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Quickstart Introduction: raw data to 3D volume

@GPR-SLICE: Ground Penetrating Radar Imaging Software: C:\GPR projects\treasure

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
gps track
BlueBox batch processing
BlueBox: load/save

BlueBox: basic

BlueBox: basic + RSP

BlueBox: basic + editing
BlueBox: basic + editing + RSP

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

BlueBox: xy decoupled volume + RSP

BlueBox: xy decoupled volume + editing + RSP

In this quickstart introduction to GPR-SLICE V7.MT 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 pulldown menu, and then left to right. The 15
general steps to produce a series 2D time slices are:

STEP 1. create new project
. transfer data
. create new information file
. edit info
. convert data
. reverse data (if necessary)
. set, correct, or assign navigation
. time O correction
. spectra+gain
10. bandpass filtering
10a. Optional: migration, Hilbert transform
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11. slice/xyz

12. gridding

13. grid smoothing

14. time slice display, transform adjustment, 3Dvolume
generation

15. launch OpenGL Volume

The first 5 steps are all contained in order within main Files menu.



Step 1. Create New Project

@ New Survey: CA\GPR projects\treasure - O

browse default directory H C:\GPR projects\

survey name \ treasure
New Survey Select Equipment Type
dat dir | \dat\ Noggin B
grd dir \grd\ Pulse Ekko
ing dir \ioa\ Pulse Ekko Pro
Jpg ! JPg SS Multichannel
3d file dir \3Dfile\ Mala
Mala Mira
raw dir | \raw\ Ma:a I(\:/I)i(r;a{ no multiplex
ir \radan\ aa
TR Mala CX12
resample dir ‘resample\ Mala X3M
filter dir | \filter\ Mala GX
migration dir ‘migrate\ Mala DualFreq
hilbert dir \hilbert :Bg Stream
boxcar dir \boxcar\ IDS Opera Duo
bandpass dir \Pandpass\ Leica
topo dir \topo\ SIR 20
regain dir | \regain\ 2:2 %goo
deconvolution dir ‘deconv\ SIR 3000
work dir \edit\ SIR 4000

whiten dir ‘Whiten\
nmo dir \nmo\

Clicking the Create New Project button will launch a dialog asking for
a default directory and 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:\GPR projects \treasure\. 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.



Step 2. Transfer Data

@ Import Data to Project: C:\GPR projects\treasure\ :complete - O

X

41 files found

filename \size (kb) ~
37RD41.DT1 106128

37RD41.HD 600

37RD42.DT1 106128

37RD42 HD 596

37RD43.DT1 106128 v
< >
file type: | ** v search append identifier

start from: ‘ C:\kisatchie\freshmaniraw browse import radargram data to \raw\ folder

After completing steps 1 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 reside

2) Click the Search button to display the files into the dialog (optional)

3) 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.



Step 3. Create New Info

@Create Information File:  C:\GPR projects\treasure -

filename \ info.dat Create Info profile name x0 x1 y0 y1
#offiles | 20 37RD41.DT1 0. 0. 0. 10.

file identifier | 37rd (eg. file_000) 37RD42.DT1 05 05 0. 10.
> R | 37RD43.DT1 1 1 0 10
gps file ext | gps : : : : :
gpsnmea |$GPGGA = 37RD44.DT1 1.3 1.5 0. 10.
coordinate sys | UTM-Universal Transverse Mercator v 37RD45.DT1 2 2. 0. 10.
1 37RD46.DT1 25 25 0. 10.
name start 37RD47.DT1 3. 3. 0. 10.

—— 37RD48.DT1 2L ] 0. 10.
37RD49.DT1 4. 4. 0. 10.

X cxy ¢ angc GPS vector 37RD50 DT1 45 45 0 10.
X start 0 X end ‘ o5 37RD51.DT1 5% 58 0. 10.
37RD52.DT1 5 535 0. 10.

Ystart |0 I 10 37RD53.0T1 6. 6 0. 10.
unitfmarkeq 1 time window ns[ 7.2 SRR g g & i
37RD55.D0T1 7. 7. 0. 10.

samples/scan 178 resampled scans/mrk 25 37RD56.0T1 75 75 g 10
binary resol.c g pit @ 16 bit ¢ 32 bit 37RD57.DT1 8. 8. Q. 10.
file list " 37RD58.DT1 85 85 0. 10.
37RD59.DT1 9. 9. 0. 10.

