

Compressor:
Full Frames (Uncompressed) Z]

Intel YUV codec -
Cinepak Codec by Radius

0S0 deo Code
Microsoft MPEG-4 Video Codec \

Microsoft MPEG-4 Video Codec \—
Full Frames (Uncompressed) e

S —\\\:‘}5\

AN Pt
A

\ /
Om 10 20 30 40 50 60 70 80 90 100
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Special Topics
Combining multi-frequency antennas

A new option is available in the Analytics pulldown menu to combine
low frequency and high frequency antenna (see following figure). The
operation will combine either dual frequency or triple frequency
radargrams. For some manufacturers, the time windows are different
between the low and high frequency channels. For dual frequency
operations, the high frequency and low frequency information files must
be named infoa.dat and infob.dat with infob.dat being the low frequency
channel (the channel with the longest time window). For triple frequency
blending (such as for data from US Radar’s Quantum Imager system or
from UTSI Electronics), the software looks for infoa.dat, infob.dat and
infoc.dat with infoc.dat being the low frequency channel having the
deepest time window.

To accommodate for the variability in time window and pulse
digitization between the different antennas, the software operation will
automatically scan resample the high frequency channels and make
separate channels with equal time windows. The bottom of the
resampled channels will have null - 0 data. The filename for these
generated channels is appended with the name “comp-" to signify
compression — which is essentially the mathematics that is applied to
match the digitization of the time windows for each channel. These scan
resampled radargrams with the “comp-" identifier are written to the exact
same processing folder highlighted.

After the operation is run 2 separate information files are written. For
combining just 2 frequencies the software will generate the infoant3.dat
and the infoantl123.dat files. Infoant3.dat has just the name of the
combined radargram which is appended with the name "“ba” on the
blended radargrams. The information file “infoant123.dat” will contain
the names of the low frequency resampled channel, the high frequency
channel and the combined radargram name. Similarly, for combining 3
antenna frequencies, the info file names generated are infoant4.dat and
infoant1234.dat which will have the combined radargrams and the
separate 3 frequencies and the resultant radargram. The infoantl123.dat
and infoant1234.dat files will make it easy to examine all the separate
frequencies and the combined radargram for viewing in the Radar 2D
menu.

Note: Currently the operation assumes that time Ons is the same between
the different antenna. If time Ons is significantly different, then
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radargram editing operations should be run prior to combining the
different antenna frequencies. Each antenna can also be blended with
their own multiplier constant.  If the constants are set to 1 for each
channel, there is a potential for the combined radargram to have clipped
pulses that go beyond the binary resolution of the data recording. In this
case, one might opt to set each antenna multiplier to 0.333 for the
combining operation.

D)

File Reverse Navigation Slice Grid Pixel Radar 3d volume Filter Static Animation Help

@ Radargrams: - Murphy help

antenna 1 - resampled

\boxcarlcomp-aSISK WATERFORD 005 x=0.m

0.0 24311

workl threshold
shreshold [0 A—A
hreshald [0

statisfic start sample [0

statistic end sample |

antennal mufipier  [1 antl+ant2
antenna2 mufipier [ 1 +
*requires infoa.dat infob.dat

“infob.dat = low freq channel 00 10 20 0
ant 14243

depth (cm)

231

24311

+
antenna3 muftipier | 1 |:|
“requires infoa.dat infob.dat infoc.dat
“infoc.dat = low freq channel

depth (cm)
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Antenna?l + Antenna2 + Antenna 3

*** information file infoantd.dat and infoant1234.dat written

OK
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E |
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Mosaic Correction

Ground Penetrating Radar (GPR) radargrams can be subject to a host
of noises, including mosaic noises. Mosaic nhoises represent abrupt
changes in background reflection strengths recorded between adjacent or
nearby survey fields. The abrupt changes can be a result of equipment
noises, geological noises, and/or varying field conditions caused by
weather. In addition, untrained operators of GPR equipment can also
accidentally insert mosaic noises into the data if inconsistent radar control
unit settings are used to study a site. GPR surveys which occur over
several field days will often lead to inherent mosaic noises in GPR
datasets, since soil conditions can vary significantly day-to-day.

Whatever the cause for mosaic noises, their removal during post
processing is essential to detecting continuous subsurface features across
a site. In GPR-SLICE v7.0 Software, several methods currently exist for
removing mosaic noises. Some are in the stand along Mosaic Correction
menu and others are located in the Slice/Resample menu with corrections
made to the ASCII time slices. The most time consuming corrections but
which can always give the best results involves making subgrids,
adjusting the transforms individually and appending the subgrids to
combined grid in the Pixel Map menu.

Among the mosaic corrections available are:

e Screen capture and gaining (Mosaic Correction menu)

e A \variation on screen capture with regridding (Mosaic
Correction menu)

e 0 median grid/ 0 mean grid (Mosaic Correction Menu)

e Transform matching and grid appending (Pixel Map menu)

e Omean grid/ Omean line/ Edge matching /Histogram matching
(Slice/Resample menu)

The first method involves capturing rectangular areas which have
different gains and then adjusting real time. A variation on the first
method where the gains used in the real time adjustments on blocks are
then used in the re-grid calculation. The other methods involve breaking
a large survey grid into numerous sub-grids where mosaics are identified
and then applying some kind of data transforms to best match all the
sub-grids. A composite grid containing all the transform adjusted sub-
grids can then be synthesized. Another method involves simply
capturing individual mosaic regions from within the large image
containing mosaic noises, and applying gaining to individual areas real

323



324

time. Some statistics can be applied which can match the median or
background values between sampled areas automatically.

Mosaic corrections have been successfully applied in many GPR
surveys, including a survey at the Irebaru site in Chatan City, Okinawa by
the Geophysical Archaeometry Laboratory. Severe weather conditions
caused extreme noises in the time slice datasets. Shown in the diagram
in the next page is a time slice map with a mosaic problem. The mosaic
was caused by rainy conditions that altered the background reflections
above y ranges of 20m

Mosaic Correction Method: Screen Capture and regaining

The easiest way to fix mosaics is too launch the Mosaic Correction
Menu located on the Pixel Map pull down menu (see diagrams on the next
page). In this menu the user has the ability to capture areas with a
mouse and then apply or decrease the gain in the area. Clicking the
gain+/- switches will add or decrease the reflections in the captured area.
The user can use their eyes to determine when a good match is made. If
they like the correction, by clicking the “"Write New Grid” button, a new
grid with the prefix "m” will be written. The time slices displayed in the
menu are chosen from the setting in the Pixel Map menu. The user can
import other grid numbers in the dataset in this menu. Also, a button to
add, rather than multiply grid values over the captured mosaic region is
available. Clicking the DC +/ will add or subtract values. Adding values
rather than multiplying will bring colors up gradually across the whole
map ( In future versions, some statistic will be available which will
automate some of the processes in the Mosaic Correction Menu).

The user can also use the Div +/- buttons in the Mosaic Correction.
In this application, the user must first set the division file in the Edit Info
File menu where the radargram blocks begin. The first radargram will
always need to be checked on in the Division file followed by checking
every radargram where a new block of data with noises exist. @ Once
these are set, clicking the Div +/- will automatically discover the
rectangular regions across the grid corresponding to those different sub-
grids that have mosaic noises. As the Div +/- button is incremented the
online box will increment to different blocks.

The menu options can also be used to highlight an individual area
within any chosen part of the time slice map, as is shown on the mosaic
corrected image in the following page where a small rectangular block is
emphasized.
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Notel: In implementing mosaic corrections, it is often better to work with
the unsmoothed grid set. After mosaic corrections are made, the user
can apply a lo-pass filter to the corrected grid, e.g. either a 3x3 or 5x5 lo-
pass filter, to better blend the edges of the mosaic regions.

Note2: In correcting for mosaics, it is best to gain the area of the time
slice maps which have either real weak colors or too strong of colors
contrasts. For instance, in the example in the following page, the region
above the line y=20m has overall weak colors in the map - e.g. too much
blue and reflections are weak overall. The area below y=20m shows a
well balance in color contrasts across this region. It is thus best to adjust
the top region to match the bottom region in order to create maps with
more “equal” contrasts in them.

Write New grid

x0-

. Irawlgrd w| %

dentﬁerl = ]
#grids| 2

new area

[x0+[y0-[yo+[xt-[xt+[yt-[y1+] [gain-] 2 gain+| DC%-
0 0

304 1 1

manual gain adjustments on defined blocks
ra\1v4,:‘7-l15n|s

TPVPPY PRV FPPYL PYPPY PRI FOYUY PPPPY POYPY FPPY POPPY PEVPY PPV POTPT POVPY FEVTY PYPPY PEVPY FRVTY POPPI PPOVY 0PN |

~

Regrid Option:
1.set area(s)
by division
or by mouse
2. adjust gain
3. regrid *.dat

W show div.

Omean grid ; . ’ : g
SN L U W WA L L
Omean batch 75 100 125 150
rawd.: 7-15ns
Omedian grid liddaalunt
Omedian batchi

[TOPYY RO PPPIS FPPYY RPN PPYYY FYPYY PRV FETYY PYPPITTTPY FETYY PYPH PYPPY FEPEY PYP PYPTY VPPY RPN FYPTY YOO

100 125

Variation on Screen Capture with Re-gridding

325



326

The Re-grid option can also work very effectively in the menu to adjust
mosaic noises. In this operation, the user sets the desired block with the
div+/- button, adjusts the gain or the dc offset to balance the data with a
nearby block, then uses the Re-grid button to re-grid the *.dat using the
adjustments. While applying the gain or dc adjustments to the actual
grid, edge effects will be seen in the drawing along the block edges. This
is to be expected since the gridded data at the edges were generated
with unmatched searched data from both nearby blocks. However, on re-
gridding, the original *.dat is used to recalculate the grids and those edge
effects will not be present after the operation. For 0 median and O
mean grids, new *.dat and *.grd data are generated with the "Om"
appended identifier. For the Re-grid option, the *.grd is overwritten with
the original name. For 0 median and 0 mean operations and the Re-grid
option, the original *.dat must exist for the corresponding displayed grid
file. Direct gaining on the *.grd file real time with writing to the
"m*.grd" file is available and does not require *.dat data to exist.

Mosaic noises (top) and a mosaic corrected time slice (bottom),
method #1. A highlighted area is also shown as an option for display in
this menu.

Mosaic Correction Method: 0 MedianGrid/ 0 Mean Grid

Mosaic Correction: treasure - 8
- Jatzgd <] +] xﬂl— | X0 +| vU—DI Y0 +| x1‘ —2|0>[<]1 +] Y1| —0\ yi+|  gain- |‘ 2 gan+| Dc%-\! T DO%+| e, | WiteNewgrid |

dentfier| - 200 [ ma12.grd
#grids| 20

plot- | plot+

div- |1 div+
al2: 41-48ns Oma12: 41-48ns

regrid 10

Regrid Option:
1.set area(s)
by division

or by mouse
2 adjust gain
3. regrid *.dat [

[v" show div.

Omean grid
Omean batch
Omedian grid

Omedian batchi

I I -
001 2 3 4 5 6 7 & 9 A0 001 2 3 4 & 6 T 8 9 10
x(m) x(m)

An algorithm to try and automatically correct mosaic correction is
available in the stand-alone Mosaic Correction menu. The operation
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works by calculating the median value of each defined grid division (set in
the info menu) and then normalizing all the blocks by their median
value. For certain kinds of surveys noises the median grid algorithm
may work to balance the different survey blocks. This method is best
suited to surveys where the distribution of data is similar in each of the
blocks. e.g. the same number of weak, medium and strong anomaly
areas are about the same density in each of the blocks. 0 mean grid
operations are also now provided in the stand-alone Mosaic Correction
menu. To properly view the 0 median corrected grids, the user should
run the operation on grid #1 so that this grid set will appear in the Pixel
Map for further viewing an display.

Mosaic Correction Method: Transform Matching + Grid Appending

One of the problems with the first method for correcting mosaics is
that sometimes non-rectangular areas have mosaics. Currently the
Mosaic Correction Menu only provides for capturing rectangular areas to
correct. Also, even with making a good match between areas along with
lo-pass smoothing, there may still be a significant looking streak at the
edges of the mosaic regions. A more involved method which can give
similar if not better results is to break the grids with mosaics up into 2 (or
more) different grid sets. For instance, the radargrams up to an including
the first mosaic can be used to create the a*.grd files, and the second set
of radargrams can be used to create the b*.grd files. Once these are
generated the user can type by hand, the grid names al.grd, bl.grd into
the 1st and 2" positions in the Pixel Map menu. The next step is to
display the time slice maps and then one can adjust the individual
transforms to get a match in color between them. Once a good match is
made, clicking the “Append” button will write a new grid, in this case
“abl.grd”.

Both time slices for this example had the same initial color transform
applied (square root). To match the maps a transform which lowered the
overall reflection in the bottom time slice was manually drawn (bottom
diagram). An example of showing the two grids with different mosaics
broken into an “a” and “b” grid set is shown in the following diagram.
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©GPR-SLICE: _ Ground Penetrating Radar Imaging Software: kumuibaru
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Mosaic noises in two adjacent grids (top) and mosaic adjusted maps
showing the transform used on the 2" grid to match colors with the first
grid (bottom).
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An example of the appended grid from using transform matching is
shown in the following screen shot:
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This method of transform matching can be expanded for more than 2
areas where mosaics appear in a large site that surveyed. In this case
the a,b,c, ... Gridsets are created and then transform adjusting and
finalized by appending all the grids to a single grid.
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Automated Mosaic Corrections: Omean grid /Omean line/ Edge
Matching / Histogram Matching (Slice/Resample menu)

Automated mosaic corrections are also available during compilation of
the time slice data in the Slice/Resample menu. 0 mean grid, 0 mean
line, edge matching, and histogram matching have been developed to
automatically correct for mosaic. The automatic mosaic correction
involves several steps which the user must implement in order to use this
new options. As an example, we shall show some data courtesy of Dan
Elliot of the Lamar Institute. Dan collected about 35 kilometers of data
at a site on Ossabaw Island, Georgia as part of his studies into remote
sensing of features associated slave dwellings on the island. Dan and his
group were very meticulous and recorded a total of 58 GPR survey grids
across the site, as is shown in the next diagram:

885m 985 1085 1185

1) To set the grid divisions, the user can click on those radargrams in
the Edit Info File menu that are at the start of each new block as
shown below in the following menu screen shot:
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Samples/Scan

129
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Unit/Marker I 1

Time Window ns

Resampled Scans/Mark I 32

Resampled Resolution ¢ 8 bit
™ 16 bit

Survey type- _ﬂ
v =

\kisatchie\mala-topo\infc

L= == = - B
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profile name x0 x1 y0 vl
dat_0001.rd3 |0 27. 0. 0.
dat_0002.rd3 |0 27. 0.341 0.341
dat_0003.rd3 0. 27. 0.683 0.683
dat_0004.rd3 |0 27. 1.024 1.024
dat_0005.rd3 |0 27. 1.365 1.365
dat_0006.rd3 |0 27. 1.706 1.706
dat_0007.rd3 0. 27. 2.048 2.048
dat_0008.rd3 |0 27. 2.389 2.389
dat_0009.rd3 |0 27. 273 273
dat_0010.rd3 0. 27. 3.071 3.0M
dat_0011.rd3 0. 27. 3413 3413
dat_0012.rd3 |0 27. 3.754 3.754
dat_0013.rd3 |0 27. 4.095 4.095
dat_0014.rd3 0. 27. 4437 4.437
dat_0015.rd3 0. 27. 4778 4778
dat_0016.rd3 |0 27. 5119 5119
dat_0017.rd3 |0 27. 5.46 546
dat_0018.rd3 0. 27. 5.802 5.802
dat_0019.rd3 0. 27. 6.143 6.143
dat_0020.rd3 |0 27. 6.484 6.484
dat_0021.rd3 |0 27. 6.825 6.825
dat_0022.rd3 0. 27. 7167 7167
dat_0023.rd3 0. 27. 7.508 7.508
dat_0024.rd3 |0 27. 7.849 7.849
dat_0025.rd3 |0 27. 8.19 §.19
next= | <prev | x0 tox‘ll sort x | X ==Y sort y |y0 to y‘1|

del t}ddldel evenl recoverl

When the divisions are chosen, the individual grid blocks will be drawn in

red as was shown in Figure 1.

radargram in each block as they first appear in the information file.
the above example we can see that the 1st file and the 17th file are start
of different grid blocks and are thus clicked on.

Note, the user must click on only the first

In

2) Next, the user proceeds as usual in time slice analysis, e.g.
reversing profiles, applying navigation, and slicing. The user can then
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create several optional time slice datasets that can effectively remove
mosaic noises:

¢ 0O-mean-grid XYZ time slice - XYZ datasets where the mean
from every individual grid block is subtracted from data in that
block to create a "0 mean” for every grid block.

e 0-mean-line XYZ time slices - XYZ datasets where the mean
along every individual profile is subtracted from the time slice
data on that profile to create a "0 mean” for every profile.