37RD60.DT1 9.5 9.5 0. 10.

append name | info.dat Append
~ Import - Create Info

*.* radargram extension

*.* radargram identifier + extension

*.* multichannel general

vector_survey_information.dat v

next> <prev

An information file is needed to detail the radar profile names and
their location on the ground. For a perfect rectangular grid, there is a
quick method to assign all the information.

1) One first sets the info filename to create, the type of survey (x ory
etc), the x start/end and y start/end

2) Click Import - Create Info button with *.* radargram extension
highlighted in the option listbox.

The last option will create an information file called info.dat with the
radargram file names and for this example a y survey. The option will
automatically discover all the radargrams with the given file extension
and place them across the ranges in x and y chosen.

(For GPS, one would set the survey to GPS and then click the Import -
Create Info button).



Step 4. Edit Information File

©)
profile name x0 x1 y0 y1 division
infobak. dat
1 |37RD41.DT1 c |0 0 0 10 r
2 [37RD42.0T1 (05 05 [o. [10. r
info.dat 3 37RD43DTI R 1 0. 10. -
save edits
4 |37RD44.DT1 o (15 15 0. 10. r
shiftR{Eshiftox B MnameE 5 [37RD45.DT1 c [z 2. 0 10. r
hift yO | shift y1 -
[ 3 ESiftvOINShifiya N Mnaine 6 37TRD46.DTI - [25 25 0 10 r
times x0 times x1 insert
times y0 times y1 delete 7 |37TRD47.0T1 cos 3. 0 10. r
rotate append chr | del Nth 8 |37RD48.DT1 c |35 35 0 10 r
del minGPS 9 [37RD49.0T1 4 (4 [0 [10. r
10 | 37RD50.DT1 c |45 4.5 0. 10. r
SS get xy | SS getts 11 | 37RD51.0T1 c |5 5. 0. 10. r
SS to utm 12 |37RD52.DT1 c [55 55 0 10. r
SS to nav SS separate 13 |37RD53.0T1 - I8 6. 0 10 -
0 e 14 |37TRD54.DT1 c |65 6.5 0 10. r
€ unicode 55 header info x 7 7. 0 10 r
nmea to utm 75 7.5 0 10. r
nmea to nav “+ updating new time window found in *hd file to 80ns *** 8. 8 0. 10. r
filter nmea 85 85 0. [10. r
brwse x0x1y0y1
xyz to nav oK 8. o 0. 10. r
gps update list 9.5 9.5 0 10 r
Il to utm show gps file 21 ‘ c r
gps get yaw show file header 22 ‘ - r
23 C r
Ang, X, Y, XY to GPS or Vector ‘
24 | c r
unit/marker | 1 25 ‘ - r
time window (ns) ‘ 71.2
samples/scan | 178 next> | <prev | sortr x0tox1 | sortx X>>y sorty | yOtoyd
resawpled scans/mark ‘ 25 del odd x1to y0 rev file
binary ¢ 8 bit del
even
resol. & 16 bt 32 bit = x0-east | 0 georeference info
X 'S recover yO-north | 0 ** start/end utm of file 1
Survey type: _ T o o xl-east | 0
Xy v adjust to single marker @ I yl-north | 0 utm znne‘ 0

In the Edit Info File menu, the user can edit line length or redefine

line lengths based on the survey wheel calibration.

is to

The first operation

1) Click the button called ### Get TS which will read the radargram

header to find the recording time window and the samples/scan for
the radargram data. (Every manufacturer will have this similar
button) The ### Get TS button will also test to make sure all the
radargrams have identical recording parameters - if not it will return
a warning

2) Optional: If the user wants to use the survey wheel calibration they
can click the #+## Get XY button which will read this information and
based on the Optins menu set range unit, will place this information
in the information column.

Optional: For GPS surveys click the ### to UTM button for most
manufacturers to generate the navigation files



Step 5. Convert Data

) Noggin 16 bit + gaining + format conversion: C:\GPR projects\treasure

scroll+ | z+ gain 252.5 gain reset
3 _ lin.gain 0 " 37RD41.DT1 A new rad
scroll z o constant gain 37RD42 DT1 .
i exp.gain | i
76'186'( eI gdg galrll | store gain curve batch gan | wobble length
chck g/wob start pt (1-16) 1 make gain TETAET G batch gain-wobble :
right mouse-lock scan scan#= 37 sample # = 105 time (ns) =42. binary # =796
breakpoint= 1
gain = 122 37RD41.0T1 wobble length = 20
gain step | 1
0 1. + ] = =
1 12 + i g [T T T =
2 |14 +] i )
3 1. + lf. /,> f,::
4 22 o+ << <l
9 -|86 4| __3 S
6 -|244 +]| 9 b
7 - |474 + T =
8 -[679 | . T P
9 -[1077 +] ::: <<[>-
10 - [171.3 + | == =
1 -1190.9 +| f =
12 - [200.1 +| 3 _ %?
13 -[1925 +| ' == |
14 - (2027 +| 3_
15 - [197.2 +]
16 - [200.1 ] G G
wobble wobble

removed

All GPR manufacturers’ data needs to be converted to GPR-SLICE
format. We typically will not apply any gain in this menu since we need
to correct for time 0 across the dataset first. One can use this menu to
optionally apply an AGC to look at the signal. If the sighal shows a lot
of dc-drift or wobble noise, they can use the button batch gain- wobble.
If the data do not show dc noise, they can use just the button batch
gain.

1) First click the AGC button to apply a gain to see if there is significant
dc-drift and wobble noise. The example above shows significant
wobble noise. So for this data we should apply a pre-conditioning
to the data on conversion with batch gain - wobble button.
However, we must not apply any gain during conversion. See next
step.



@ Noggin 16 bit + gaining + format conversion: C\GPR projectsitreasure

scroll+ | z+ gain| 2525 I gain reset
3 _ lin.gain| 0 . 37RD41.DT1 ~  new rad
scroll 2 g constant gain A7RD42 DT1 .

exp.gain| i i
check gain P.g 0 agc gain store gain curve batch gain wobble length
chek giwob start pt (1-16) 1 make gain T A EE I batch gain-wobble :

right mouse-lock scan scan#= 91 sample #= 1 time (ns) = 0. binary #=0

breakpoint= 1
gain = 1 37RD41.DT1 wobble length : 20

=
o

jain step | 1
=]

0 1. * ﬂ_ré;b
i = ER + S a——
2 1+ <7
3 -11. +
a4 -1 " Noggin Batch Conversion
5 _[1. T+
6 -|1. + .
7 |1 " input radargram \raw\37RD57.0T1
8 1. Z converted radargram \radar\37RD57.DT1
9 1 +
10 1 + .
1 [ = processing file 17/20 scan 12/ 201
12 -1 4]
13 1 +
14 _| 4| cancel

.

+

-
[=2]

2) Click the gain reset button to remove all gaining on the radargram

3) For this data click the batch gain — wobble button to convert the data
with dc-drift / wobble removal which will remove the low frequency
noise. The converted radargrams are written to the the \radar\ folder
of the project

Optional: Some manufacturers that record 32bit radargram resolution,
one can apply a constant gain across the data to see in the initial pulse.
Typical 32 bit radargrams from GSSI are actually recorded with about
24-25 bits of resolution even though the data are 32 bit designation. To
see the initial pulse in the window, one may need to apply a constant
gain of 100-500 for it to graphically appear. Mala and UTSI 32 bit
radargrams typically do not need any constant gain applied since these
radargrams have more native resolution in the raw radargrams and the
initial pulse will appear in this menu.

Note: Since 2013, GPR-SLICE has provided full 32 bit processing
through all the menus in the software.



Step 6. Reverse Data (optional)

O]
reverse files

rev info file info.rev
radargram dir | \radar\ r 37RD41.DT1
# of profiles 10 37RD42.DT1 = |37RD42.DT1
— |37RD43.DT1
EavElediG 37RD44.DTA 37RD44.DT1

upside down . v .
— | 37RD45DTI
37RD46.DT1 = | 37RD46.DT1
- 37RD47.DT1
oid 37RD48.DT1 - | 37RD48DT1
37RD49.DT1
even | r
37RD50.DT1 | 37RD50.DT1
LLLU all | —  37RD51.DT1
37RD52.DT1 = | 37RD52DT
Hm# — | 37RD53.DT1
37RD54 DT1 < 37RD54.DT1
al ly even name v

— | 37RD55.DT1
rbH? odd name | 37RD56.DTA @ |37RDS6.DT1
— |37RD57.DT1
r1LI:IF eveninterval | 37RD58.DT1 | 37RD58.DT1
r1 LET odd interval w [EHREAI
5 37RDE0.DT1 = | 37RD60.DT1
Reverse Radargrams X

Last reverse executed on: 02-02-2019  16:22:23
Total number of files reversed=

37RD42.DT1 total number of scans= 201
37RD44.0T1 total number of scans= 201

Reset Reverse Log

If radargrams in the field were collected in the reverse direction or
in a zig-zag direction, the reverse process can be used to un-reverse

them.