) Slice and Resample: treasure _ Ol x|
Files to Siice. | info dat Slice/Resample Slice Files Time Window-ns  Depth (v=0.098mins)
Radargram Dir  ¢g |‘radarl al.dat 0-6.4 0-0.31
~ [¥iter a2.dat 3.76-10.16 0.18-0.5
a3.dat 7.52-13.92 0.37-0.68
¢ '‘migrate\
a4 dat 11.28-17.68 055-0.87
e a5 gat 15,0421 44 074105
o a6.dat 188252 092123
¢ \bandpass\ a7 dat 22.56-28 96 111142
¢ ‘topol a8 dat 26323272 12916
 [vegaim a0.dat 30.08-35.48 147179
-
¢ ‘deconvi allca e L2 BBl Slice/Resample Processing I—
a'l1.dat 376-44. 184-2.16
¢ workl 219 dal 1364776 503534 last executed on° 12-26-2007 12:10-00
_ = = = information file= \tfreasurelinfo dat |
Resample Dir @ |\resamplel a13.dat 45.12-51.52 2.21-2.52 radargram folder= \freasure\radar\
number of files= 20
| 'work\ ald.dat 48.88-55.28 24271 new scansimark= 2
. = al15.dat 52.64-59.04 258-2.89 number of slices= 20
OIS |[20 216 dat 564628 5763.08 thickness samples= 16
Thick: -5 I = ' . = thickness ns= 6.4
ickness:Samples| 16 | 1S [64  Show Example | ai7 dat 60166656  |2053.20 samplesiart. = 12
Sample: Start | 12 End | 200 = sample end = 200
al8.dat 63.92-70.32 3.13-3.45 cut parameter = amplitude
SamplestoOns [ 15— @ constant S Te al19.dat 67.68-74.08 332363 gms per marker = 2
ns offset type= constant
" line-by-line a2t Al TRE Ons offset = 12
Effective Windnwms’ﬁ ns ’50— Create XYZ executed:12-26-2007 12:10:01—
at.dat-a20.dat
Cuiperniate :Eﬂs(ﬁﬂggtude) number of data = 400
Emm Create XYZ executed:12-27-2007 00:33.57—— A
Cuts Per Mark [ 2 -5m next> | <prev. reset log
File Idenllﬁerl a XYZ
%max cutoff [ an XYZ 0-mean-line —_—
%emin cutoff [ g XYZ 0-mean-grid \
XYZhistogram | XYZ line match
\ N

Several options for creating mosaic corrected time slice maps are
available in the Slice/Resample menu. Each of the options may be
more appropriate than the other depending upon the nature of the
recorded data and the mosaic noise appearance. The options are
found just below the normal XYZ time slice creation. For the 0-mean-
line time slice dataset, in the case where linear features parallel to the
profile and large reflective features are not present, the 0-mean-line
data can provide a useful method for matching overall reflections
across a large dataset. If horizontal features are present that were
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parallel to the profiles, they could be effectively removed from the
time slice images. In this case, the 0-mean-line XYZ dataset creation
should not be applied. The 0-mean-grid time slice dataset will remove
the average within each block. Thus, if a single line or two is parallel
to a profile in the image, these reflections will be preserved since only
a single mean value is being subtracted across the whole separate
grid. Seeing several plot examples will better help the user to see the
effects of these 2 essential and important time slice calculations.

0-mean-grid and 0-mean-line calculations for the Ossabaw Island
Georgia dataset are shown in the following pages. The top time slice
is the raw time slice, the middle is the 0-mean-grid time slice, and the
bottom is a time slice using the grid math option in the Grid Menu to
subtract the raw and the 0-mean-grid images. The 0-mean-grid
image shows very good matching in overall reflections between the 58
different grids. Mosaic noises are much more prevalent in the raw
time slice. The subtracted image shows the overall gains subtracted
from each of the different grid blocks. If there were no mosaic noises
existing between the separate blocks, then the difference image would
be solid - in this case we can see that mosaic contributions are
prevalent and could be effectively removed by using the 0-mean-grid
time slice creation.

Examining the 0-mean-line time slice, we can see that the
difference image on the bottom shows mosaic noises are removed - in
addition - streaks parallel to the profiles can be seen embedded within
the mosaic components. The streaks are reflections from line noises
that were running parallel to the profiles. These are also effectively
removed from using the 0-mean-line XYZ time slice creation. One
horizontal utility running from about the range 990-1060m in the time
slice image, can be clearly seen in the raw and the 0-mean-grid,
however, the 0-mean-line time slice shows this horizontal reflection
significantly decreased and nearly invisible.

The 0-mean-line and the 0-mean-grid calculations can be assisted
using the %max Cutoff and the %min Cutoff settings residing next to
these processes in the Slice/Resample menu. The cutoff settings are
to help in making better estimates of the mosaic noise background
levels. The plots in the examples for Ossabaw Island Georgia, were
made with the %max Cutoff set to 75% and the %min Cutoff set to
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Ossabaw Island Georgia - Lamar Institute GPR Survey

plot#1: Raw, plot#2: 0-mean-grid plot#3: (Raw) minus (0-mean-grid)

raw8: 12.6-17.9ns
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Ossabaw Island Georgia - Lamar Institute GPR Survey
plot#1: Raw, plot#2: 0-mean-line plot#3: (Raw) minus (0-mean-line)

raw8: 12.6-17.9n
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0%. The 75% setting will include all the data in the grid which is the
bottom 75% in strength - e.g. the top 25% reflectors are not used in
determining the average of the block. Similarly, the settings are also
active for the 0-mean-line XYZ creation, and will throw away the top
25% strongest time slice values found on the profile and will only use
the bottom 75% values to determine the average reflection strength.
The reason that this works is that the mosaic backgrounds are usually
not the strongest reflected energy recorded. Mosaic noises are usually
at the lowest reflected strengths in the time slice images. If the entire
data were used in determining the filter, then areas that had a strong
reflection would overweight the filter and when the mean were
subtracted from either the line or the grid calculation, the overall
average reflection or the median reflection would be much weaker
than the 0 mean. A median calculation in addition to the mean might
also work, and this may be examined in the future.

XYZ Edge Match requires the user to set the division file in the Edit
Info File menu. Edge matching will adjust the block of data based on
the reflections between two adjacent radargrams in each of the two
different blocks.

XYZ Histogram Matching

Another mosaic correction method examines the histograms of
different blocks of data and will try to match the histograms for solving
mosaic noises. The operation will look at 3 standard deviations away
from the average time slice value and will apply a gain factor to
datasets to stretch or shrink the histogram so that the junctures where
the 3 standard deviations on each side of the mean matches. The
junctures on the histogram are defined in the Transform menu by the
lo-cut and hi-cut thresholds. The process will also shift the means so
that these also line wup. This process is available in the
Slice/Resample operation and is operated on the data before the ASCII
time slices are generated.

Note 1: Remember, the divisions need to be set in the Edit Info File

menu to define blocks of radargrams from different grid sets where
mosaic noises exist.
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Slice and Resample: Ft Sk

locut=0 Mosalc area 1 hicut=72

il
\

std.dev.=12.2

locut=0  Mosaic area 2  ,jcyi=54

! avg=19.3
- 4

= /
std.dev=7.1

'

1

1

| I
locut=0 hicut=72

Ty

Mosaic area 2:
stetched and shifted histogram

In all data processing steps, it is always useful to compute the raw
time slices without any processing. Raw time slice XYZ datasets are
compiled at the XYZ button in the Slice/Resample Menu.
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Grid Math Option: Adding x+y grids to create xy grids

The user has several options in GPR-SLICE to create time slice grids
from data collected in both the x and y directions for a survey site. In the
traditional method, the user can create a comprehensive information file
containing the names of all the radargrams and their location within the
grid. The user would normally create an infox.dat file and then an
infoy.dat file and append these together to the infoxy.dat file for
example, in the Create Info File submenu.

Often, the data collected in the x or in the y direction may have been
recorded at significantly different times than the other orthogonal
direction. Also, some investigators often will change the control settings
after collecting in one direction to improve the appearance and gain of the
raw radargrams. This is not recommended for creating useful time slice
images. In any event, from either diurnal variation in temperature or
other factors, the overall gain of either the x or the y dataset over a site
may be slightly or significantly different than the other set of data normal
to it. In doing gridding using the comprehensive dataset, digital noises
can arise, particular for kriging gridding operations if significant amplitude
changes are recorded nearby or in the same locations from the x and y
datasets. The time slices computed from those radargrams which are
only going in the same direction and examining these datasets, are
sometimes more useful and less noisy than the combined xy time slices.

In the case when digital noises can arise from gridding different
overall gains between x and y datasets, and the user would like a
comprehensive map, it is useful to combine the individually computed x
and y time slices using grid math. Grid math can be done between two
time slice grid sets in the Grid Menu. The user inserts the identifier the
x*.grd dataset and y*.grd dataset, and sets a new output identifier. In
the case below, the x and y grids will be added with equal weight (e.g. a
multiplier = 1) to a new set of time slices called the xplusy*.grd.

Gridding:  \kisatchiel\tilt

output identifier X+y (grid-1)+a*(grid-2) |

grid1 ident/ volume1
[x (vol-1)+a*(vol-2) |
grid2 ident/ volume2 |y

a multiplier I 1
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Shown in diagram on the next page, is an example of a dataset
collected along both x and y directions and comparison with, gridding
using the complete xy dataset, and another dataset created by physically
adding the individually computed x and y time slice grid maps. The site
shown is provided by Steve DeVore of the National Park Service. The
area surveyed in orthogonal directions is a grave site. The x3 and the y3
time slices were computed individually, and the xy3 time slice was
computed using the regular xy kriging gridding. Some spotty digital
noise can be seen in the xy3 time slice map. Some hi-resolution
anomalies can be observed on the xy3 time slice map, amongst the
digital noise.

Because there is more spatial coverage using xy comprehensive
datasets, a smaller search radius allows for getting more reliable higher
resolution maps from these datasets. Nonetheless, the digital noise is
apparent and some of this noise might be erroneously interpreted as
reflections from rectangular burial pits. The time slice map xplusy3 was
computed by adding x3 and y3 grids directly using the grid math option.
This dataset has more structures combined into the final image.
Nonetheless, even with the noise, it is up to the user to determine which
of the datasets is most useful for their researches and is more
representative of the suspected subsurface structures.

Courtesy of Steve DeVore - National Park Service

xplus>|/3: 9.4-|19.1n|s xy3: 9I.4-19.1|ns ;
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GPR Monitoring: Volume Math Option

GPR-SLICE can be used in volume monitoring of a site to measure
changes between recorded reflections collected at different times. Just as
single time slice grids can be differenced, since Jan 2011, 3D binary
volumes can also be differenced (or added) using the volume math option
in the Grid menu:

© Gridding:  treasure P [m] B

slice files window-ns grid processed grids
X grid start [ g gridding input grdidat ident | b [¥ processing graphics
Xgridend [ g4 number of slices I 20 140% _ «|autoscaling
help set | 50% |
Y grid start starting slice # I D
’ . cell size 9 s ¢ 1 {;g“//; LI
Ygrdend [ 1o " fine
3D filename
grid cell size | p5 search ((; i:i:ii:d ath HEedDiE |
h - . |
search type [EuelliE] append identifier [g double size
X-search radiusl 1.25
Y-search radlum cecadiiciiey ,m —Islice oLt
blanking radius | 1 25
stagger length I[]_ variogram | append identifier l— rotate/translate |
@ inverse dis. C krigging rotation angle ID— flip X | flip Y |
Smo?;zlg% 2 rangel 12 X-translate ID— " fix data origin
nuggetl 2 EETEE IU— (" fix grid origin
: @ translate header
sill| 1.2
2363 low pass il output identifier |a+b grid1+a*grid2 |
3x3 boxcar subtract grid1 ident/ volume1 I a3dd: | voli+a®vol2 ||
filter type 33 high pass
3x3 Laplacian Ll grid2 ident/ volume2 I b3d.d: rescale a*grid1 |
o ideri a multiplier |_1 Lﬂugl
append iden |er1 -
ope ‘ 2D filter Grid Processing
filter length { 1000 last executed on: 09-15-2011 22:29:58
%max threshold| 100 TrrErl e Ib &I :{;gr:iamqe:_ bl{fgfg:t
) 3D filter | smooth fact= 2
make blank file
%min threshold | 0 x start= 0
ystat=_ 0 hd

The multiplier allows the user to either difference volumes (with a=-1)
or to add volumes with different weights between them if desired. The
user must explicitly write the entire name of volume 1, volume 2 and the
name of the output volume in the menu slots here. After clicking the
(vol)+a*(vol2) button, the math operation which show the % processing
completion on the Windows title bar. An example of differencing 2
volumes is shown in the next screenshot:
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© GPR-SLICE - Open GL Volume Display: \kisatch - |I:I| X
helpset FUC'-'S ' chalrl qd-1 |cut+|_ cut- | color upl In0 |dn| horzn net | psp- | psp+| dn | up |s|uw| fastl store jpg Iz identfier
0. 0. 0.8 [~ lo-hicul v—xfml rxfm [T cont| z- [ 1.5 z+ |xy— 13 xy+| stop| It | rtl make animation
4 4 4 v lite iso | X |y /| Z|H]| radar [file___001.dzt =5 step- step+| bouncelsmrel rot-xy rnt—zl trajectory anim.
grid2d [it.gd = statistic 2Doff | O S clear | ftitle |g between time A and time B
£
O
0

In addition to volume math, grid differencing - rather than grid addition -
can also be run in the same location using the Gridl1+a*Grid2 button and
a value of a=-1.
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Staggering Correction

Hopewell - 270 MHz GPR Survey

Ibf-hope6: 9.7-15.5ns 3“‘999”"9 error
40 Elllllllll 1ottt analananntety l]lll]lll l
204
0 l‘uﬂ 3 ‘ o & = A8
om 20 40 60 80

sbf-hope6: 9.7-15.5ns staggerlng corrected

LA LAL LRl il et it all

40

' lllllllll'lllllllll

20

RRRERARERNRERE LA

Om 20 40 60 80

Staggering errors can occur in doing zig-zag data collection. The
staggering error can see in an example time slice images made for the
Hopewell Indian site that was collected during the National Park Service
Archaeological Prospection workshop in Chillicothe, Ohio. The staggering
can be seen between adjacent lines in the top time slice map above which

shows a jagged reflection (caused from a straight earthen wall that is
buried).

The staggering can be caused by several factors including operator
errors or from small delays in the radar control systems which create the
staggered effect. Staggering is not always apparent in every collected
zig-zag dataset so it is not going to be a universal approach to processing
all GPR datasets. Recently, one user created a staggering error because
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they forgot that the center of the antenna is where navigation should be
tagged. They were using the back wheels of their equipment as the start
and endpoints for profiles - thus they created a staggering which was
about the length of the cart system they were using since the antenna
was in the center of the cart.

OGridding: hopewell

Shice Files  Wind
X Grid Start [ ¢ Start Gridding } Input gra/dat Ident lbf-hox [v Processing Graphics |
XGrdEnd [ 80 Number of Slices [ 9 - Autoscaling ﬁ —
YGridStat [ g ‘ Starting Slice # ['?_T o
Help Set | — h
Y GridEnd [ 40 -
‘ 3D Filename h12-3d.dal Create 3D Fil
Gnd Cell Size | 25 e o J a = l'— {—
Search Type [EeGelE) =
= = Append Identifier e Double Size 17 [—
X-Search Radius [ 15 s A, — h
Y~Search Radius | 15 Append Identifier surfer Slice to Surfer |
Blanking Radius [ 15 [ 7 [ ]
Stagger Length [ 9 bidin Append Identifier ¢ Rotate/Translate } - {
® Inverse Dis  Krigging Rotation Angle [ [
Smoothing | 2 Ramel 4 5 . —
Factor | ; X-Translate 0 } {
Nugget | —
WoeL 2 Y-Translate o i "
Sill| 271+ ‘ [ i
3x3 low pass A 9 ,,9['01,,),+ a'(j,r,'dz,! J ] [
3x3 boxcar subtract Grid 1 Identift ] [
Filter Type 3x3 high pass Y I f
Grid 2 |dentifier I [
Append |dentifier |s
: a Mulbpher ] [
gain | 1 ] - [
Filter Length Start Filtering | lank r 15
e Thoatiod | staggered files
%min Threshold [ E;’:’—({::f ‘jz :

‘ 4 r‘,:_ JO4 az
bfile___006.dzt
bfile__ 008 dzt
bfile___010.dzt

To correct for staggering there is an input in the Grid menu called
"stagger length". The user must manually set the distance they
estimate exists between the staggered lines. In the example above an
estimated stagger length of 0.9 meters is used. The staggering is applied
to the xyz *.dat datasets that are read in and is used to shift lines that
were collected in the reverse direction. The grids are then calculated
using the shifted lines. The bottom image is a time slice corrected for
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staggering. The Grid menu will look at the active info.rev file in the
Reverse Menu to see which lines were collected in the reverse direction.
When the user creates grids when the staggering is set to something
other than 0, a log will be kept in the Grid menu to let the user know
which lines were staggered.

Differential Staggering

In some images it is possible to have staggering that is not always
present in some of the reverse lines. An example of an image is shown in
the following diagram. Ranges greater than about x=12 m shows
staggering noises in the image, however, ranges<12 m do not show
staggering. The causes for the differential staggering noises across
the radargram is not completely known, however, in this case it may
have been because of the result of some ground disturbance caused by a
trench surveyed over on part of the site. Whatever the cause of
differential staggering, to correct this image one does not want to simply
apply staggering to all the reverse lines in the file, but only to those files
that the staggering appears in.

To implement a differential staggering correction the user must return
to the Reverse menu and clicked off those radargrams that do not appear
to have any staggering problems (e.g. up until x=12 m in this example)
The edits are then saved to the info.rev file using the Save Edits button -
noting that the radargram reversing operations are NOT run
again. After redefining the info.rev the user can return directly to h
Grid menu, set the staggering length and then recalculate the grids. The
stagger corrected image looks significantly better than the raw
uncorrected image.
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L Reverse Radargrams: shawn steinmetz
Reverse Files
Reverse Info File |info.rev Start Reversing line?1.0t1
Radargram Dir. | adar, i B i
. e EHEJ [~ pnei3datl
# of Profiles i [~ netd.at1 5 5 o
iﬂ*@_} B = O Time Slices:  shawn steinmetz
: 1 A staggering range
!  ihe77 dtl
XGridstn [3 St Gridding ] - iheT8att d5:12-17ns 1 g
X Grid End | 30 ‘ r~ [life79.dt1
Y Grid Start [.2 — [~ liget10.6t1
C__Hepse — ibeT11 801
Y Grid End [ 52 ne e l' .
Grid Cell Size [T Help GPS | g ] e
md r— |lige713 at1
Search Type :
o val [~ | lige14 dt1
X-Search Radius g — iheri5 e
Y-Search Radius [ g al ] - ihe716 6t1
Blanking Radius [ g e717 dt1
Stagger Length | 1 m]  lne7i8.0t1
T TErsE U @ Krigging [~ Jret18.0t
Smoothing [ 2 Range[72 [~ fine720.6t1
Factor '
line 721 6t1
Nugget[ 2 W
si[ 73 I~ f line722 dt1
= 1 line723.6t1
23 low pass & line724 dt1 v line724 dt1
3x3 boxcar subtract = 7
Filter Type (33 high pass ¥ [ |line725 1
Append Identifier || N
gain [ Start 20 Fiering The radargrams in this
Fiter Length [T range were manually
Serax Thveshold [T checked off to account
for no apparent
%min Threshold M .
i | staggering up until
x=12m

Note: One must be careful if they are using multiple information files for
a project and to make sure that the active info.rev file corresponds to the
xyz *.dat files which are going to be gridded. There is a button option in
the Reverse menu called "Save Edits" to allow the user to click on files to
reverse and then save to the universal info.rev file without actually
running the reverse process. This may be necessary to use when
multiple information files and subgrids exist in a project folder and then
one decides to re-run grid creations with staggering.
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Tunnel and Cylindrical Warping

GPR-SLICE has options to “warp” 3D volumes into cylinders or
tunnels. Cylindrical warping is useful for examining radar data collected
on timber or pillars. Tunnel warping is useful for showing radar surveys
made on the inside or outside surfaces of tunnels or in mines.

To implement these new imaging features the user will proceed in the
normal method to create a 3D dataset. For cylindrical or tunnel surveys,
the axis of the cylinder or the tunnel should be along the x axis. After the
rectangular 3D volume is created, the user then enters the 3D Volume
menu and can choose the "Cylinder Warp" or the "Tunnel Warp" menu.
A new volume which will append the word "cylinder" or “tunnel” to the
volume name. This example was made for a start angle of 150 degrees
(1'oclock) and an actual ending angle of -230 degrees (12 o’clock). To
make a solid volume warp with 360 degrees, there is one imaging “trick”
that one can apply: Add the first profile onto the end of the information
file and then for this example, change the ending angle to -260 which
corresponds to +60. This will help to smooth out the warped volume and
better match the connected edges (as shown in the following figure).

® GPR-SLICE:  Ground Penetrating Radar Imaging Software: tunnel check

File Reverse Navigation Slice Grid Pixel Radar 3dvolume Filter Static Animation Help

project | folder illuns select 3d file

volume cylinder warp
volume tunnel warp

nelpset focus ceut }7 calor| up [n0 | an| xim
[, tansp - — verim | hlzn net

convert/extract 3d binary to xyzg ascii
convert/extract 3d binary to xyzirgb ascii

| psp- | psp+| It

convert/extract 3d binary to xyn trace ascii s|r H LID10007.t

extract 3d volume xyz planes to 2d *.grd format
reconfigure xyz to xzy

gric2a [GPshypit ~| stat \ expm 3D
e

O]

vector volume rotation/translation/addition
info.dat @ profile name division
infol1-tunnel.dat
infotdat I3 1 [ 11010001 utl OpenGL Volume 0 r
2 |LID10002.dt OpenGL Volume + draw 2 r
info?.dat 3 [LD10003 &t 1 r
save edits 4 |LID10004.0t OpenGL Volume xyz-2d 3 r
shiftx0 | shiftx1 | name + 5 |LID10005.4t OpenGL Volume xyz-2d + draw 3 r
153 "shifty0 | shiftyt | _name- 6 [LID70006.at o 153, 0. 10 r
SR || CEstd || e 7 [LiD10007 ot c [o 153 12 12 r
timesyd | timesyl | delete
-
il | append ohr| del i s [LiD10008.at 0 153 4. 14 r
f Gel channels 9 [LiD10009.0t c Jo 153. 16. 16 r
10 [LD10010.0t cJo 153. 18. 18 r
11 [LiDtoottat o Jo 153 20 20 r
12 [LID10012.0t c|o 153 22 22 r
DS get DS getts
2= g 3f[uptooorat | c Jo 153. 24, 24, m
14 =
@ ascii 15
 unicode IDS geox 16 angstart | 450 tunnel survey: inside
nmea to utm 1DS gec 17 angend [21p. tunnel survey: aulside
nmeato nav IDS Sstamp utm 18 1
brwse x0x1y0y1 | IDS Sstamp nav 4 inside radius incells [121  =7gpg =4.13m
19
xzto nav 3Dinputvolume  [tunnelHa3d.dat 3D outputvolume |tunnerunnel-a3d.da 180° tunnel
gps get list 20 |
Tt 2 [ VolumeSizeX¥Z [306x2221222 Volume Size XYZ [ 306x 444x 444 radius
gps getyaw show gps file 2| XShr 0 Xom 0
Ang, X, ¥ XY to Vector = XEnd 153 X1m 153
24
o ~ YShn 0 Y0-ns/m 0.0
unit/marker | 1 25
time window (ns} [ 60.12 Y End 7583652615 Yinsim 2686.18M5.17+Tradiuz velocity=0.108 mins
samples/scan [ 512 next> | <prev
zstatns 0. 20-nsim 0.0
ZEngns  [143.09 Z1-nsim 286.18M5.17+Tradius
Data Min 0 Data Min 0
Data Max 255 DataMax | 285
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The data in this example is simulated for data collected along the axis
of the tunnel. The possibility of collecting data along the circumference
is also easily implementable - in all cases the x axis is the axis along the
tunnel or cylinder. One would enter data taken along the circumference
as radargrams in y with constant x0,x1 starting and ending locations;
radargrams parallel to the cylinder axis, would be entered as radargrams
in x with constant yO,yl starting and ending locations. The
circumference would be the length in the profiles for y profiles, e.g.
2*(3.1415926535)*RADIUS; along the x axis, the profile length is simply
the length of the tunnel or the cylinder. The separation in the profiles
parallel to the cylinder axis should be set by their distance measured on
the outside circumference of the cylinder.

Zig-Zag Information Files - No Reverse Menu Operations

In the creation of the profile information file one is always required
to insert line start and endpoints. If one uses the Reverse menu, then all
the radargram start and end points in the information file are typed in as
though the radargrams were collected in the forward direction. The
reversing process in the Reverse menu flips the binary radargrams in the
\radar\ folder and effectively makes the radargrams look like they were
recorded in the forward direction.

The possibility also exists for the user to avoid using the Reverse
menu and to write the information file with the actual start and end
points of the surveying. The Reverse menu should be skipped for
information files inputted with reverse information.

An example of an information file with reverse lines identified with x1
ranges less than x0 is shown in the next diagram. In this zig-zag survey
done parallel to the x axis of the grid, every other line is recorded as
going from 10 to Om. There is also a quick button that one can use
called “rev file” which will read the reverse files clicked on in the Reverse
menu and will interchange the start and end points in the information file
in the Edit Info File menu. So, one can create a rectangular grid and then
reverse all the information using what is stored in the Reverse menu.
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® Edit Information File: \treasure\info.dat - o x
info-rotate-v.dat ~ profile name X0 x1 0 1 division
info-rotate.dat
v 1 |37RD41.DT1 c fo. 0. 0. 10. r
2 |a7RD42.0T1 « |os 05 10. 0. r
info.dat
Jinfo.da 3 [37rRD420T1 c 4 1 0. 10 r
save edits_ | 4 | 37RD44.DT1 « [15 15 10. 0. r
shiftx0 | shiftx1 | name+ 5 | 37RD45.0T1 e [2 2 0. 10 -
30 “shiftyo | shifty1 | name- & [37RD46.0T1 ~ [z25 25 10, 0. r
MEETD || e ||| e 7 [37RD47DT1 c[3 3 0. 10 r
times y0 times y1 delete
37TRD48.DT1 - |35 35 10. 0.
rotate append chr del MNth E r
o del channels 9 |37RD49.0T1 c [a 4 0. 10 r
10 [27RD50.DTH ~ [45 45 10. 0. r
Ssgetyy | sSgetts | 11 [37RD51.DT1 c [s 5. 0. 10 r
55 to utm | 12 | 37RD52.0T1 |55 55 10. 0. -
S5 to nav | 13 | 37RD53.DT1 |6 f 0 10. r
14 [37RD54.DTH ~ [65 85 10. 0. r
& ascii 15 |37RD55.DT1 c |7 7 0. 10 r
¢ unicode 16 [37RDS6.0T1 |75 75 10. 0. r
mealtoluim 17 [37RD57.0T1 e [s B 0. 10 r
nmea to nav
—_—— 37RD58.DT1 |85 85 10. 0.
brwse x0x1y0y1 E r
SEDE 19 [37RD59.DT1 c [ 9 0. 10 r
gps getlist 20 |3TRDGB0.DT1 |95 95 10. 0. —
Il to utm 21 [ r
gps get yaw show gps file | 20 - r
23 el
Ang, X, Y, XY to Vector | r
_ 24 e r
. L{mb‘marker 1 25 - r
time window (ns) | 80
samples/scan [ 200 next- | <prev | sortr | ®Wtoxl | sorix x==y sorty 0 g
resampled scansimark [ 20 %1 ta y0
) ) del odd —
binary ¢ & bit e ee |
resol. & 1gpit ¢ 32bit —_—
recover
X ~ _
Survey type:
adjust to single marker @ l 0
ang v_|

Note 1: Radargrams displays in the Radar 2D menu will appear reversed
in the display with axis labeling going from higher to lower values.

Note2: The user should be careful in using the reverse information file
designation. This potential for some to get confused and believe they
need to write the profile information file with reverse information, and
then also to run the Reverse process as well - this would be a mistake!
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The ANG survey definition

© Edit Information File:
W profile name x0 x1 Vo v
infoedit dat 137rda dtl 3 a1 3 3
137142 dtl 23 52 5
info.dat 137rd43 dtl 5 38 37
Save Edits_| 37rdd gt I . 2.

shift X | | Name + r37rd45.dt1 55. 33 ry
0 shift ¥ || Name - & [r37rd46.dt1 3. 18 33

LELLASIIECSY O Profile Map:  treasure

Multiply Y| | Delete
total survey length=200.59m

wl o] &) =] e

[ B NN
b

alelis R lie N
e

~N

SS get XY SS get TS
MALA get XY | MALA get TS
GSSlget XY | GSSIgetTS [ e —
UTM get XY | SEGY get TS

IDS get XY IDS get TS i L
US Radar XY | US Radar TS 5. -
3D Radar XY | 3D Radar TS ] [

SStoUTM | GPS get List ] [

S5 to NAV 10. =
MALAto UTM | Array to NAY ] L
MALA to NAV | Mala2 to UTM
GSSI to UTM | Ozzie to UTM
GSSI to NAV | NMEA to UTM
Mira to NAV

Ang, X, Y, XY to Vector

Unit/Marker | {
Time Window ns [ 129
Samples/Scan [ 325 25. 7]

Resampled Scans/Mark [ 32

Resampled Resolution (~ 8 bit
® 16 bit 30.

Suneytype: [y s
ang [~ |

35. i
T
55. 50. 45, 40. 35. 30. 25. 20. 15. 10. 5. o.m

Angular line surveys can be created and processed just as regular
surveys. An example of an information file designated as an ANG file
and the corresponding grid plot is shown in the above diagram. The only
detail that is slightly different from ANG surveys compared to an X, y or
xy survey is that the line length may be a fractional length. In this
instance, GPR-SLICE will compute tagged markers across the radargram
to a rounded up number of markers. For instance, a 10.43 meter length
radargram, will have 12 tags placed across the radargram - 1 at the
beginning plus 11 more tags equally placed across the radargram. All
angular lines which are of fractional length will have the rounded up
integer lengths for the line plus one extra marker for the beginning.
The markers are actually not placed at integral locations. The marker
tags are needed for the binning process in creating time slices as well as
defining navigation. X, Y or XY surveys which have fractional line lengths
are actually treated similar in generating tagged scans. The only display
issue from fractional line lengths are that native x axis labeling will not
normally show integral labeling unless a marker tag “override” flag is
engaged. An extended discussion of the implications for ANG surveys or
even X,Y or XY that have fractional line lengths is given in the next
section.
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User defined labeling - scan header labeling override for ANG or
other surveys

GPR-SLICE has traditionally only outputted labeling on 2D radargrams
that comes from the scan headers where navigation tags are stored in the
2nd sample of the digitized pulse. This has been a double check on
navigation - as only tagged scans can force a label in the radargram
displays. Even if a radargram is defined as some length in the info.dat
file and there are no navigation tags in the radargram scan header that
were applied through the Navigation Menu, no labels will appear on
displays. For ANG surveys, where there can be fractional line lengths,
the navigation tags may not be at integral lengths in the radargrams.
Navigation tags for ANG surveys can be at non-integral lengths. The
reason for this is in the process of creating time slices and a need to
properly include and equal weight all portions of the radargram in the
time slice binning process, tags are set at non-integral locations. For
instance, a 10.0 meter radargram, would get tagged with 11 navigation
tags but a 10.43 meter radargram for would get 12 navigation
tags (including the scan #1). The user would be able to break down the
12 tags in the radargram with the Cut Per Mark option to generate
additionally smaller bins for time slice operations. With that said,
because of the non-integral location that can occur with ANG survey for
the tagged scans, on displays, the labeling will show at fractional
numbers. This also requires that the # of decimals in the x axis display
be set to something other than 0. Several users complained that they
could not get out equidistantly labels at a desired graphic increment. For
this reason, an old option that was taken out of the software has been re-
instated (Figure 6). The Big Tick frequency, if set to a negative value in
the Options menu, will override the scan header navigation - and provide
a completely graphical labeling where the user can control the interval
between labels.

An example of a traditional scan header labeling for an ANG survey
line that is 10.43 m and what can be achieved with a negative Big Tick
frequency option is shown in the following figure. In the traditional ANG
survey, the labels have fractions in them. With the override engaged the
user can achieve any integral display on the tick labeling. The tick
labeling interval can also be sub-integral if desired by clicking off the Auto
marker labeling checkbox in the Options menu.

Note: Scan marker override option is only available for X, Y, XY or ANG
surveys and is not applicable or available for GPS surveys.
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[©) Edit Information File: \treasure\info.dat - ol

info-rotate dat ~ profile name x0 x1 y0 yi division

nfo.dat
infoa dat M 37RD55.DT1 10.43 r
37RDS6.0T1 10.55 r
r
r

e
aacEt 37RD57 OT1 1024
save edits 37RD58 DT1

shift x0 | shiftx1 | name +
-45 shmyt){shityt name -
timesx0 | times x1 insert
times y0 | times y1 delete
rotate

R 09 i R
@©
©
o|leleole

N

\bandpass\37RD55 x=7.m

SSgetxy | SSgetts |
SSto utm 4
SS to nav

depth (ns)

NMEA to utm
NMEA to nav
_brwse x0x1y0y1
xyz to nav
GPS get list 7 521
LLto UTM eastings (m)

GP! get y: . Radalglallls. treasur —, 4
'S get yaw sure

6.26

Ang, X, Y, XY to Vector |
‘ unit/marker | 1
| time window ns | 80
samples/scan | 200
resampled scans/mark [ 20

resampled resol. C 8bit@® 16 bit

ikl T—

depth (ns)

5
eastings (m)

time slice colors| HAI Edit X Screen size
radargram colors| 1

isosurface colors| 8 [~ shaded relief
horizon colors| 46 [ reverse colors menu font size

Contours ¢ Xform
C linear
 custom

 only
@® off

[f920
1080
[9_
RangeAxis @ m  cm ¢ km font weight 16 cor:o:::::szse) l4—
l_
[oack =]

y screen size

" latlong Cf Cyd Cm !

font width
C latlongdec C in ¢ mm C off oat 18 pen width 1
font color | plac

fick spacing _ [7—— © of R —
bigtickfreq. | -1 g backgrmd color  [white + | north arrow | off -
- btick for marker overide gnd nodes
OpenGL font snze[T e
labelfreq. | 1 = ’ size% [ 100
#of decimals [ 2 [ polar labeling TSPoints font size{ g angledeg. [ 170
Xiabel [eacir: ‘® 2side labels MRS
easting: X OpenGL font tit [~ x location pixels | 0
Yiabel [northing . 4 Side labels y location pixels [0

Assisted Auto-Hyperbola Detection and Mapping (Bridgedecks)

GPR-SLICE now has options to automatically detect hyperbolas and to
output these detected hyperbolas for mapping. These options were
developed at the request of companies involved in infrastructure
evaluation. Evaluation of bridge decks or sites constructed with rebar or
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reinforcements can be assisted with GPR surveying. For these surveys, a
method to quickly discover the XYZ location as well as the amplitudes of
the reflection are needed for evaluation purposes. (Amplitude reporting
can be used in advanced empirical theories to estimate weathering and
deterioration of structures).

Two primary search methods are available:

Method 1: 3-point threshold detection - vertical and horizontal
directions
Method 2: 5-point threshold detection - vertical or horizontal
directions

(The preferred algorithm is the 3-point detection which has been found to
perform better than 5-point original detection operation of looking along
the entire hyperbola.)

3 & 5 Point Auto Hyperbola/Anomaly Detection

The first hyperbola detection algorithm provided in GPR-SLICE
involved searching all the points along the hyperbola and counting the
number of samples that breached a user defined threshold. This
algorithm, although founded in good “science” did not provide for
hyperbola detection in the case of variable velocities or noisy datasets so
well.  3-point and 5-point search was implemented and improved
detection and was placed in the menu some time later. On further
testing, a simple 3 point search is found to work even better than a 5
point search. To run the 3 point search the button 3 point horizontal or
3 point vertical is clicked on and the aperture width is adjusted such that
the middle point and the two adjacent 2" and 3 points are on a different
+/- legs of the hyperbola (see the following screen shot). The plus
minus legs can be in the horizontal or vertical direction depending on
which operation is pressed and desired. Left clicking the 3 point
detection in the desired location will get the amplitudes and the x,y
sample locations for each point. This information will be filled out in the
dx1, dyl and aN slots in the menu. (The 4t and 5t points will be set to
the first point values which will institute a 3 point search; a 5-point
search will have all independent values and sample x,y locations). An
example detection for rebar on a bridge deck is shown:
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Note: Auto hyperbola and anomaly detection capabilities requires the
GPR-SLICE bridgedeck license and is not available for standard licenses.

To implement the search algorithm, several additional settings are
required:

N1 - The top sample in the scan to begin searching.
N2 - The bottom sample in the scan to end searching.

N Skip - the number of scans to skip in the radargram after detection is
made, to begin a new search.

N Search - the number of sample points on the digitized pulse or scans
to search around the detected point to find the largest peak response on
the hyperbola

N Backup - the number of samples to place the detection above the
located binary values set, allowing the user to detect the peak response
of the hyperbolas but then reposition the detection at the weaker first
arrival amplitudes from the rebar or anomaly to be detected

The options in the menu allow for using the peak+ or the peak-
response of the scan pulse. In addition, cosmetic options to show or not
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show the hyperbola tails beyond the N-threshold range is available in the

menu, along with scrolling options to target just a portion of the
radargram are available.