1) The radargrams that were collected in the opposite direction are
checked on manually, or using some of the quick buttons available

2) Clicking the Start Reversing button will flip all the radargrams around
that were collected in the opposite direction (and rewrite them in the

\radar\ folder)

Reverse Process Completed

oK

next> <prev
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Step 7. Set Navigation

@Nawgal\on: CAGPR projects\treasure -

Markers
Profile Name Markers  Tagged Errors x0 x1 y0 y1
- 37RD41.DT1 11 1" 0 0 0. 0. 0. 10.
\radan 1. Artificial Markers. 37RD42.0T1 PP " 0 . 05 05 0 10.
37RD43.DT1 11 11 0 e 1 1 0. 10.
37RD44.DT1 11 11 0 C 15 {15! 0. 10.
2 Field Markers 37RD45.DT1 1 1 0 C 2 2. 0. 10.
37RD46.DT1 11 11 0 C 25 25 0 10.
edit | 37RD47.0T1 1 1 0 C 3 21 0 10.
37RD48.DT1 " 1 0 c 3.5 3.5 0. 10.
37RD49.DT1 11 11 0 s 4 4 0. 10.
3. Interval Markers
37RD50.DT1 11 11 0 C 4.5 4.5 0. 10.
scans/marker= | 0 37RD51.DT1 11 1" 0 C 5 5. 0. 10.
37RD52.DT1 11 1 0 C 5.5 515 0 10.
37RD53.DT1 11 1 0 C 6 6. 0 10.
o ERNETar e 37RD54.DT1 1 1 0 c 65 65 0. 10.
37RD55.DT1 1 1 0 c 7 7. 0. 10.
37RD56.DT1 11 11 0 e 7.5 75 0. 10.
37RD57.DT1 11 1 0 C 8 8. 0. 10.
37RD58.DT1 1 11 0 C 85 85 0 10.
37RD59.DT1 11 1 0 C 9 9. 0 10.
37RD60.DT1 1 1 0 c 9.5 9.5 0. 10.
next- | <
Navigation - Artificial Markers  02-02-2019  16:32:20 ~
radargram directory = C:\GPR projects\treasure\radar\
total number of files = 20
37RD41.DT1 scans=201 markers= 11 errors=0
37RD42.DT1 scans=201 markers= 11 errors= 0
37RD43.0T1 scans=201 markers= 11 errors= 0 v

The next step is to set the navigation:

1) For data collected with a survey wheel the set navigation should
always be Artificial Markers. This button will place marker tags on
the scans to define the range units recorded. In this example, a 10
meter profile will have 11 markers assigned across the radargrams a
1 meters marks. (Note for fractional line lengths, the markers are
located at fractional locations and not exactly 1 range unit)

2) Optional: For GPS surveys the user will click navigation options #4
GPS/Vector Scan # which will tag those scans with the synced GPS
navigation.



Step 8. Time 0 correction

@GPR-SLICE Ground Penetrating Radar Imaging Software: CA\GPR projects\treasure

File Reverse Navigation Slice Grid Pixel Radar 3d volume Filter Static Animation Help

project| folder | option | 7 radal 24 radargrams

:IZI: P slice = split screen: radar-time slice

radargram editing

radar cylinder warp

radar tunnel warp
vector radial tunnel warp
vector longitudinal tunnel warp

OpenGL 3d radar vector tunnel

vector circular survey

3d radargram direct pulse volume

Time 0 must be edited from the radargrams before we can apply
range gain. Open the Radargram Editing menu found on the main
Radar pulldown menu:

1) Set the input directory (\radar\), the threshold for determining a time
0 trigger, and the method between 1-3 for defining the ground wave
reflection. In this example, method 1, with a threshold of 0.2 (e.g. 20%
of the maximum signal) is used to trigger time 0 detection.

2) For data where time 0 is relatively constant along the radargrams, but
time 0 might be changing between radargrams, the time 0 correction
button Auto Ons line-by-line truncate is clicked to detect time 0 and use
the median value across each individual line.

3) After the time 0 is detected the software will prompt the user with the
radargram profile with the minimum and maximum sample detection for
time 0. Clicking the OK button in this message box the software will
start time O correction. The graphic window can be engaged to see the
time O editing process on each radargram.

4) If the user likes the time 0 editing operation, another message box
comes up after deleting the graphic window and will ask the user if they
want to update to the new infoedit.dat file. Click OK to do this (or no
to redo time 0 corrections with different settings).



@p-:—rv ning file 20 of 20 for offset range

N\edit\
sample start | 3
end 178

\edit\

\edit\

method

azra\J\
3

Threshold(.05=>5%)
start from sample N
backup Nsamp

truncate samples

append

ident
truncate horizon1

auto Ons
line-by-line +
truncate

auto Ons
scan-by-scan +
truncate

.2

10
0

® method 1: Nthreshold breach - Nsamp
 method 2: Npeak response - Nsamp
© method 3: Nzero crossing - Nsamp

\edit\

scan resamp |

new scan length| 200

\edith

truncate scans |

start scan | 0
end scan | 0
\nmo\
vel (m/ns) .099
TxRx (m) chan 1:

append
ident

tsamp-

append all radargrams |

append name

N

*** copies of \edit\ folder radargram operations made to the \work\ folder

input directory
\radan\
\resample\
\filter\
\migrate\
\hilbert\
\boxcan
\bandpass\
\topo\
\regain\
\deconv\
\work\
\whiten\
\nmo\

o e liis Biie e Bie Bie Bie Bie Bie e e BN |

info.dat

37RD41.DT1

37RD42.DT1

37RD43.DT1

37RD44.DT1

37RD45.DT1

37RD46.DT1

37RD47.DT1

37RD48.DT1

37RD49.DT1

37RD50.DT1

37RD51.DT1

ATmEEA mTa

Line-by-line time 0 offset

\topo\*.hoz time 0 line-by-line offset files generated via median values

min time 0 sample= 21
max time 0 sample= 23

37RD43.DT1
37RD57.0T1

|

Radargram Editing

*** switch to C\GPR projects\treasure\infoedit.dat information file

Yes No ‘

 scan-by-scan
@® line-by-line

_next> | <prev |




Step 9. Spectra+Gain settings

M riltering:  CAGPR projectsitreasure |
i migration
\mlgrale\ c input directory infoedit.dat
velocity model  constant ﬁ 5 .
oo [OR] e - [ s |
velmns [p.09g _Kirchhoff £ 2 -
width | 23 h ¢ Milter\ © | 37TRD43.DT1
ain [ 4 l  \migrate\ | 37RD44.DT1 process 1: | bandpass -
sample Q4| 4 oearch  \hilbertt - |37RD45.0T1
stat |3  end| 178
" = ¢ \boxcar\ © |37RD46.DT1
dip angle limit | 55 « _
— ¢ \bandpass\ © | 37RD47.DT1 process 2: | kirchhoff migration ﬂ
\hilberty hilbert | \topo\ | 37RD48.DT1
& magnitude E;ﬂ  \regaink  [37RD49.DT1
C absolute LU | ~ decomA ¢ | 37RD50.DT1 process 3: | hilbert -
Vilter\ autoset [ backgrnd & edity © |37RD51.DT1
length | 99000 0 |  \wark\ © |37RD52.DT1
sample start| 3  ‘whiten\  |37RD53.DT1 | process 4: | ~|
sample end | 178 backgrnd || @) 8andpass Filter Settings:  CAGPR projects\treasure
i '—,ﬁ | z+ | scroll+ gain| 263.75 gain reset 37RD41.DT1 |
| z- | scroll- lin.gain 0 constant gain ) . T export asc
. slore gain curve T
\bg;f:r\ boxcar exp.gain 0 age gain - ng -
Wi 0 import gain curve
start pt (1-16)| 1
height 0 Pt (1-16) make gain help set
T — ot
\whiten\ whiten-gain whiten st
hicut [ 553 [ .05
\u—cut\ 104 MHz i
\bandpass\ spectra |bandpass
il O
\regain\ regain -
H-Cal Divibeta 0 -1 H| -
ans 1. + k
\deconv\ |~ bandpass cepstrum 2 -1 t )
deconv gain 3 |27 + By
in S =i \
impulse  spiking decons/w |5 24. I o
5 B e = |||
== 7 -[s97 4 i
decons=w ||8 -[921 + 4
9 - [13a. + "
10 - [180.5 4]
1 =] 190.2 =
12 - 1887 +]
13 - 1936 +
14 - 1976 +
18" lan =