Note: The search algorithm is not perfectly perfected nor will it ever be.
Most sites require some user editing of automatic hyperbola search
tabulations. Also, it should be noted that the search algorithm is very
sensitive to the threshold settings as well as the number of scans that
have to breached with the threshold before getting detected. The user is
advised to “play around” with differing combinations of these setting to
get the best desired results from automatic detection for method 1. This
may involve actually adjusting the amplitude thresholds in the slots by

hand to reduce/increase them as well as the location of detection on top
of the radargram.

Compilation of rebar deterioration maps

The peak amplitude responses of the hyperbola from rebar are
important for estimating deterioration of concrete and rebar (for bridge
deck). As a further development of auto hyperbola mapping and bridge
deck analysis, the detected hyperbola amplitudes can get compiled and
gridded in GPR-SLICE. Shown in the next menu screenshot is the
gridded hyperbola amplitude using Compile Hyp Amp button in the
Hyperbola Search menu, followed by gridding in the Grid menu:

O} Hyperbola Search: \alex_rebar\
LI010001.dt | new| xpixels Ngps start| 0 radius,m = | 0 auto search | n1| 50 threshold |-1000 a1 [0 dyt [0 al [-15214 auto search2
\velocity @ constant ypixels [ 350  Ngpsend | 8377 TxRm= [0 batch search | n2[ 100 N-threshold | 10 dx2 [5 dy2 [0 a2 [-2450 batch search2
model ¢ block reset resize/redraw scroll_| migrator width Ons sample | 3 importhyp | vi| 09 N-skip 22 dx3 [5 dy3 [0 a3 -2796 help 5 pt
ot selc pone Zcaine | JED . Em fE N D
. - dv S-backu dx5 [9 dy5 a5 show tails
compile hyp ampﬂ hyp1.dat XX terminate batch XX g B 0 9 Y 0 e L
lme 0.2ns radius of object = 0.01 time window = 7ns
96.06ft  migrator scan width =8 0 ns offset = 3
depm m= 001 dielectric = 882 effective time window = 6.9ns
velocity m/ns = 0.101 sample = 210
velocity m/ns binary =
0 051 152 253 Ihyperbola-2\resample\54107070002.dzt
Ons - = L - 0m Ons
1 10.05
2 0.1
3 03 /\; \ml' “/"‘.'A/ A ;'uvt "‘uA‘ n' 25.
4 02 MAN .J,M»Mph J »M\A. AARAA R UA
5 L0.25 1 uw. Af MAr'\A ,A aAAAAN) e
6 03 : 6 20.
7 T —T—T—+0.35 -7
0 051 152 253 95 100 105 110 115 120
15. 7} [
& Hyperbola Search Results: hyperbola-2 H[=]E3
deet | nser | adust | “rsercd hyperbola b
n xf tns zR_vmins amp a-adjusted hyperbola
1, 9603, 1027, 0052, 0101, 3444 -
2, 9662, 1027, 0052, 0101, 3856 10. 7 -
3 9729, 1081, 0055, 0.101, 3237 -
4, 9762, 1108, 0056, 0.101, 8509 ) . -
5, 9812, 1216, 0061, 0101, 11191 Tl i
o 012, fi2t6, 0481, 0401, 11318 Peak hyperbola amplitude mapping
7, 9929, 127, 0064, 0.101, 7990 ‘
8 s819, 1513, 0076, 0101, 17918 S .
10029, 1243, 0063, 0101, 9555
To. 0070, T2, 0081, [0.101, 7602
11, 101.38, 1378, 007, 0.101, 23825
12, 10188, 1459, 0074, 0101, 21436
13, 10232, 1432, 0072, 0.101, 15155 0. 1
14, 10288, 1513, 0076, 0.101, 23844 " om 5
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Removing Shielding Noise

A specialized noise has been identified in GPR radargrams that we
can best describe as “shielding line noise” (see the following diagram
designated as “all lines”). Very often zig-zag surveys will show
alternately strong weak overall recorded reflections between adjacent
lines. This may be a result of some external and directional outside
microwave source which may affect the overall recorded reflections. It
may also be a result of some change in the configuration, perhaps the
location of cables or some other field setup that changes slightly between
forward and reverse lines. Whichever the case, such effects should not
be in the raw radargrams unless the antenna is not perfectly shielded.
We know that perfect shielding is not possible - thus this newly identified
noise has been called shielding line noise.

There are useful processing steps to remove this noise. One of the best
ways to do this is to create 2 separate grid maps of forward and reverse
lines and the do grid math to add these time slice maps separately. The
general operational steps are:

1) create infol.dat which are the forward lines

2) create time slices of just the forward lines

3) create info2.dat which are the reverse lines

4) create time slice of just the reverse lines

5) go to the Grid menu and use Grid Math to add the 2 time slices
together

The time slices can be added with constant to try and match the overall
reflection strengths between the forward and reverse lines. An example
of applying these operations to a Mala Geoscience dataset that exhibited
the shielding line noise is shown in the following diagram (data courtesy
of Geoview, Florida). The individual forward and reverse time slices, the
original time slice, and the time slice computed by adding the forward
and reverse grid together indicates that this line noise has been
effectively removed. One artifact of applying these filtering processes is
that the resulting reflections anomalies look a touch more smoothed out
than on the original time slice map. Nonetheless, the line noises
associated with shielding problems have almost been completely
eliminated.
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OTime Slices: geoview
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Super Fine Time Slicing

We have discussed in the 2D Quickstart section an effective way of
generating time slices as well as interpolating between time slices. For
many applications, these data processes will suffice for solving many
subsurface problems. There are those that may not find the process of
interpolation appropriate for GPR data and do not want to recreate or
estimate any data between depth slices. In addition, these GPR users
may find the time slice thicknesses that are recommended, such as 1-2
pulse wavelengths to be too large. Another point that these users may
disdain is the normalization process that is a byproduct of interpolating
time slices. Remember, the interpolation process will create interpolated
time slices which are normalized to 8 bit following the color changes
between different levels and not actual reflection values.

Well, for users that want to explore GPR data in its full glory without
any interpolation or without any normalization, the following data
processing steps are recommend:

1) Do all the regular steps through slice/resample operations.

2) Compute the Hilbert Transform of the resampled radargrams or of any
processed radargram to be used in slicing.

3) Slice/resample the Hilbert Transform folder using a very thin sample
thickness (of 1 or perhaps 3-5 without too much loss of depth
resolution). The number of slices one can make can be as much as
the number of sample/scan (up to a limit of 1024 slices). It is
recommended that the number of slices be kept under 200 though
because of memory requirements may get exceeded if one will be
compiling 3D binary volumes.

4) Display and process the (multitude of thin) time slices in the Grid or
Pixel menu as desired.

The Hilbert Transform is recommended since this will give one the pulse
envelope (or energy when the squared amplitude of it is taken). Applying
the Hilbert Transform will eliminate phase components of the radar pulse
which we believe distracts from making using time slice images that show
continuity in strong and weak areas of reflectivity.

If these (raw) time slices that are not interpolated are compiled
directly to a 3D binary file, this binary file will more or less emulate the
exact reflections energy in the recorded radar pulses versus depth. One
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situation which can occur with these absolute amplitude 3D volumes (or
2D time slices) as well is flexibility and dynamic range in applying color
transforms may be lost since some strong reflections may completely
dominate the data spectrum.
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Concatenating Two or More Grids Collected with Different Time
Windows

GPR-SLICE can be used to make comprehensive time slice maps when
several grids to a large survey were collected with a different time
window then other grids. To merge these data together into a
single ASCII time slice dataset to be gridded the following steps can be
implemented:

1. Create infol.dat containing the names of all the radargrams that
were collected at the same time window. Go all the way to
slice/resample, choosing the slicing thicknesses, number of slices
and locations you like.

2. Create info2.dat containing the names of all the radargrams at the
other time window used in the survey. Go all the way to
slice/resample, choosing the slicing thicknesses, number of slices
and locations to be identicalto those used in
processing infol.dat files. In general you will be reducing the
end sample and the thickness in samples to get a similar match to
the slicing windows for the radargrams data collected with
shallower time window.

3. Create a comprehensive infol2.dat with the all the profiles for both
recording time windows

4. Skip right to the slice/resample menu and click XYZ!!

Step #4 will make comprehensive time slice ASCII files for gridding which
contain the equivalent time windows from each of the two datasets. The
reason this can be done in GPR-SLICE is that the slice/resample operation
simply stores the time slice parameters for each line in the (transparent)
subfolder called \sqwave\ which exists for every project. The XYZ
process simple collects all this information and merges it with the
navigation described in the information file. As long as both information
files are processed with exactly the same number of slices and the
same number of bins per mark, the merging of the 2 time windows
can be done. The settings in the slice/resample button must also not
have changed before the XYZ compilation button is clicked.

Appending of maps with different time windows can also be done in the

Pixel Map menu where the different grids with different time windows are
processed independently and then Append operations are run.
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Data compiled from two or more different time windows will most likely
have some amount of mosaic noises that need to be removed. This can
be handled very effectively in GPR-SLICE using several methods, the best
of which is a little more time consuming and involves using transform
matching options for concatenating and matching the grids (this has a
pretty good write up in the manual).
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Extracting Individual X or Y or Z Planes from the 3D Volume to 2D
Grid Files

© GPR-SLICE:  Ground Penetrating Radar Imaging Software:  \kisatchie\concrete\

File Reverse Navigation Slice Grid Pixel Radar | 3D volume Filter Static Animation Help
project | folder o6t _ = select 3d file
c borehole
cylinder warp
tunnel warp
convert/extract 3D binary to xyzg ASCII
convert/extract 3D binary to xyzgirgb ASCII
convert/extract 3D binary to xyn trace ASCIL

extract 3D volume XYZ planes to 2D *.grd format

Open GL Volume

Open GL Volume + draw

Open GL Volume xyz-2D

Open GL Volume xyz-2D + draw

2 3D Dataset Conversion: \kisatchie\conc — ol x|
3D Volume Ix+y3d.dat extract to ez-llx+y3d* grd |
extract to ex-llx+y3d™.grd |
Volume Size XYZ | 192x 96x 93
extract to ey-llx+y3d*.grd |
X Start 0
X End 48
Y Start 0
Y End 24
Z Start,ns 0.
ZEnd,ns 558
Data Min 0

Data Max 255

X, Y or Z planes can be extracted to individual 2D grid files using
options in the 3D Volume pulldown on the main menu. Clicking the
Extract 3D Volume XYZ planned to 2d *.grd format will open up a menu
allowing the user to click any plane to be extracted. The extracted
planes will be appended with ex-, ey, or ez- depending on the desired
direction.
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3D Volume (XYZ, XYZIRGB, XYN trace) Export

GPR-SLICE v7 provides 3 different ASCII formats for export of the
3D volume generated in the Software:

e XYZG is a comma delimited ASCII file with x,y,z, and the
value of the radar refection or squared amplitude or whatever
volume element was compiled.

e XYZIRGB is a 7 column ASCII export format with x, y, z the
location in 3D space, I the intensity of the radar reflection
recorded in the volume, and RGB are the colors from the
current active color table for the display of the 3D volume.
This option complements the simpler XYZG ASCII format,
where G is equal to I and is the intensity of the recorded
reflection at the given XYZ point. This format is useful for
users involved in combining GPR-SLICE 3D volume images
with Laser Scanning software. (Note: Z is made negative
going down).

e XYN Trace is an ASCII export where the vertical cells in each
location are written consecutively. When a pulse volume is
generated, XYN Trace represents individual traces along the
volume written one after another. If the Z cell size is 200 for
instance, then each line of the file will be x1,y1,Tracel...200
followed by x2,y2,Trace2...200.

An example of a laser scanning image merged with a GPR-SLICE
volume is provided by James Clay of Land Air Surveying, and Dr. Kent
Schneider, US Forest Service shown in the next screen shot. The image
was merged with point cloud software Cyclone which read the XYZIRGB
export file.
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Radargram Differencing

The radargram differencing option in GPR-SLICE has been improved to
look at any two folders. The folder can be a processed folder or raw
(\radar\) folder to compute the difference between radargrams. The
input directory folder and the list of folders next to the Rad1-Rad2 button
should be selected before running the operation. The radargrams must
have exactly the same number of traces as well as the same
samples/scan. The output from radargram differencing is written to the
\work\ folder. Radargram differencing is an important operation to
examine 4D measurements over the same profile and can indicate areas
that have changed in time. Radargram differencing is also useful to
see just the noise content that is being removed from the chosen filtering
process. An example of differencing a raw radargram with a
background filtered radargram is shown:
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migratel input directory ,T
velochty model [profile == fro
dielectric 59 rh
vel mins [0 087  [\resample\ (@ |37RD41.DT1
width [57 C e " |37RD42.DT1
gan [5 © [\migrate\ « [37Ro43 D71
SEEDEE | NE Clwibet [37RD44DTI
sample end [ 200
" [\boxcar\ (" | 37RD45.DT1
|{\_,M::\mde (" [\bandpass\ (" |37RD46.DT1
 absolte (" phase  [\topot ¢ [37RD47.0T1
Vfiterl  autoset [v " [wregaint (" |37RD48.DT1
9l - length [3900(  [\decona " |37TRD49.0T1
sample start[ 3 Cledtt  ( [37RD50.0T1
. sample en; [200 backgmnd Clwo [37R051DT1
@ line-byine (" channel
C gﬂd‘gwﬂd by-channel starting | 1 ® |y
¢ [37RD53.0T1
\boxcar\ boxcar # of radargrams |T  [37RoBa0T1
n::::: |1_ [ processing graphics |~ [37RD85.DT1
|\bandpass\ bandpas: ((::l:zf::ze ®||TFEIEmT
lopassMHz  [553 ¢ [37RD57.0T1
hipass-MHz [ 124  [37RD58.0T1
whiten/gain ~_Spectra | whiten ¢ [37RD59.0T1
[0  [37Ro60.0T1
()
| wregaint regain -
P
|\decom .
deconv gain [ 100 c
impulse
[\deconi fk filter

depth (cm)

depth {cm)

depth {cm)

\radar\37RD65  x=7 m

0

0 1 2
work\37RD55  x=7.m

(su) s

(su) s

(su) swp
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Vector Imaging

Figure Graduate student Michelle Mellon of McMaster University under the
direction of Dr. Joe Boyce in the Geology/Geophysics Dept, is shown
surveying a site with an accelerometer device that measures yaw, pitch
and roll of the GPR antenna. The survey is being conducted to evaluate
the biomass volume at the site.

GPR-SLICE is equipped to handle complete random antenna
navigation in 3D space considering both the xyz location as well as the
antenna orientation.  GPR-SLICE can display a GPR radargram in any
position and orientation in 3D space and from any possible geometry or
path that an antenna is used to survey. Showing radargrams collected
along a tunnel, along a meandering tunnel, on the surfaces of walls or
even non-rectangular surfaces is all possible. Any orientation is possible!!
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The navigation formats for doing what we have termed “Vector
Imaging” - to distinguish it from other imaging where the antenna
orientation in 3D space is not considered, is already provided for in the
expanded *.*.gps. The geometric description is shown below:

Transformation of a sample on the digitized pulse located in
Xyz space after vector adjustments

Z
x0,y0,z0
nx,ny,nz
x1,y1,z1
X y
x0,y0,z1 - starting scan sample location in xyz

(columns 1,2, and 3 in the *.*.gps files

nx,ny,nz - (unit)vector in the direction to project the GPR scan
columns 9. 10 and 11 in the *.*.gps files

. 2 2 2
nxyz - magnitude |n| =sqr( NX+nNy+nz’)

x1,y1,z1 - scan sample location after vector transformation

X1 =x0* nx/ nxyz
y1=y0 * ny/ nxyz
z1=20* nz/ nxyz

The *.*.gps files are the most generalized formats available, when
using the 9%, 10% and 11% columns of these navigation files which hold
the antenna orientation in 3D space. The antenna orientation is entered
as a vector normal (rather than the roll, pitch, yaw). The vector normal
is the direction the GPR scan has in 3D space as x, y and z corresponding
to the 9-11t columns of the *.*.gps file. The vector normal does not
necessarily have to be a unit vector as unit vector normalization is done
within the software.
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Roll/Pitch/Yaw included in Generating 3D Volumes (for
Multichannel Licenses)

In the future, roll, pitch and yaw measurements may start to become
standard field procedures for some surveys where extra precision is
needed for example in utility mapping. There are currently no standards
on the recording formats as the manufacturers have yet to incorporate
these measurements into their control units and to monitor the
orientation/attitude of the surveying antenna. Several organizations are
independently recording these values externally and need to include
these measurements in the analysis. Recently, a flexible import
operation of roll, pitch and yaw were modified and generalized to read
either individual files associated with each recorded radargram, or to read
a single global file (screen shot below). For surveys with specified
individual files for each recorded radargram, the GPS Get Yaw button has
flexible reading of a comma delimited file specifying the roll/pitch/yaw
columns to be imported. For surveys where just a single - global
roll/pitch/yaw file is recorded, the NMEA time is searched in this global
file and the bordering NMEA time in the *.*.gps files is compared and
appropriate interpolation between these times is used in the import.
Flexible degree or radian import can be used to import the external
custom file.

Edit Information File: \leica_stream\infochannelsedit.dat - O
infobak.dat ~ profile name x offset y offset zoffset  GPS/NAV  division
infochannels dat
infochannelsedit dat v 1 [LI010001 dt |06 [0 [o [28 r
2 [ 1020001 dt c [o2 [0 [o [28] r
i £
Infochannelsedi.dat 3 (11030007 at r T2 o lo 28, r
save edits Customized Navigation File Import: leica_stream - B I
shift x0 | shift x1 | name + r
-1 shift y0| shift y1 | name - skip N header lines 1 insert roll/pitch/yaw [
times x0 times x1 insert X column 0 r
times y0 | times y1 delete y column 0 r
rotate Z column 0
scan# column 0 . . . r
" rolllpitch/yaw import in radians
SRR ST 3 @ roll/pitch/yaw import in degrees u
yvec/pitch column 2 LR E = N
zveclyaw column 4 r
IDS get xy DS get s nmea t\m.e cn\umn. 1 r
gpsinav file extension txt " individual names
single pitch/rolllyaw file 4 _NMEA_slopetxt @ inclusive file browse yaw r
NMEAto utm Array fo nav [
NMEAto nav | IDS Stream Geo n
brwse x0x1y0y1 | IDS Sstamp utm *if no columns are available set to 0 —
xyztonav | IDS Sstamp nav E| puget A_NMEA _slope.txt - Notepad - 0
GPS get list fix stream nav - -
LLto UTM File Edit Format View Help
© | NMEATIME |PITCH[®-360];ROLL[©-360];YAW[0-360 J|;X;Y K
GPS get yaw 1 075814.700;1, H H H .65053;4814085,82442

2 H . H
;| 875814.950;1,00000;1.07070;109,71394;312307.49300;4814085.51496
.1 ©75815.200;1.24253;1.02950;109.64329;312308,30999;4814085.21900

©75815.450;1.39244;1.01805;109.60151;312309.10073;4814084.93404

unitmarker | 1 1 =

Ang, X, Y, XY to Vector |

time window ns [ 43 59 H B LI1300001.dt.gps - Notepad = B
samples/scan | 280 - - -
resampled scans/mark ,? File Edit Format View Help

binary " 8 bit 312318.663505329,4814083.97167114,20.6,75817,1,2,8, 1.08).01466870214,2.51023974E-2,.9995772}0,0,0,0,0,0,0,0,0 ~

resol @ 1Gbit 32 bit 312322.634185729,4814082.58481479,20.7,75818,34,2,8, 1.08§1.7909057438E-2,.025529321,.9995136}0,0,0,0,0,0,0,0,0

an ~ 312326.406593285,4814081.24466372,20.9,75819,120,2,8,1.08 §1.7074538394E-2,2.83809E-2,.9994513}0,0,0,0,0,0,0,0,0
) v

Survey type 2
< >
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In this example a single global file inclusive of the entire NMEA time
span and with roll/pitch/yaw is converted to the normalized vector and
placed into columns 9, 10 and 11 of the *.*.gps navigation files made in
GPR-SLICE. The definition used in the conversion of roll/pitch/yaw
angles to the normalized vector is by coordinate transformations:

sy = SIN(yaw(j))
cy = COS(yaw(j))

sr = SIN(roll(j))
cr = COS(roll(j))

sp = SIN(pitch(j))
cp = COS(pitch(j))

rotation around x-axis:

qy=0
qz=1
yy= qy*cr - qz*sr
zz= qz*cr + qy*sr

rotation around y-axis:

qz=zz
ax=0

Zz= qz*cp - gx*sp
xXX= gx*cp + qz*sp

rotation around z-axis:

gx=XX

qy=yy
Xx= gx*cy - qy*sy

yy= qy*cy + gx*sy
Xvec=XX

yvec=yy
zvec=zz
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To correct for the roll/pitch/yaw in compilation of 3D volumes (for
multichannel datasets), the “vector” survey definition for the information
file must be active.

A screen shot of Open GL 3D Vector Radar is shown for several
radargram collected on a burial mound. The vector display shows that
the radargrams are not on simply 2D planes display but have a 3D
projection:

focus color

U H—lu_'(a sp | xy | —.t make animatio I beta google kmz
27, |2z 1140 lite _L[ﬁ‘gi S 7 [ | H | rxdm | fradan, v | step-|step+ | bounc: re txy] rot-z I traj anim. | et l

grid2d [GPShy pit |7 fill tat | export | 2Doff [ 0| s | R [det 0059rd3 ~]z _]7 clear [ fitle | [~ Z-solid-beta

o

The key to using the most general form of vector imaging in GPR-
SLICE v7.0 is to be able to set the vector to project the GPR scan via
columns 9-11 in the *.*.gps files. GPR-SLICE currently supplies several
menus to assist the user in generating vector navigation and displaying
radargrams. Additional utility menus will be developed in GPR-SLICE as
more surveys are being done on various kinds of variable 3D surfaces. At
present the user can also modify the vector columns to supply and
geometry that they might be doing with GPR. Several menus currently
available in GPR-SLICE v7.0 are for tunnel applications and automatic
setting of the projected scan vector is provided:
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= Tunnel surveys with the radargram collected along the axis of
the tunnel
= Meandering tunnel surveys with the radargram collected
along the axis of a meandering tunnel
» Topographic surveys and automatic vector surface normals
calculation from the active topography grid file
These menus are just a subset of the possible navigation with the
generalized vector navigation format in GPR-SLICE v7.0. These
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Vector 3D volume generation from 3D vector radargrams

Finally, the union of vector radargrams is combined with vector
volumes! This has been a long desire of mine to have any radargram in
any orientation in space and to be able to generate a 3D volume from
these projected radargrams. We have in the past provided simple
features like tunnels, cylinders and topographic vector volumes. However,
the generalized operations for any vector were not available. These are
now explicitly available in GPR-SLICE!

The operations are to:

1. Generate vector navigation files in the software or import them
from other sources such as yaw pitch roll sensors etc. The vectors
can show the radargrams in any 3D spatial orientation. (An
example of some radargrams made with a twist in 3D space is
shown in the following figure).

2. The slice/resample menu is run using the XYZA-Vector compilation.
This will slice and bin the data, and then the vector position of that
bin in 3D space will be written to a 3D file called XYZA-vector.dat.
This file is 4 columns and has the xyz position along with the bin
parameter which is wusually the abs(amplitude) or squared
(amplitude) average in the bin.

] @) Slice and Resample:  fakevector - u] X

helpsetlforcu'ﬁ ccmji color| up | In0 | dn| xfm ~| ¢ psp-|psp+| K | it |dn|up b files to slice ’W .
14 [02  [3600aMP ——— x| — f—— vaim hrzn | net i (— Sorl| o= slice &
3667 |10 [31.00 lite M’E iso | X|Y ‘ z | H | rafm |[boxear -] step- | step+| bounce‘stare rotxy | rotz ‘\”D{;ﬂ?”eﬁﬂw
radar
grid2d [GPShyplt ~ stat | eport | 30 [ o[ s | R [37RD41DTI o] cear| iile [y GP o
\migratel
\hilbert\
\boxcar\

\bandpass!
frware topol slicelresample/xyz
Softwal
[iate] GPRESL’CE \regaint
of Veclorl imadl o sliceiresample

nple
Examp edil

\nmo\

o Jiie e Tie Tiie Tie - Hie Mo Hie M}

resample dir | \resamplel

: dump dir \workl
resampled scans/mark 25
# of slices ] help slices || 50% ~

thickness:samples ’T ns ’T help thick | overlap
sample: start ’T end [ 200 200
samples to Ons ’T
effective ime | 724 80 ns
bins per mark ’47 .25m
bin parameter |aps(amplitude) -]

file identifier] v #
maxodof 100~ wzOmeanine |
%min cutoft | o xyz 0-mean-grid

xyz histogram

I xyza vector 3d

N N T e T
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3. XYZA-vector.dat file is a 3D file and requires 3D interpolation. Using
the Import 3D Geophysical Data menu, the file is imported and this
initially creates a 3D binary file for viewing in OpenGL (2" figure). This
file will generally have a lot of empty 3D cells so some interpolation is
usually required. The number of cells in the XY direction and the
number of cells in the Z direction can be set independently. After
interpolation, the append identifier "int" is placed on the new gridded
volume. The 3D interpolation currently has inverse distance gridding
hardwired into the interpolation algorithm. After interpolation the
Grid menu can be used to apply additional voxel smoothing to the
volume if desired.

@) GPR-SLICE: Ground Penetrating Radar Imaging Software: vector column
File Reverse Navigation Slice Grid Pixel Radar 3d volume Filter Static Animation Help
grid

import 2d geophysical data
import 3d geophysical data

Import 3D data directly to a 3D binary volume

Browse for 3D file l

input 3D filename | C:wector column\datwvector-xyza. dat I start import I
output 3D filename l—m
3D xy # grid cells 400
3D z # grid cells IT @ relative depth ¢ absolute elevation
min spike |—07
max spike ["10000000 3D Import Interpolate All: vector column
x search-cells [5— interpolate gaps
y search-cells I 5 I interpolate all | Input File xyz-vector-3d.dat
z search-cells |—1— output File intxyz-vector-3d_dat
* Data should be comma delimited: x.y,z.d R LU
* 3D Volume smoothing filters can be run in Grid men
4% Complete

_ —

An example of a 3D volume made from vector radargrams having a
3D twist are shown in the third figure. The new operations available for
vector volume generation will allow the user for instance to show
isosurfaces made on all the separate walls in a room and show those
isosurfaces simultaneously in the same volume! Any visualization
defined by the vector radargrams can now be interpolated in 3D to create
a solid 3D volume of that vector space!
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] GPR-SLICE - Open GL Volume Display: lintxyza-vector-3d

helpset UFCUS caut f——— color‘ up‘ In0 | dn ‘ xfm l—j i psp- | psp+| It ‘ t | dn ‘ up | bmp‘ ipg ”cc—\denrﬁer
[1416 [024 |-35.0tansp J x| —J v-xfm hrzn | net‘ ~[— s\ow| fast ‘ make animation | beta goog
3657 [984 [31.0¢ fite @’E iso | X|Y ‘ z | H ‘ r-xfm |‘.b0xcar\ j —‘ step-|step+| bounce | 5t0re| rot-xy‘ rot-z  traj anim. | set

grid2d | GPSixyplt - stat export 3D O|S|R |3?RD52.DT1

~ p————— dlear| lile |; GPRSLICE Software " Z-solid

Example of Vector imaging GPR-SLICE Software
zscan=9 =-26.96m

e —
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Vector Longitudinal Tunnel Survey

The steps to generate longitudinal tunnel navigation are outlined in the
Vector Longitudinal Tunnel Warping menu and are also provided here as
well:

@) Create Information File: longitudinal - o x
filename info_dat Cl'eate profile name x0 x1 y0 yi
# of files 5 info 37rd53.dt1 0. 0. 0. 10.
file identifier | 37rd 37rd54._dt1 0. 0. 0. 10.
-a_ 000
(eg- 2.000) © dzt & dt1 C rd3 ¢ gpr  custom 37rd55.dt1 0 0. 0. 10.
ending identifier ¢ dt ¢ gsf ¢ rd6  _sgy I.rad 37rd56.dt1 0 0. 0. 10
" dat © rad O _rd7  wol 37rd57.dt1 0 0 0. 10
name increment | 1
name start I A3

Cxy ¢ ang(” GPS (" wvector gps nmea string

|$GPGGA -

E |II H E gps filename ext
| E |.gps
o

X start Ig X end Ig

Y start I 0 Yendl 10 I

unlUmarkerI 1 time window nsl a0
samples!scanl 200 resampled scans!mrkl 20

binary resol.¢~ g bit & 16 bit ¢ 32 bit

fil lst |
append nan’lel info-v.dat Append |

~ Import \raw\

*_" radargram identifier Import browse

** multichannel general

vector_survey_information_dat nexts
IDS Gred export w <prer
Ntrack: I ffset I ot
-comma delimited N r:c s I IEIJT y Oﬁset g Xot : | i]12 - t
Ichannels z offse X stal | 1|
offset file elp se |

channel 100
x offsets 0

y offsets 0

z offsets

tr offsets

Create Info File menu:
Step 1. Create an Y survey info file

(x0,x1=n0 need to set these)
(y0,y1=profile start/end length along the tunnel)

374



375

@ Edit Information File: \longitudinalinfo.dat

'nfU‘V-dﬁf profile name yi division
info.dat
info1-tunnel.dat

1

37rd53.dt1
37rd54 dt1
37rd55.dt1
37rd56.dt1
37rd57 dt1

| info.dat

save edits

shift x0 | shift x1| name +
-10 shift y0 | shift y1| name -
times x0 | times x1 insert
times y0 | times y1 delete
rotate append chr| del Nth
] del channels

W 0~ ;W N -

—_
=

» e Biie Biie Bite Bile Bie Riie Tie Bie Biie
OOaaaan0n0nn

1

X

Vector Navigation Conversion

* ascii
" unicode
NMEA to utm
NMEA to nav
brwse x0x1y0y1
Xyz to nav
GPS get list
LL to UTM B
GPS get yaw 22

Survey Converted to Vector Navigation with new information file info-v.dat

23

marker [+ 24
unit/marker | 1
time windowns [ 80 % | | I ‘
samples/scan [ 200 next> | <prev | sortr | x0tox1| sotx | x>>y soty | y0toy1
resampled scans/mark [ 20 x1 to y0 rev file
binary ¢ 8 bit
resol. & 15 bit 32 bit
X A.
Survey type:

Ang, X, Y. XY to Vector

del odd
del even
recover

djust to single marker @ 0

Edit Info File menu:

Step 2. Click the Ang X, Y XY to Vector button generating info-v.dat
This operation stores the y0,y1 lengths to the vector info
file.

Note: if the line lengths need to be adjusted, then edit the line

lengths in the Edit Info File menu first, and then click the Ang X, Y,
XY to Vector button in that menu.
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tor longitudinal tunnel warping: longitudinal

Longitudinal Survey:

info-v.dat ;
angle radius

Generate Vector Normals:

I Vector longitudinal tunnel survey I
GPS/NAVector files

| 371d53.d1 D

| 37rd54.dt1 | 135
| 37rd55.dt1 | 180
| 37rd56.dt1 | 225
| 37rd57 dt1 | 270

tunnel radius(meters) |3

19 tunnel
radius

Longitudinal Tunnel Survey

GPS/NAV/Vector files updated

Operational Steps for Longitudinal Tunnel Warping of Radargrams

Create Info File menu:
step 1. Create a Y survey info file
(%0.x1=n0 need to set these, leave as 0.0)
(y0.y1=start and end position along the tunnel)
Edit Info File menu:
step 2. Click ANG X, Y. XY to Vector
(stores the y0,y1 lengths to the vector definition file)
Vector Longitudinal Tunnel Warp (this) menu:
step 3. Set the longitudinal angles for each radargrams M replicate file 1 to all
step 4. Click Vector: Longitudinal Tunnel Survey button
(sets the vector definitions in columns 9-11 in the *.*.gps)
Open GL 3D Vector Radar menu:
step 5. Display the projected longitudinal radargrams

|
|
|
|
|
|
H
2
2
2
2
2
1
2
2
|
|
|
|

Vector Longitudinal Tunnel Warp menu:

Step 3: Set the longitudinal angles for each radargram
Step 4: Click Vector Longitudinal Tunnel Survey button
(adjusts the 9-11t columns for antenna orientation in the
*.*.gps files)
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Open GL 3D Vector Radar menu:
Step 5: Display the projected longitudinal tunnel radargrams.

An example of the projected radargrams collected along a tunnel is shown
in the following screen shot of the Open GL 3D Vector Radar menu:

] GPR-SLICE:  Ground Penetrating Radar Imaging Software: longitudinal
Slice Grid Pixel Radar 3dvolume Filter Static Animation Help
adar | of

File Reverse Navigation
= 2d radargrams
split screen: radar-time slice

radargram editing r 3D Radargram Open GL Display: longitudinal - C
- [focus [ | [+ [ 2| 2 [Proprspd | [down| up | ewts[To cur faentief

radar cylinder warp [ step| step- [ bounce store stop [slowe] faster| _color

radar tunnel warp &l ar I~ 2Dlock

vector radial tunnel warp
vector longitudinal tunnel warp
OpenGL 3d radar vector tunnel

vector circular survey

multichannel 3d radargram pulse volume
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Vector Radial Tunnel Survey

Traditional methods for radargram warping are still available which
entails rewriting new binary radargrams. Radargrams can be warped real
time to show radial tunnel surveys using the vector formats. With the
new vector descriptions, the display of radial tunnel radargrams is much
faster and shows the radargrams in their true 3D positions. The steps
needed to create vector radial tunnel radargrams is given in the menu
explicitly and also shown here.

@ Edit Information

info-v.dat profile name

infobak. dat 1 [37RD41.DT1
2 | 37RD42.DT1
info.dat

 nfo.da 3 [37RD43DT1

save edits 4 | 37RD44.0T1

shiftx0 | shitx1 | name + 5 | 3TRD45.0T1

26 “shifty0 | shiftyl | name- 6 | 37RD46.0T1
times x0 times x1 insert 7 |3?RD4?.DT1
times y0 times y1 delete

3TRD48.DT1
rotate append chr| del Nth 8|
del channels 9 |37RD49.DTH

10 | 37RD50.DT1
sSgetry | Ssgetts | 11 [37RD51.DT1
55 to utm 12 | 37RD52DT4
SStonav Vector Navigation Conversion

0 2Ne Te TS e TS TS T TS TS RS TS

{ ascii
" unicode
MNMEAto utm
NMEAto nav
brwse x01y0y1
xyzto nav

Survey Converted to Vector Navigation with new information file info-v.dat

division

v LI I B e e e e B R R

GPS get list
LL to UTM

GPS get yaw

unit'marker | 1 |

time windowns | 20 |

samplesi/scan | 200 next= | =prev | sortr | x0tox1 | sortx | A==y sorty | y0 to y1

Ang, X, Y, XY to Vector 1| 1
|

resampled scans/mark | 25 ¥1toy0 revfile

del odd
del even
recover

binary (" 8 bit
resol. & q6pit © 32 bit

Survey type:
adjust to single marker @ 0

Create New Info menu:

Step 1. Create a “Y” information file with the x0,x1 defining the location
along the tunnel. Set the y0 to 0 and the y1 to a number which will
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defined the number of vector defined for the radargram. In the example
above 36 is used which will make a vector a 10 degrees. Note, if more
resolution in the rounded radial display is needed the number of vector
locations can be doubled to 72 or any number less than the total number
of scans in the radargram.

Edit Info File Menu:

Step 2. The Ang X, Y, XY to vector button is clicked in the Edit Info File
menu to create the vector navigation files as well as store the position of
the radial radargrams.