Range gain and bandpass filters need to be applied to the

radargrams via the Spectra+Gain menu.

1) Enter the Spectra+Gain menu and click the AGC Gain button
to make a possible gain curve. Adjust the gain curve manually

if so desired

2) Set the lo-cut and hi-cut frequencies desired to bandpass the
radargramsusing the left mouse button and the right mouse

button the red plot - spectral curve



Step 10a. Bandpass Filtering

\migrate\ migration

input direct infoedit.dat
velocity model  constant Input directory infoedit.d

-
dielectric [9.18 -I o adan [ S7TRDA41.0T1 RSP batch
kirchhoff | ¢ \resample\ c |37RD42.DT1
vel m/ns | 0.099 -
width [ 23 ’1 ClifMtter) [®) Bandpeass Filtering st =]
ain [ 2 ¢ \migrate\
sample 0 . _search ¢ \hilbert
start 3 end| 178
dip angle limit | 55 -‘ © LD
- ”p Y ME VS AN ¢ \bandpass\
\hilbert\ hilbert | ~ \topo\
@ magnitude @  \regain\
¢ absolute A | ¢ \deconw\
\filter\ autoset v backgrnd @ \edit\
length [ 99000 I:O:l ~ \work\
sample start| 3 ~ \whiten\
sample end | 178 backgrnd | ¢ \nmo\

EE[ starting radargram# | 15
ending radargram# | 15
boxcar

\boxcar\ [~ multithread processing
w?dth[ 0 [+ processing graphics

helghq 0 40%

\whiten\ whiten-gain whiten L) 2 gg:f’

hi-cut [ 553 05 —O—} originx[ 120 y [60 700

lo-cut [ 104 MHz length x\ 1000 y [550  g0%

\bandpass\ spectra |bandp shiftx| 4020 y (620  90%

PO

ain 110%

=9 125%

\regain\ regain 150%

_ 200%

H-Cal Div/beta E 300%
custom

\decon\ [~ bandpass cepstrum

deconv gain export

["100
impulse  spiking |decons/w

EolE

deconssw \deconv\ fk fil

With the spectra+gain setting made the next step is to run
bandpass filters on all the data:

1) In the Filter menu clicking the bandpass button will apply range gain
and simulataneous bandpass filtering. The processed radargrams
are written to the \bandpass\ folder of the project.



Step 10b. Optional Processing

O]
\ te\ migration !
ver?;gcritayemo delt [constant o input directory infoedit.dat
dielectric [9.18 -I Cljjadan £l DA DI RSP batch
- kirchhoff ¢ | \resample\ ¢ | 37RD42.DT1
vel m/ns [0.099 irchho
width | 23 f’\l ¢ |Vitten b }ZBQA:;'D“ e
i 7 ¢ \migrate\ ¢ |37RD44.DT1 process 1: ibandpass v
:3;:!0'5, 3 Ohil s search ¢ \hilbert\ © |37RD45.DT1
dip angle limit | 55 /_\ | ¢ \boxcar\ © [37RD46.DTA
- = @ \bandpass\ ¢ |37RD47.DT1 process 2: | kirchhoff migration R
\hilbert\ hilbert | ’
. Hyperbola Search: ~ C:\GPR projects\treasure
@ magnitude l @ bl h
¢ absolute U 1 37RD55.0T1 - x pixels | 800 range start | 0 radiusm= | 0 | [~ green bars nl 0 C
\filter\ autoset [ backarndil elocity @ constant y pixels | 600 range end | 10 TxxR,m = 0 C hyp n2 0 ¢
length [ 99000 g Fmoda © block reset resize/redraw scroll \ migrator width Ons sample 3 € hyp+tail N-skip| 0 C
0 e b T
sample start| 3 = 0 | PtLdel|c profie ~ calculate] g, gl limit| 55 | 2?{’;:2;::}2] o gs::;zz (1) :
sample end | 178 backgrnd | compile hyp amp [ hyp1.dat migr. gain| 4 test migration import hyp
m 5.

\boxcar\

width 0

height 0

\whiten\ whiten-gain whiten
hi-cut | 553 05

lo-cut | 104 MHz
\bandpass\ spectra bandpass B

g0 ]

\regain\ regain

H-Cal Div/beta
\decon\ I~ bandpass

deconv gain
[100

0 051 152 25

decons=w

There are many radargram signal processes that can be applied in GPR-
SLICE Software. For this data one can optionally do migration and
perhaps Hilbert transforms before making time slices

1) For migration, first enter the Search menu to set the hyperbola
matching with the mouse or mousewheel and also set the migrator
aperture with the slider bar. The radargram size can be adjusted
with the X and Y pixels settings if necessary. (The velocity model
can be constant, profile or a block velocity model. To chose profile
or block velocity models, the user can use the right mouse clicks at
different depths in the radargam followed by clicking the Calculate
button to set the velocity model. For simple constant velocity models
the user simply leaves the velocity model on constant and choses a
velocity with the mouse before exiting the menu)



@

start [3  end| 178
dip angle limit [ 35 +|
\hilbert\
© magnitude
¢ absolute
\filter\ autoset v
length [ 99000

sample start| 3

sample end \ 178

\migrate\ migration
velocity model  profile W
dielectric [5 939
vel m/ns W kirchhoff
width 32, I A
sample gain | 4 search

\boxcar\
widlh[ 0
heighﬂ 0
\whiten\ whiten-gain

hi-cut | 553 | .05

lo-cut | 104 MHz
\bandpass\ spectra

Fain][ O

\regain\

100

yAY

="=

backgrnd

:

backgrnd
0=]

boxcar

whiten

bandpass

regain
H-Cal Div/beta E
\deconw\ [ bandpass cepstrum
deconv gain
=
impulse  spiking |decons/w
EolE s
decons-w

2) Optional:

button to preview how the migration will look.

input directory

\radar\
\resample\
\filter\
\migrate\
\hilbert\
\boxcar\
\bandpass\
\topo\
\regain\
\deconv\
\edit\
\work\
\whiten\
\nmo\

e (ke e Tie ie Nt )

PO YEIRY Y

S

starting radargram#
ending radargram#
™ multithread pro

[v' processing gra

#ofrows | 2
originx| 120 y | 60
length x 1000 y [550

shift x| 4020 y 620

export ||

\deconv\

infoedit.dat

37RD41.DT1

37RD42.DT1

37RD43.DT1

RSP batch

@ Migration

With the velocity set one can click the Test Migration

If it looks good, then

proceed to run migration in the main Filter menu across all the
radargrams in the info file.

Diffraction stack migration or Kirchhoff
migration are available. Kirchhoff is recommended.




(ORI PR proj T

\migrate\ migration
velocity model | profile W
i ic | 5.939
velmins [0123 _kirchhoff
sample A |4 search
stat [3  end| 178
dip angle limit | 35 | /i:\‘

\hilbert\ hilbert
@ magnitude @
¢ absolute I

\filter\ autoset [v
length [ 99000
sample start| 3
sample end | 178 backgrnd

backgrnd

i

:

\boxcar\ boxcar
height 0 _ i
\whiten\ whiten-gain - hiten

hi-cut [553 [ .05

lo-cut | 104 MHz
\bandpass\ spectra | bandpass

|0

| \regain\ regain

H-Cal Div/beta g

\deconw\ " bandpass
deconv gain
100

B

cepstrum

Ise  spiking |decons/w

decons=w

0
input directory infoedit.dat
¢ | \radar\ @ |37RD41.DT1 RSP batch
¢ |\resample\ C | 37RD42.DT1
| Vilter\ © | 37RD43.DT1
@ | \migrate\  |37RD44.DT1 process 1: | bandpass ~|
i [@) Hilbert Transform [m] X

migrate' 37R

“ I'kirchhoff migration ~|

hilbert ~|

=

[ El

5

[ =
reset log

~

3) Optional: Apply a Hilbert transform to the migrated radargram data.