C)

Radial Survey:

s startangle end angle radius

Generate Vector Mormals: I

Vector radial tunnel survey I
GPSMAVVector files

| 37RD41.0T1 | 90 | 270
| 37RD42.DT1 | 90 | 270
[37RD43 DT [ 90 [ 270
[37RD44.DT1 [ 90 [ 270
| 37RD45 DT | 90 | 270
| 37RD46.DT1 | 90 | 270
| 37RD47.0T1 | 90 | 270
190 tunnel | 37RD48.DT1 | 90 | 270
radius [ 37RD49.DT1 [ a0 [270

| 37RD50.0T1 | @0 | 450
| 37RD51.0T1 | 90 | 450
' | 450

450
450
450
GPS/NAV/Vector files updated 450
450
450
450
450

tunnel radius(meters) |3
(used in polar labeling)

] | w| w| w| w|w|wlw| wlwlwlwlwlw wl wlw

T

3
I—iRadiaITunneI Survey

Operational Steps for Radial Tunnel Warping of Radargrams

Create Info File menu:
step 1. Create a ¥ survey info file
(x0 x1=position along the tunnel with x0=x1 normally)
(y0y1= set artificial long enough for vector defincrement)
Edit Info File menu:
step 2. Click ANG X, YXY to Vector
(stores the y0 y1 lengths to the vector navigation files)
Vector Radial Tunnel Warp (this) menu next> == T
step 3. Setthe start and end angles for each radargrams —I—I
step 4. Click Vector: Radial Tunnel Survey button
(sets the vector definifions in columns 9-11 in the *.*.gps)
Open GL 3D Vector Radar menu:
step 5. Display the projected radial radargrams

E
E
E
E
E
3
E
E
-
|

|

Vector Radial Tunnel Warping menu:
Step 3. Click the Vector Radial Tunnel Survey button which will read the

start and end angles and the radius for each radargram and will update
the vector in the navigation files. There is also a replicate button to
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quickly set all the radargram to the same start and end angle as the first
radargram. In this example the first 10 radargrams are sent from 90-270
and the last 10 are set to 90 to 450 which would be a full 360 degree
radial radargram starting at 90 and returning 360 degrees to 450. The
settings in the stop and start angles are only updated and stored when
the Vector Radial Tunnel Survey button is run.

® GPR-SLICE  Ground Penetrating Radar Imaging Software: radial
File Reverse Navigation Slice Grid Pixel Radar 3dvolume Filter Static Animation Help

radar cylinder warp = e || + |z | 2= [Prspfprspd 1 | n down] up | cute[ T ou fidentied

- |
36 step+ | step- [ bounce store stop [slower] faster | coler
radar tunnel warp T o I 2Dlock

vector radial tunnel warp
vector longitudinal tunnel warp
OpenGL 3d radar vector tunnel

vector circular survey

multichannel 3d radargram pulse volume

Vector imaging has endless capabilities to display any radargram in its’
true 3D space. Again, the most important part of the process is “simply”
to get the *.gps navigation files properly written. Both radial and
longitudinal vector setting menus are available for specific cases of tunnel
imaging is available.

To show the flexibility of the new imaging, we have combined vector
radial and vector longitudinal tunnel radargrams into a single dataset.
GPR-SLICE can show radargrams in which crisscrossing longitudinal and
radial tunnel radargrams in the same volume. The following diagram is
an example of both radial and longitudinal tunnel warp radargram:
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] GPR-SLICE - Vector 3D Radargram Open GL Display: c\kisatchie\longitudinal+radial - O

‘-3 |D focus [~ ¥ ‘ X+ | - | + | z- | Z+ |Prsp-‘F‘rsp+‘ It | it |d0wn| up |ﬂ,g_ﬂldenmer’_ store jpg |generate ammatlon|

‘ 3 | 724 step+ bounce| store stop ‘sluwer‘ faster| color |

ol 37rdd2 dtl = clear [~ 2D lock EETONER

The vector imaging shown in the above diagram is just a small subset of
the endless capabilities with GPR-SLICE for tunnel imaging.
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Vector Circular Survey

382

) Vector circular survey warping:  vector circular

info.dat

Generate circular survey
I Vector circular survey

Vector Circular
startangle endangle elevation

radius

[m) X

circle normal
(270,90,180,0)

GPS/NAV/Vector files I 37RD41.DT1

0

180

180

37RD42.DT1

185

270

180

37RD43.DT1

0

180

olololo

| | | o

270

37RD44.DT1

185

270

270

Operational Steps for Circular Surveys

Create Info File menu:
step 1. Create a Vector survey
(x0,x1=no need to set these, leave as 0,0)
(y0,y1=no need to set these, leave as 0,0)
Vector Circular Survey (this menu):
step 2. Set the start/end angle, elevation,radius,vector angle
vector angle (270-down; 90-up; +xy-180; -xy-0
step 3. Click Circular Survey button

Navigation Menu: _next- | <prev | replicate file 1 to all

step 4 Artificial Markers navigation

A menu to generate circular surveys is available. The menu will allow
the user to easily set the start and end angles of each individual radar
profile as well their specific radii, elevation and the vector orientation.
Four vector orientations are available with settings 0 (horizontal pointing
outside the circle), 180 (horizontal pointing inside the circle), 90 (vertical
pointing upward) and 270 (vertical pointing downward). The beginning
information file should be defined as vector with all the x0,x1,y0,y1
simply set to 0. Clicking the Vector Circular Survey button will generate
a vector *.*.gps file that is broken up into 99 tagged scans with positions
around the defined circle for that radargram. Should the greater
precision in defining the locations along a circular arc be needed, one can
alter the 99 to a larger value in the Edit Info File menu and then run
navigation and so on to make more designations around the circle.

An example of 4 lines with partial surveying along a circular tank with 2
radargrams measured on the tank wall from 0-180degrees, 185-270 and
their normal vector defined as 180 degrees, and also radargrams over the

382




383

same start and end angle and projected downward with the normal vector
defined as 270 degrees is shown in the following example:

)

helpset O’EUS ccut color‘ up | Ino ‘ dn‘ *fm ’—L| | Psp- | psp+| It ‘ i | dn | up | Dmp| jpg "cc—ldemﬂer
,g_ilg_ilgimnsﬂ |- }— m hrzn | net d slnw|fast| make animation | beta google kmz
[20. [a0.  [7247 iite Mlﬁ iso | x| v | z | v [ rom [[oxean <] step—|s1ep+| bounce |store| rot—xv‘ rotz trajanim. | set

gria2o [[GPshypit -] stat | export | 30 [ o[ s | R [37roeanm R — @ titie | I~ Z-solid

Other possibilities include a vector circular survey with each radargram
progressively having smaller or larger radius... such as surveying around
a circular structure or a pole. The menu is also set up for adjusting the
elevation along the circular surface for looking at progressive radargrams
taken at different heights on a concrete tank for instance. Many more
possibilities exist for the geometric inputs provided in the Vector Circular
Survey menu.

Note: GPR-SLICE provides easy set menus for these simple vector
geometry, however, the software is completely flexible and the user can
also generate any complicated vector geometry by modifying the *.*.gps
file which contain the navigation, scan#’s and the normalized vector of
the tagged scans.
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Vector Imaging for Walls

Making surveys on walls or tanks has just gotten easier inside the
software. A new import in the Create Info File menu called
vector_survey_information.dat will import this 8 column file for each
radargram in the project that has the name, xstart, ystart, zstart, xend,
yend, zend, and the angle description 180 or 0. 180 signifies a profile
that is made inside a room for instance, and 0 would be outside the room
and will project the radargram in the opposite direction.

]

flename [irfovectordat create profil @ GPR-SLICE - Open GL Volume Display:  Ib3d.dat

# of files 12 info helpset UIEUS ceut Ji color| up | In0 | dn | xfm | 1 psp-|psp+| It | it
file identifier 37rd milo_i’rvangp Ji X 7J7 voxfm hrzn | net 0
(eg-a_000) Cdgt @ .dt € rd3 C gpr « custom 40. 40. 724 1 lite isu—LW iso | X|Y ‘ z | H | rxfm | [\boxcarl - Step—‘slew‘ bounce ‘

ending identifier © dt © gsf ¢ rd6 C sou grid2d | GPSixyplt  ~ stat | export 3D O|S|R ‘37rd42 dt1 j

¢ dat ¢ rad © rd7 Jvectcrisurveyjnformat\on.datI Notd]
name increment [ 1 File Edit Format View Help

name start | 1 name,x8,y0,z8,x1,y1,z1,180/8
37rd41.dt1,10,10,0,15,10,8,180
37rd42.dt1,15,18,0,15,15,8,180 =
2| 37rd43.dt1,15,15,0,10,15,0,180 RS
FX 0y oy cangr GPS & ve 37rd44.dt1,10,15,0,10,10,0,180 y
37rd45.dt1,10,10, - £
y

Xstat [ Xend [95 37rda7.dt1,15,15,-1,10,
37rd48.dt1,10,15, -
Ystat [0 Yend [10 37rd49.dtl,10,18, -
37rd50.dt1,15,10, -
unit/marker| 1 time windov| 37rd51.dt1,15,15, -

37rd52.4dt1,18@,15, -

samplesiscan| 200 resampled scans/i
binaryresol.~ gpit  « 16bit 32 bit
file hsl,—-
| T
append name | infovector.dat Append
~ *** infovector.dat

Import browse

** radargram identifier

* * multichannel general
vector_survey information.dat

IDS Gred export v
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Vector Volume Addition — example imaging of a 4-sided
square column

® GPR-SLICE:  Ground Penetrating Radar Imaging Software: butch volume addition
File Reverse Navigation Slice Grid Pixel Radar 3dvolume Filter Static Animation Help

roject | folder i radar | open

proj opti T p select 3d file

B> |[cL]

volume cylinder warp
volume tunnel warp

convert/extract 3d binary to xyzg ascii
convert/extract 3d binary to xyzirgb ascii
convert/extract 3d binary to xyn trace ascii
extract 3d volume xyz planes to 2d *.grd format
reconfigure xyz to xzy

vector volume rotation/translation/addition

OpenGL Volume
OpenGL Volume + draw

OpenGL Volume xyz-2d
OpenGL Volume xyz-2d + draw
® Rotation/Translation/Addition of Local Volumes to a Single Vector Volu... -
3d filename tempa.dat vector volume plus
X start,cm 0 Jdfile-1 | 1a-masoxy.dat x1,y1.z1.angX.angY.angZ.gain1 [0.0.0.-90.0.0.1
Y start [0 3dfile2 [2amanydat | x2y2z2angKangY.angZgain2 [60,0,0.-90.0,-90.1
Z start 0 3dile-3 | 3a-maxccy.dat x3,y3.z3,angX.angY.angZ gain3 [60.60.0-90.0,180 1

Xend 60 Jdfile4 | 4a-maxy. dat x4.y4.z4 angX.angY.angZ.gaind | 0,60,0.-90,0,90,1
Y end 60 ** can be blank

Z end 60 XYZ ond xyzStart - origin of output volume
grid cell size 1 -~ xyzEnd - end size of output volume

. zN - absolute origin of an input volume-MN
new volume size ( = o F
|

angXYZ - rotation about axes in degrees

|ngx_ngy_ngz = 60x 60x 60 gainN - independent gain value for volume-N

*** local volumes should be denser
(smaller grid cell size) then the output

volume 7/ '\

*** local volumes should be compiled XYZ gpart xyzt

with absolute or ABSOLUTE (set
max/min) normalization

GPR-SLICE has a new menu to synthesize a vector volume from
separate localized volume (see screen shot above). This menu can be
used for instance to combine all the surface surveys and their separate
volumes taken on a 4-sided square column and generate a single vector
volume! The new menu on the 3D volume pull down menu has slots to
set the absolute origin that each volume is recorded on, along with their
corresponding axes rotation needed to place the new volumes in their
vector location. There are also separate gain values that can be applied
during the addition process for each individual volume.
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® GPR-SLICE - Open GL Volume Display: 4a-maxxy.dat

r;us cout f iloﬂ up|n0| dn| sim -
10 10 0 ansp _}—- x| = v-xfm hrznlnetl
50 50 19.8 § lite iso-Ll 44 isol X| Y| Z|H|rxim||imigrate\ |

grid2d | GPS/xy pl ~ stat | export | 3D | O S| R | 1x10000.dt1

Vector volume comprised of 4 -
separate volumes on each

surface of a square column

Some of the requirements and recommendations for this new vector
operation are to: 1) make individual volumes that have more density then
the output volume to insure that there are no empty cells during rotation
and translation into the output vector volume, and 2) we highly
recommend that absolute or ABSOLUTE (user defined set min/man)
normalization be used to generate the volumes. With absolute
normalization, keeping the gains lower at depth in each individual volume
will help to ensure that volume elements that are overlapped - as will
occur on the corners of the new volume - do no overwhelm the imagery -
and only the true amplitudes are being added and not normalized
amplitudes at each level from the time slice dataset. An example of a
column concrete/rebar survey made with a Sensors and Software
Conquest GPR system by Butch Federizon at Geomaster Corp in Quezon
City in the Philippines is shown in the example imagery.

This new option is not limited to just 4 volumes. The menu can be run
several times with the output volumes as input volume to comprise many
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more locations into a single vector volume. The size of the output volume
if areas are separate by large distances can become "intolerable" for
volume memory and it is recommended that adjacent areas be used to
keep the output volume manageable. The vector volumes are
distinguished from our typical volumes in that the z axis is no longer
measured in time and the volume is a depth volume. Time axes will not
appear in OpenGL for these new vector volume displays.
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Automatic Vector Imaging Over Sites with Topography

©) Static Corrections: treasure

Draw topography and correct:

Info File | info_dat

" ‘radar\
 \resample\
" filter\
 \migrate\
" ‘hilbert\
@ ‘baxcar\
" ‘bandpass\
 ‘topo\
 \regain\
™ \deconvi
 editt

" work)

velocity (m/ns) I o7

time window ns

80
samples/scan ’W

new samples/scan | 400

topography.dat
x,y,elevation(m) file
not found:
recommended new
scan length should be
user set

components into columns 9-11 in the *.*.gps files.

O}

o Il M Do o e T sl S B Mo i I sl M M e i T e e A e R

Profile Name

o [=lpy

next=> | =prev

* *.gps Vector files adjusted using ltopol.grd topography grid file

step 1
37rd41 dt1 p Draw Topography
37rd42 dt1 option A Compile Topo1_dat
37rd43.dt1 option B Grid Topo1.dat
37rd44.dt1
37rd45.dt1 Import topography and batch correct:
Srrado.dtt step 1 | rt \dat\ T hy.dat
mport \dat\Topography.da
37rd47.dt1 s pogTePy
37rd48 dt1 Step 2 Grid T0p01 dat
37rd49 dt1 =exit to Open GL Topo Volume Warp
37rd50.dt1 option A Extract Topo
37rd51.dt1 -
option B Correct
37rd52.dt1
37rd53.dt1
37rd54 dtl Extract GPS/NAV/Vector topo and batch correct:
A7rd55 dt1 step 1 Extract GPS/NAV/Vector topo
37rd56.dt1 step 2 Compile Topo1.dat
37rd57 dt1 e ——
rid Topo1.daf
37rd58.dt1 step 3 d
37rd59 dt1 =exit to Open GL Topo Volume Warp
37rd60.dt1 option A Extract Topo
option B Correct
option C I Generate Vector Normals
S Vector Imaging X|

GPR-SLICE v7.0 has an option to calculate the surface normals
automatically across a topography grid file and place these vector

The button called

Generate Vector Normals, will read the active topography grid file and
compute the surface normal to the topography. The surface normal is in
the direction that the GPR scan will be projected into the ground. The
surface normal is computed looking at 2 vectors on the topography grid
file, e.g. looking at 3 points on the topography file and generating 2
vectors of elevation differences between two of the points, leaving one
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point as the origin of the vectors. The cross product between the two
vectors provides the surface normal to the vector.

Currently in GPR-SLICE v7.0, a distance of 5 grid cells is examined in
order to give a local surface normal without too much rapid change that
would occur in looking at adjacent grid cells and topography. This
provides for a touch of smoothing in generating the vector columns. In
the future, options for adjusting this value by the user and/or vector
smoothing will be provided.

An example of what can be achieved with the automatic vector
imaging options, is that a 2D radargram collected over a site with
topography, gets projected as a 3D radargram when the orientation
(pitch, roll and yaw) of the antenna is included. Shown below are
example 3D radargrams collected over a site with topography.

GPR-SLICE - Open GL Volume Display: intvtopo-i202-3d.dat - B
helpset ffocus [~ colowt _(————— color| up [ n0 | an [[@ to-hicut[topotard  w | psp-|psp+| it [ nt [ an | up bmp|jpg [ identier

0 0 [o. transp f———— sy [— F—— vafm hizn | net| cont| z- [[05 z+ [xy-] 16 xy+[stow| fast [ _make animation | beta google kmz |

6 [80 [407.[ e isoL 95 iso | X | Y[z [H[rdm|[ledn ] ce | store[ rotxy [ rotz | trajectory anim |

grid2d [GPSixyp v | fil stat | export | 200f [ 0[5 | R [himezgoozt  ~ |y — clear | tile ] [~ Z-solid-beta

TS,
l/;l';":'l"':‘

Lk

e
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Vector Volume

GPR-SLICE Static corrections now incorporate vector topography.
Using the Vector Topo button in the Static corrections menu, flat
rectangular volumes will be warped into their vector space using the
surface normals of the digital elevation model. The topography grid file -
topol.grd - is used to position the grid cells into their vector space
assuming the antenna was perfectly parallel with the surface of the
topographic site. The repositioning and warping of the cells into their
correct 3D space can create voxel gaps in the newly created binary 3D
volume. A button to conveniently interpolate the gap using nearest
neighbors can be applied clicked in the menu. The user should first look
at the raw converted file to see if gaps are significant. If not, then a
simple gap interpolation with a x, y interpolates grid cell length of 1
should suffice. An example of vector warped volume is shown in the next
figure. The vector volume is written with the append identifier "topo-"
added onto the flat rectangular volume. If this volume is subsequently
interpolated the identifier "int" will be further added onto the volume
naming automatically. From this menu standard topographically adjusted
volumes which simply shift the grid cells vertically can also be made using
the Standard Topo button.

© GPR-SLICE  Ground Penetrating Radar Imaging Software: \kisatchie\mala-topo\
File Reverse Navigation Slice Grid Pixel Radar 3D volume Filter | Static Animation Help
project | folder ﬂons T radar [ open static-topography

lice static-horizons

© 3D Volume Creation - 3D Fi _ | x||__2d time slice + topo contours
Standard Topo searchncels 1 erpolate gap make 3D file + topo n

select topo file

Open GL Topo Volume Warp
Input 3D Binary File= \kisatchie\mala-topo\3dfile\v3d.dat (270 x 220 x 97) Open GL Topo Volume Warp + Draw
Input Topography=  \kisatchie\mala-topo\grd\topot grd (270 x 220)

elevation change,m=  3.72

effective sample depth= (elevation change)'(z grid cells)(survey depth)= 61

Processin g 39% Complete

cancel

CONOOP LN 2O
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ANG, X, Y or XY Survey Conversion to Vector

Among the miscellaneous improvements which are useful for further
discussion is the conversion of ANG surveys to Vector. Not only can ANG
surveys be converted, but X, Y, or XY surveys can also be converted
using the new button option in the Edit Info File menu. What does this
mean? Well, for ANG surveys, it allows for 3 labeled reporting on
radargrams, e.g., X, y, and the integrated range. ANG surveys are
treated just like GPS/Vector surveys with random tracks. Our vector
survey navigation format as stated in a previous newsletter is a
generalized navigation format which is inclusive of all known navigation
methods that are presently done with GPR. Having a standardized
navigation formation will alleviate the confusion of different survey
formats. Providing the conversion button for ANG, or X, Y, or XY surveys
to Vector is a first step in migrating to this single standardized navigation
format. (The Vector formats - just like GPS formats which it is inclusive
of - keep the number of GPS listings in the Y1 column of the profile
information file after making the 20 column vector navigation files
*.*.gps associated with each radargram.)

In addition, features available to X, Y, XY or GPS surveys were
never programmed into the specific ANG survey definition such as
TSPoints or Time Slice/Radargram split screen displays. Converting your
surveys to the generic Vector survey will give one full capabilities of all
the imaging options in GPR-SLICE v7.0. (Future versions may simply
eliminate all the different survey types and require the generalized Vector
definition).
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Concrete Imaging and Enhancing Linear Features
From Cross XY Surveys (e.g. rebar in concrete)

As many new users of GPR-SLICE are doing geotechnical surveys, it is
useful to show how rebar and concrete mapping options in the software
can be used to enhance linear features. For those doing XY surveys on
concrete, it is possible to decouple the X and Y lines, generate separate
grid maps with directional weighting, and then use grid math to add the
decoupled grid maps back to enhance linear features. Shown in the first
diagram on the next page is one-time slice made from lines parallel to X
axis of a grid. To enhance linear features transverse to the X lines (or
better said, to “bleed” anomalies across to adjacent lines) one can use X
and y search radius which are unequal. In this example the X search
radius is minimized (to a value of 0.5 distance unit) and the Y search
radius is expanded (to a value of 7 distance units). The net effect on
gridding is to better connect linear anomalies going across the lines.
Similar operations are made for the Y lines of the grid (shown in the
bottom figure on the next page) with X search radius set to 7 and the
length of the Y search radius which is minimized to 0.5. After the
decoupled grids are made, Grid Math is used to add the grids back
together (shown on page 288). Rebar mapping in concrete is shown to
be significantly enhanced.

Comparisons can also be made using combined XY gridding which
show the linear features but not quite as well as the decoupled grids.
Users can practice on this dataset given in the Advanced Users Workshop
folders on the ftp site (\Kisatchie\concrete2\). In general, XY combined
gridding is better when there is no prior knowledge of what kind of
structures are in the ground. However, having prior knowledge can allow
you to enhance these features, particularly for linear structures that are
primarily parallel to the x or y directions

Note: A high cuts-per-mark setting of 10 in the Slice/Resample menu
was used in generating the spatial bins for the time slice ASCII datasets.
This will insure that a high density of bins is generated along the
radargram. The search radius along the radargrams was set to about
2.5 times the bin width or 0.5 distance units (for enhancing the linear
features transverse to the radargram direction).
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) Gridding: ron crowson - o %]
Slice Files  Window-ns Grid Processed Grids
3 : _ 5 dat 1116 5 grd
X Grid Start [ gridding Input grd/dat Ident [ ¥ Processing Graphics 15 xo.gr

XGridEnd | 44 Number of Slices |5

: Help Set i
Y Grid Start [ o Starting Slice # [ 5
Help GPS

YGridEnd | 27 —HebAlTay = - - -
Grd Cel Size [7 RERE SV @) Gridding: inverse

Decoupling of X and Y time slices of migrated radargrams + grid math

Search Type [[EHGUWIIES
X-Search Radius (g5 x5 3-4in

Append Identifier [1y
gan [T

Filter Length [ 1000

%max Threshald [ op
3D filter 0

S6min Threshold [T

i T IR L1 TS T T T S B T L1
Y-Search Radius |7— i L
Blanking Radius [7 ] [
Stagger Length [ \fariogram ] r
@ Inverse Dis.  Krigging 20 N r
i 1 Range[ 12 g [
Factor 1 L
Nugget| 2 ] i
Sillf 1.2 ] B
3x3 low pass il 1 L
3x3 boxcar subtract 1 L
Filter Type |3x3 high pass LI 10 7] C

Grid settings used for making time slices of just the X line data.

,@Gridding: ron crowson N [=1F]
Slice Files ~ Window-ns Grid Processed Grids
X Grid Start | o gridding Inputgrd/dat ident [y [+ Processing Graphics | Y29 1116 y.grd
XGrid End [ 44 Number of Slices [5
: o :
Y Grid Start | g Starting Slice # | 5
Help GPS

Y Crid End | 27 —H = _ = = -
Grid Cell Size [ A &) Gridding: inverse

Decoupling of X and Y time slices of migrated radargrams + grid math

Search Type [SacyiEy
X-Search Radius |7_ y5: 3-4in
Y-Search Radius [p 5

Blanking Radius |7_

Stagger Length [0 Variogram

@ Inverse Dis. " Krigging
s el
NuggaIQ—

3x3 low pass il
3x3 boxcar subtract
Filter Type 3x3 high pass j

Append Identifier | Iy
o [

Filter Length | 1000

9%max Threshold | o
3D filter

%min Threshold |0—

Grid settings used for making time slices of just the Y line data.
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) Grid Math: y5.grd + 1*x5 -0l x|
Slice Files  Window-ns Grid Processed Grids
X Grid Start [ g gridding Input grd/dat Ident [ Iv Processing Graphics !xf’—dﬁ‘ ! 1116 ! x5.grd !

Grid math operation to add time slices made from decoupled X and Y
lines to generate X+Y time slices are easily accomplished in the Grid
menu. The weight between the grids is usually set to 1 but it can be
changed to decimal values other than one. Negative values can also be
used which in essence represents grid subtraction.

Note: A BlueBox Batch process to completely run the XY decoupled
gridding operation from start to finish is available. See this section in
the manual.

Max(X,Y) Grid Math

XY decoupled gridding for enhancing linear features from cross
surveys has a new option for further enhancements. Overlay analysis is
implemented using a new option called Max(X,Y) in the Grid menu. The
procedure in the Grid menu will chose the maximum value of the X and Y
decoupled grids and place into the output grid. Comparison of the
traditional grid math and the Max(X,Y) option is shown in next figure.
Traditional addition of the independently gridded X and Y datasets which
were completed with elliptical searching, shows simple addition to have
more “dotty” amplitudes at the crossovers between rebar in the image.
The Max(X,Y) procedure because it only takes the peak response between
the two grids shows more even amplitudes. These observations can be
understood in that the addition will double the amplitudes over the
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X Grid End [ 44 Number of Slices [5 Amnscahng @ Grid Math
Y Grid Start [T Help Set Starting Slice # [ 5 6 Decoupling of X and Y time slices of migrated radargrams + grid math
Help GPS 0% >
Y Grid End [ 27 W
ZJGED 30 Filename: i 52 3-4in %5: 3-4in
Grid Cell Size | 2 ‘ add dat Ciezehilie Y Py b b b g b b Lo
Search Type [[EMEASNES Append Identifier ld_ T
a2 20 20
X-Search Radius (5
Y-Search Radius [7 ‘ Append Identifier surfer Slice to Surfer
Blanking Radius | 7 10 10
Stagger Length [ M Append Identifier Rotate/Translate |
@ Inverse Dis.  Krigging Rotation Angle o 0 Frrrr T 0 RALAIIRAY iAn et
Smoothing ,—1 Range,—1 > Oin 10 20 30 40 Qin 10 20 30 40
Factor X-Translate 0 X+y5: 34in
Hugget| 2 Y-Translate 0
Sill| 12
O Identifi i | 2
303 low pass iI utput Identifier X+ (grid1)+a*(gric2)
3x3 boxcar subtract Grid 1 Identifier l_
Fiter Type |33 high pass L] , 10
Grid 2 Identifier
Append Identifier |1y *
Multipl
Filter Length [ 1000 Oin 10 20 30 40
%max Threshold [ o0 m Append Identifier b- Blank
%min Threshold [ o Make Blank File




£) Gridding:

395

C:\xy decoupled overlay analysis

X grid start I 0 gridding

X gnd end | 200

Y-search radiusl 3
blanking radius I 3
stagger length | 0

e inverse dis.

smoothing | 2

factor

input grd/dat ident Imax‘xy [~ processing graphics

a |autoscaling

3D filename pulse 3D file

I Imaxxy3d.d

append identifier |4 double size |

. help set
Y grid start I 0
cell size @ draft
Y grid end I 300 " fine
- ; e standard
rid cell size I search
g 2 " broader
search type
X-search radiusl 30 search
angle I

variogram |

" krigging

range IT
nugget |2—

append identifier | surfer slice to surfer |

append identifier

rotate/translate |
0 fiex| fipY]|
X-translate IOi ™ fix data origin
Yotranslate Ioi " fix grid origin
(e translate header

rotation angle

sill| 1.2

3x3 low pass ﬂ output identifier | maxxy grid1+a*grid2 |

3x3 boxcar subtract it et e i - —
fiter type 3¥3 high pass g X max(grid1+a*grid?) |
33 Laplacian [ qrid?2 ident/ volumgea= volt+avoz |

a multi .
append identiﬁerl\ - 1 rescale a*grid1 |
filter length | 1000 ‘
-

Imaxeys: 5-9cm
0 xxgn 60 90

300

270

240

210

180

150

Y (cm)

120

90

60

30

0 90 120
% (em)

150 180

Ix+y5: 5-9cm
0 30 60

300 300

270 270

240 240

210 210

180 180

0 90 120
% (em)

xy decoupled gridding - comparison of Max(X,Y) vs (X+Y)

intersections (particularly when the profile spacing is equivalent to the

rebar spacing).

Choosing the Max(X,Y) between the two grids will not
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overweight the rebar intersections. Max(X,Y) is essentially overlay
analysis however the individual transforms are not being applied - simply
the binary process of using the peak value between the two decoupled

grids. Max(X,Y) shows better constant amplitude mapping along the
rebar.

Because the Max(X,Y) is a very useful operation for concrete imaging
or for sites with linear features parallel to the profiled lines is so valuable,
it is now also included as a setting in BlueBox Batch operation: XY
Decoupled Gridding + Edit + RSP.

Equipment Specific Operations
Mala X3M, CX11, CX12

GPR-SLICE was integrated for the Mala X3M, CX11 and CX12
equipment in 2011. These data can have a unique data format for cross
gridded surveys. The extra operation in GPR-SLICE is to extract the
multiplex radargrams into individual radargrams. The initial radargrams
collected with this equipment are the multiplexed *.rd6 data which are
extracted to create individual lines with the *.rd3 extension. Screen
shots and step by step instructions are given as follows:

© Create Information File:  C:\ P ]
filename [ infoxy dat reate profile name x0 x1 y0 yi
# of files 2 info gr_006_1.rd6 0 o 0 0
file identifier [Q’OT eg. file__ 000>> file__ g 2 o 2 | vo =
ending identifier ~ dzt ~ dt1 C rd3 ( sgy  dt @ custom
name increment | 1 rdé
profile name start | 1
E E Eg % IE e flles‘ [~ muiti-channel
Cx Cy @xy ¢ ang(C GPS | vector J Ntracks 0
X start | o X end I — Nchannels | 16 s X3 e 2 &
Y start | 0 Y end | 7 =epare 12 . .
x offset 0
infomain.dat and infoxy.dat profile information files generated
unit/marker| 1 y offset 0
time window ns| g 723 track start# | 0
samples/scan| 402 |C 000 Tl
resampled scanslmrki 10 000-0 GSSI 7 |
binaryresol. =~ gpit & 16 bit
file list -
append list
append name | infoxy dat Append
Mala Mira 16 channel-GPS ;,I Import \raw\ I
Mala Mira 16 channel-X.Y XY

Import browse

Initially set this to 0-7 which means you have 8

SIR30-GPS
Terravision 14 channel-GPS :I lines to extract in each direction. Assumes

Terravision 14 channel-Map format

Terravision 14 channel-X.Y XY initially a unit of 1 between lines which you

adjust later in the Edit Info File menu
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1) Create Info File menu:

step 0) set the recording unit, m, inches, ft etc in the Options menu

step 1) set the xstart/xend ystart/yend to 0-7 if you have 8 profiles
in each direction, or to 0-(N-1) profiles if you have a variable
N number of profiles in each direction. (If *.rhd or *.3dq
Log files are in the folder GPR-SLICE will automatically set
these in the latest version from March 2014 and these do not
have to be set manually)

step 2) set the import listbox to Mala X3M - X,Y or Mala CX11 or

Mala CX12
step 3) click the Import \raw\ - this creates the infomain.dat and
infoxy.dat -
infomain.dat is the main info file with the multiplexed
radargrams

infoxy.dat is the complete individual extracted cross grid
information file

© Edit Information File:  C:\Mala-CX11\infomain.dat i _ ol x|
|infoa.dat - profile name x0 x1 yo y1 division

infobak.dat
jar 006 _1.rd6
gr_006_2.rd6

I infomain. dat

save edits

shift x0 | shift x1 | name +
,4— shift yO | shifty1 | name -
timesx0 | times x1 insert
timesy0 | timesy1 delete
" rotate
MALA get xy MALA get ts
MALAto utm MALA get X3M
MALA to nav
Mala2 to utm

© W 0N B WN -

=

s
o

o~
N

o
e

NMEAto utm
brwse x0x1y0Oy1

S~
o

=
(=]

>
prer]

Ozzie to utm
GPS get list
LLto UTM

-
@

-
©

8

GPS get yaw

Ang, X, Y, XY to Vector

N
=

N

n
w

) o
= @
e @O B eSO eE @E e e O S 9 e ee® e ® @ @

LI W W W NN W W N NN

unit/marker | 1q

n
o

time window ns [ 9723
samples/scan | 402 next> | <prev I sortr I x0 to x1 | sort x | x>>y sorty l yOtoy1
resampled scans/mark | 10 del odd x1to y0 rev file
resampled resol. ¢ 8 bit® 16 bit e

[x 0
Survey type: g recover
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2) Edit Info File menu:

step 1) highlight the infomain.dat file
step 2) click the Mala get X3M button to insert samples/scan and
time window if needed

Conversion: C:\Mala-CX11 =0l x]

O Radargram

input | \raw\infomain.dat

gr_006_1.rd6
gr_006_2.rd6
input radargram
gr_006_2.rd6 ala extractio ll
Mala X3M X-lines 1- 8 extracted from gr_006_2.rd6
Mala X3M Y-lines 1- 8 extracted from gr_006_1.rd6
extracting channel#
gr_006_2-8.rd3

OK

cancel

starting radargram#1 1

# of radargramsl 2

next> | <prev

3) Convert menu:

step

1) click the Mala X3M/CX extract or the Mala X3M/CX
Xmulitplex button - you will need to test which button your
equipment has since some older CX11 do not multiplex
the data in the y/*_2.rd6 - in that case click the Extract
button instead etc.
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© Edit Information File: y.da “ T ;lQll”

infomain.dat _ﬂ i _]._l— 0 5'
' output [Vvadarl MALA 16 o 16 bit input | \rawlinfoxy dat ]
infoxy.dat Mala-cx/x3m extract l gr_006_1-1.rd3
5 006_1-2rd3
save edits i .
_ saveedits | Mala-cx/x3m Xmultiplex_ | e

LR VS ECSA N 5 MALA 16 to 16 bit
* sninyo[shinyt| name- | ‘el R

times x0 times x1 insert 20 wobble length

imesy0 | mesyl | delele check gain exp.gain 0 e batch gain
chck giwob SW‘MU-W‘ 6 make gain i batch gain-wobble

rotate

MALA get xy MALAgetts |

MALAtoutm | MALAgetxam | rightmouse-lock scan scan#= 24 sample #= 79 time (ns) =2. binary # =-11233
MALAto nav

Mala2 to utm

breakpoint= 0
gain = 1. gr_006_2-5.rd3 wobble length : 44

NMEAto utm
brwse x0x1y0y1
Ozzie to utm
GPS get list
LLto UTM

GPS getyaw | \
Ang, X, Y, XY to Vector |

\\
unit/marker | 1 ‘:\
time windowns [ 9723 |
samples/scan | 402 _
resampled scans/mark [ 10 A
resampled resol. g bit @ 16 bit A\
Ix .! b ;

/[

——

—
—

]
<
—

WV

\
v

AN AN A
MR VARARAVATAVIIAYS

AN A AT

w

4) Edit Info File menu:

step 1) highlight the infoxy.dat file

step 2) adjust the line length start or end locations to the correct
values by using the Shift/Times buttons if nheeded (Note the
*.rhd or *.3dq files are automatically read if they exist to
generate the infoxy.dat line length in the unit chosen in the
Options menu)

step 3) proceed as usual to the Convert menu and use the Mala 16
to 16
(check the *_2.rd3 data to make sure they were properly
extracted or demultiplexed - if incorrect start back from
the Convert menu with the infomain.dat and use the other
button operation)

An example of a Mala CX12 dataset is shown in the next figure. The site
is a concrete survey collected in X and Y directions. A total of 8 lines in
each direction were recorded for the survey.
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=lolx]
filename ,W reate profile name x offset y offset 7 offset GPS/Nav
# of files ,2— gr_006_1.rd8 0 0 0 0
file identifier [gr 006_1- e fie__000>>file__001 LTS 0 0 0 0
ending identifier ~ gzt  dt1 © rd3  sgy  dt (@ custom
name increment ,1— .rdg Time Slices
profile name start ,1—

r sty 0-3cm x+y2: 2-5cm x+y3: 5-Bcm x+yd: 8-10cm
nav files
Cx Cy (xy ( ang@® GPS | vector 25
20
Xmartl 0 Xend | 7 — —
S8 =
Ymartl 0 Y end | 7 >.1U > = >
it/marks ’
unit/marker| 1
0

time window ns| g 723 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
xtyh: 10-13cm x+y6: 13-16cm xtyT- 16-18cm x+y8 18-21cm
samples/scan| 402
25

25
resampled scansfmrkl 32
20 20
E1s
>
10
5

binary resol. ¢~ gpit @ 16 bit

file list -

Z15
-

10

5

append list
Mala X3M - XY
append name [info.dat Append 0 5 10 15 20 25 0 5 10 15 20 25
x+y11: 25-28cm x+y12: 28-31cm

infomain.dat and infoxy.dat profie information fies generated

IDS Stream XY a] I Import \raw\ I

IMala Mira 16 channel-GPS

Mala Mira 16 channel-X.Y.XY Import browse

Terravision 14 channel-GPS 10 —
Terravision 14 channel-Map format
Terravision 14 channel-X Y XY & 5

0

0 5 10 15 20 25 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

(Data courtesy Shawn Williams, Idaho National Labs).
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GSSI SIR 30

GPR-SLICE was outfitted to read GSSI SIR 30 datasets first in 2012
and in 2014 the software was enhanced to include complete 32bit
processing. In 2016 buttons to automatically extract the individual
channels from SIR 30 multiplexed radargrams was added. The menu
screen shots and basic instructions are given as follows:

)
filename | infochannels.dat create profile name x offset y offset z offset GPS/MNav
# of files 1 info 2015163-MBRC_PAVEMENT_DESIGN_001.C |0. 0 0. 0.
file identifier |
(eg. a_000)

@ dzt ¢ dtl © rd3 © custom
ending identifier «~ dt ¢ gsf ¢ rdé © sgy
¢ dat ¢ rad ¢ rd7 © wvol

name increment

name start
E H % E E gps filename ext
Cx vy ¢ xy ¢ angs GPS  vector dzg
X start | 0 Xend | 0
Y start | 0 Y end | 0

SIR 30 X

unit/marker| 1 time window ns| 12 L
Sammea{scan = ,—esamme,d E—— 5 infomain.dat and infochannels.dat profile information files generated ]
binary resol.~ bt 16bit & 32 bit

-
file lst | . y
append name | infochannels.dat Append

1
Import \raw'
** radargram identifier __Import browse | ‘
*.* multichannel general
\DS Gred export next>
<prev

[~ multi-channel NNiracks ] track start# | 1 000 @ _000_a000 « 0000

Neh | ~ Y ~ -
channels | 4 -comma delimited LEBD e

offset file |
channel [1234
x offsets [-5,-25 25 5
y offsets [0,0,00
z offsets ]
tr offsets |

Create New Info menu:

step 1) set the number channels, channel numbering, x-offset, y-offset in
the multi-channel box (multi-channel license required)

step 2) click the import \raw\ button generating the infomain.dat and the
infochannels.dat files
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infomain.dat: contains the name of the main track 32 bit radargrams
infochannels.dat: contains the extract channels with -N.dat designation

Edit Info File menu:
step 1) highlight the infomain.dat file
step 2) click the GSSI dzt utm button to generate the GPS on the main

step 3) click the Separate SIR30 button to extract the individual channels

@ Edit Information File:  ‘\adrian demo\infomain.dat - O x
infochannels3.dat " prafile name x offset y offset zoffset  GPSI/NAV division
infochannels4 dat
informain.dat v 1 |2015163-MBRC_PAVEMENT_DESIGN_001.1 © | 0. 0. 0. 444, r
2 ‘» r
infi in.dat
| infomain. da 3 - r
save edits | 4 e -
shift x0 | shift x1 | name + 5 Lo r
|‘1 shift y0 | shity1 | name - 6 ~ r
times x0 | times x1 insert 7 - r
times y0 times y1 delete
t ty dy hr| del Nth 8 F =
rotate append chr € SIR20 Extract 32 to 32 bit - r
| del channels
GSSI get xy GSSlgetts input radargram C r
GSSlto utm 2015163-MBRC_PAVEMENT_DESI s r
GSS| Tstamp ~ r
GSS| Tstamp nav channel radargrams *1- 4 p. r
GSSldzg utm § GSSldzg2 utm 2015163-mbrc_pavement_design_| -
GoSldzg nav | GSSI dzg2 nav r
@ ascii Array to nav processing scan “ r
 unicode Separate SIR30 12228 s r
NMEAto utm ~ r
cancel
NMEA to nav | (_ r
brwse x0x1y0y1
Xyz to nav 19 C r
GPS get list 20 SIR 30 channel separation hat r
LL to UTM 21 -
M 22 SIR 30 - 4 channels extracted r
Ang, X, Y, XY to Vector | 23 r
unit/marker [ 1 24 r
time window ns [ 12 25 r

samples/scan | 256

resampled scans/mark | 25 next> | <prev | sortr | x0toxt | sortx | _x=>y sorty | yOtoyl
binary 8 bit del odd _Xitoy0 | rev file
resol. 16 bit @ 32bit del even
Xy o recover

Survey type: AN sort multichannel

interchange multichannel

W
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step 4) set the information file to infochannels.dat

step 5) click the Array to Nav button to generate the individual GPS
tracks for each extracted channel based on the xy offsets

optional: If channels 1, 2, 3, 4 do not have the same time window,
currently the user will need to edit the infochannel.dat file and make
manually infochannell-4.dat separately. Use the GSSI Get TS button for
each information file to assign the unique time windows. Infochannelsl-
4.dat can be made by using the delete or the del channels options in the
Edit Info File menu.

)
inocnnet : A profile name x offset y offset z offset GPS/NAV  division
infochannels1.da
infochannels2.dat <= v 1 | 2015163-mbrc_pavement_design_001-1.dzt ¢ [-0.5 | 0. |0 | 444. r
: 2 | 2015163-mbrc_pavement_design_001-2 dzt [0 [o [o 444 r
| infochannes.dat 3 [2015163-mbrc_pavement_design_001-3.dzt « [025 [0 [0 [244. r
save edits 4 | 2015163-mbrc_pavement_design_001-4.dzt © [0.5 | 0. |0 | 444 r
shift x0 | shift x1 | name + 5 | c | | | | r
-1 shift y0 | shift y1 | name - 6 | e | | | F
times x0 | times x1 insert 7 | e | | | | r
times y0 times y1 delete g ~ E
rotate append chr| del Nth | | | | |
[ del channels 9 | . ! ‘| | | r
10 = ™
gss‘s,llif)eltjtxni GSSIget ts 11 I—— G5SI Multi-Channel X I I -
GSSI Tstamp
m 12 |__ 2015163-mbre_pavement_design_001-1.dzt - o | | .
m GSSI dzg2 utm 13 |__ 2015163-mbrc_pavement_design_001-4.dzt *.gps navigation files created | | ™
GSSldzgnav | GSSIdzqg2 nav 14 F I I -
* ascii i Array to nav 15 _OK r
¢ unicode Separate SIR30 16 |__ | | r
NMEA to utm 17 | o ] l l -
NMEA to nav
brwse x0x1y0y1 18 | - | | | | -
xyz to nav 19 | 2 | | | | r
GPS get list 20 | e | | | r
LLto UTM 21 | o | | | r
GPS get yaw 22 | e | | | | r
Ang, X, Y, XY to Vector | 23 | | | | | =
unitimarker [1 24 | L | | | | =
time window ns [ 12 25 | o | | | | -
les/
resamp\esdaerZ::f:aiE ’—326 next> | <prev | sortr | x0toxt | sortx | >:>> YD sorty | y0 t0ﬂy1
binary ¢ 8 bit del odd Xltoy0 | AL
resol. ¢~ 16 pit & 32 bit del even
Xy ~ recover

Survey type: & sort multichannel
w

interchange multichannel
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GSSI Dual Frequency Equipment Channel Separation

In the Edit Info File menu there is a button operation to separate the
dual frequency GSSI radargrams. The raw radargram are written as a
two tier multiplex radargram. For operations in GPR-SLICE this
multiplexed radargram can first be separated. @ The GSSI dual frequency
channel separation will extract the high and low frequency channels from
the multiplex raw radargrams and place these directly into the \raw\
folder. For the high frequency channel, the letter a is appended onto all
the names of the extracted radargrams, and the letter b for the low
frequency channel radargram names. After the extraction processes is
completed two separate information files infoa.dat infob.dat are also
automatically made. Because the extracted channels are made to the
\raw\ folder, additional pre-conditioning of the radargrams to remove low
frequency drift - wobble - in the pulses can be applied.  Several of the
DF radargrams are shown to have drift, indicating that wobble filtering or
bandpass filtering can be applied to the raw recorded data and will be
needed in processing for this dataset.

L))
File Reverse N
project

=]

avigation Slice Grid
folder | options
J- oL

~
108,08

infobat R

infob.dat
save edits

shift x0 | shift x1
10 “shiftyo I shift y1
times x0
times y0
rotate

times x1
times y1
append chr

GSSl get xy
GSSl to utm
GSSI Tstamp

GSSI Tstamp nav

GSS! dzg utm
GSSI dzg nav

GSSl get ts

Separate DF raw|

NMEAto utm
NMEA to nav
brwse x0x1y0y1
___xyztonav

GPS gel list
LLto UTM

GPS get yaw
Ang, X, Y, XY to Vector
unitmarker | 1
time window ns [ 62.85
samples/scan | 512
resampled scans/mark | 25
binary 8bit
resol ¢ 16bit @ 32bit

R
Suneyope T

Pixel Radar 3D vol

GPR-SLICE  Ground Penetrating Radar Imaging Software: onemoretest

lume Filter Static Animation Help

radar

= |
=

open

Edit Information File: \onemoretest\infob.dat

profile name x0 x1

output [\radar\ - GSSI13210 16 bit
GSSI32to 32 bit

o

gain 8471

lin.gan 170
€xp. 93"'{ 1 agc gain

scroll+ | z+ gain reset

scroll- | z-
check gain

Radargram Conversion: onemoretest

A=)

division

=)

yo yi

input  [vawlinfob dat
bRE1.DZT

bRE2.DZT

bRE2.DZT
store gain curve

——

chck gwob

start pt (1—16){ 3 make gain

right mouse-lock scan

scan#=

i breakpoint= 0
j0ain step| 2 gain = 1.

I

o
L4

|

[
@
& B

®NOD M BEWN -0
_§::
3I~I'<"A‘vm‘

|

©

=
&l
-4
&

B

g

g
g

.l

Il e N
E

I A R N R R B KA B
ol

S5 E 58
m§
2|
3|
2|2

|

o
5
~

95

@
2
2

import gain curve !

1 sample #= 2

bRE1.DZT

writing infoa.dat for high freq antenna

writing infob.dat for low freq antenna

new rad 52 o)
wiobble length
batch gain

batch gain-wobble

time (ns) =0.

binary # =-9371393

wobble length : 52

/}
g

DC Drift - wobble noise

wobble corrected
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3D Visualization with Imported Geophysical Data
(Resistivity, ERT, Seismic)

GPR-SLICE v7.0 has the capability to display any 3D dataset.
Although signal processing of imported datasets is limited to GPR
processing, many useful operations can be used. Electrical Resistivity
Tomography as well as traditional seismic data can be visualized in GPR-
SLICE. A special example of importing 2D resistivity profiles and
creating a 3D volume is detailed

1) 2D resistivity profiles are imported and gridded

Import 2D Geophysical Data:  Dr Rana RES - 0 Gridding: Dr Rana RES

ber of fil
——— X grid start =T input grd/dat ident v procassing
Geophysical input identifier [res I import raw data I & 0 gridding e Ires| hd graphics

X grid end ’537 number of slices [ 2¢ ETEAM - autoscaling
Geophysical output identifier import-despike-include help set 5[]°/
e Y gnid start | .14 starting slice # | 1 60% ¥
import-despike-exclude cell size @ draft
stagger length 0 - Y gridend [ | " fine

0 30 filename g
flagged value 0 grid cell size | 2 search ®» IR Irres3d ELEREDire
max spike | g (& broader
depth or interval 0 search type g S
ceclanuc) append identifier g double size

- X-search radius| 5 block gridding
import topography.dat « block size,u—
Y-search radius append identifier rfe
® > y.d comma delimited 5 y block s|ze|g— PP! surrer slice to surfer
(" xy.z,d comma delimited blanking radius ’5_ show blocks

(" x,z.y,d comma delimited

stagger length append identifier
" mukticolumn delimited gger length | o PP rotate/translate

skip n lines M rotation angle
> 0 . ® inverse dis. (" krigging L 0 M M
¥ column 1 (-/+) option inverse dist range ,_ . o
y start column 2 (-/+) option wt |2 e QEt ,L 0 (" fix data origin
z start column 3 (-/+) option ggsill ,2_ Y-translate 0 ® EEEET
n columns of y.z ’U— 1.2 (& translate header
file extension _dat
363 low pass output identifier grid1+agrid2
c q ) A T e
Time Slices: Dr Rana RES — 33 boeer subtract ard? identvol1 name max(gridi+agrid2)
filter type 3x3 high pass grd? identAvol2 name vol1+a*vol2
3x3 Laplacian a multiplier ’1_ max(vol1+a*vol2)
3x3 horz enhance (a=-99 for %change) rescale a*grid1

~
append identifier| | m
filter length | 1000 append identifier b- %

=0 |
g make blank file
0 5101520 2530 35 4045 50 55 60 65 70 75 80 SMEEEIT S | {0 730 fiter | _make blank fle_|
x (m) %min threshold | 0 L - append identifier ft- 2D-FFT filter

Irres2: mTﬂ )

3

-

0 51015202530 354045 5055 60 6570 75 80
X (m)

Irres3: 20m

0 61015202530354045505560 65707580
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2) A 3D volume is generated by interpolating the resistivity profiles.
The one problem now is that the y axis contains the actual depth
axis depth axis.

File Reverse Navigation Slice | Grid  Pixel Radar 3D volume Filter Static Animation Help
roject | folder | options 5
projs & 1 gr!d - - . . =
| grid - supersize Import 2D Geophysical Data: Dr Rana RES -
. | import 2d geophysical data |
i number of files | 2q
Pixel Mz import 3d geophysical data '
Geophysical input identifier res import raw data |
title1 identifier list | e R = e
import pi nclude
itle? identifer [jrag T Geophysical output identifier I"ES
aorab,.. import-despike-exclude
] start# | 4 stagger length 0 e lU—
grids | 3 rows | 3 draw facged value
C.overly [v'| Imes1.grd 99 0 max spike | g
. [v|Ires2 grd depth or interval 0
i -
g 3 Color Draw + 7 [imes3.gd
XU'[]— v lu—l— focus 2 import topography.dat
x1[ 0 yi| o v (@ xy,d comma delimited
. — (" x,yz.d comma delimited
d l— YZ,
new gridname | ab3.grd M‘ ( x.z.y.d comma delimited = =
Il gai —
overallgain [ Xform hg|pset|f0€"5 cout f— c ?':rioll‘::-;n dehmn:d identfier
romaaston O [ o ——— o [ e opien on et googe kmz
¢ absoluts 50% 83 0 200 [ lite isoL TEE y start column 2 {-+) option et
 ABSOLUTE gg: grid2d IGPSfxy p vI|7 fill  stat | expor z start column 3 (-+) option v Z-solid-beta
00% e ncolumns of yz |
100% file extension dat
autoscaling 110%
origin X[ 150 Y [ 150 |125%
length X[ 300 Y [ 300 ;gg:
shift X| 0 Y[o custom
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using the volume reconfiguration button on the 3D volume menu

3)Using a 3D volume pulldown menu and running the reconfigure XZY to
XYZ button will write a new volume interchanging the Y and Z axes in the

volume.

To get an equivalent number of grid cells in the new Y and X

axis the user must set an appropriate number of interpolations in
generating the 3D volume. In this example an interpolation of 40 grids to
be interpolated between resistivity profiles was required.
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are interchanged
to make the Z
axis the depth
axis.

Data Max

To acheive equal
lengths on the
new y axis and
the x axis, a
proper number of
interpolations in
the 3D volume
must be assigned

The archaeological geophysics field school offered by Consiglio Nacionale
delle Ricerche in Rome was sponsored by Salvatore Piro of the Institute of
Technologies Applied to Cultural Heritage at CNR and Stefano Campana of
the University of Siena. In this workshop we had an opportunity to use
the new IDS dual channel GPR systems which performed very well in the
field. Electrical Resistivity Tomography (ERT) was also collected on a test
site with GPR and we were able to process this data and incorporate
these results side-by-side in the Open GL Volume. Shown in following
figure is a Z fence showing a portion of the
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@ GPR-SLICE - Open GL Volume Display: CNR-IDS-Site

help setr°cusr chair|quad1 cut+| 0 cut-| color|gridiined| Horizon Net Prsp—|Prsp+|downI up |slow| fast| store jpg{ gian1- identfier
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@

IDS dual channel - multichannel configuration

test site imaged with ERT along with a GPR radargram from the IDS dual
channel system. ERT visualization is GPR-SLICE can be done easily by
simply importing XYZ-N.dat depth slices of ERT data (from the GPR-SLICE
Grid pull down menu), then gridding and interpolating these to generate
3D volumes. This particular example was made with just 8 ERT
inversions in depth. (There is currently one inconvenience in importing
ERT data in that the depth scale requires editing the 3D header *.hed file
associated with 3D volume to place a “fake” time window to give the
same apparent depth of the radargrams). Jessica Ogden of the British
School in Rome has recently been importing ERT data into GPR-SLICE to
make 3D images of the Portus Roman site.

The beauty of the ERT method at the test site was that the resistivity
probes were placed only on the boundaries of the site. This powerful
inversion technique of electrical waves allows for developing tomographic
models of areas within the perimeter of the resistivity probes. (ERT data
was collected and provided by Gianfranco Morelli of GeoStudi, Italy).
The large anomalies are rock filled test pits containing cylindrical pipe.
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GPR-SLICE Open GL Volume can also be used to visualize 3D seismic
data. Shown in an example in the following page is a seismic reflection
survey conducted by Mark Olson of Advanced GeoScience from Palos
Verdes. The preprocessed SEGY lines were converted in the Convert
menu using and then processed normally as GPR radargrams. The data
imported although it was already pre-processed, the GPR-SLICE filtering
menu is equally capable of producing signal processed seismic lines of
single fold data.

© GPR-SLICE - Open GL Volume Display: mark-folsom-seismic: ab3d.dat
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