Step 11. Slice / XYZ

Step 11 is the heart of GPR-SLICE operations for coarsely spaced
single channel sureys, where time slice datasets are created. 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 \hilbert\ folder. The general steps are:

1) Set the radar folder to slice

2) set the time slice overlap (in this example 50% overlap)

3) set the number of time slices

4) click Help Thick to set thickness

5) set the bins per mark (in this example 4)

6) set bin parameter - usually abs(amplitude)
5a) optional: click the Show Example button to see the slice
overlap and binning settings

7) set the identifier to name the time slices

8) start the slice/xyz process

[@) slice and Resample:  CAGPR projectsitreasure - m]
files to slice | infoedit.dat
slice files time window-ns depth-cm (v=0.08m/ns)
input directory — al.dat 0597 0.-23.87
 \radan slcenyz a2 dat 29887 11.6-35.47
© Miltery a3 dat 58-11.77 23.2-47.07
L :;":g’a‘:"‘ ad dat 8.7-14.67 34.8-58.67
lice le/
: Ll | a5 dat 161757 46.4-70.27
\boxcar\
 \bandpass\ slice/resample a6 dat 14.5-20.47 58.01-81.87
 \topo\ a7 dat 17.4-23.37 69.61-93.47
© \regain\ Bluebox Run a8 dat 20.3-26.27 81.21-105.07
 \deconv\ "
@® slice/xyz a9.dat 23.2-29.17 92.81-116.67
c et | resetlog |
= " slice/resample/xyz al10.dat 26.1-32.07 104 41-128.28
© \whiten\ ~
© \work\ all.dat 29.-34.97 116.01-139.88 Slice/Ri le Processing,
resample dir  \resamplet glod S 2l last executed on 02—02—2019 17:42:20 7 )
resampled scans/mark ’7 a13.dat 34.8-40.77 139.21-163.08 information file= C\GPR projectsitreasurelinfoedit.daf
i 25 14.dat 37.7-4367 150 81-174.68 radargram folder= C:\GPR projects\treasure\hilbert\
show example | ats.da S S number of files= 20
. al5.dat 40.6-46.57 162.42-186.28 new scans/mark= 25
# of slices -24 help slices - =
[ CEneE| al6.dat 43.549.47 174.02-197.88 ;‘[:(’:"kﬁ's‘;f;"r“nﬁe‘sz 2
thickness:samples | 15 ns [5.97 | help thick | overiap al7 dat 46.4-52.37 18562-20948  thickness (ns)= 7.16
sample: start | 3 end | 178 178 samples/scan a18.dat 49.3-55 .27 197.22.22108  samplestart = 3
sample end = 178
I EEE B search Gns | a19.dat 52.21-58.17 20909230 E0  inmesmantor = e
~20.dat 55116107 -@ Time Slice Windows  CA\GPR proj...
effective time-ns 69.61 70.8 . :
a21.dat 58.01-63.97 .
bins per mark [ 3] 0.25m o orees— | ] show bins per mark 4221
bin parameter [abs{amplitude) ~ a23.dat 63.81-69.61 [
a24 dat 66.71-69.61 STRO41.DT
file identifier [a xyz | @ : — I“r"‘ #I_ IZTZI 1
%max cutoff | 100 xyz O-mean-line c next> | <prev. 2; 2 :
—_— a4
%min cutoff | 0 xyz 0-mean-grid ‘ c 3? a6
8.
xyz histogram C 2348-1-

al?
xyza vector 3d (of a1:344



Step 12. Grid the Time Slice *.dat Files

@
I™ multithread processing slice files window-ns grid processed grids
[¥ processing graphics \ ail.dat |0.-6 | a1.grd
e ? SHrondding input grd/dat [a -] [a2.dat (2888  |a2grd
Xgridend | 10 SR (B 40% ~ autoscaling | a3.dat 6.-11.9 |a3.grd
help set | a4.dat 88147  |a4.grd
Y grid start | 0 starting slice # | 1 60% i |
cell size @ draft —nar | a5.dat 111.5-17.5 |a5.ard
Ygridend | 10 C fine
grid cell size | .05 search € standard
@ broader
search type it I o
VP block gridding

X-search radius | 1.25
Y-search radius | 1.25

blanking radius | 1.25

X block size 0
y block size 0
x overlap size | 0
y overlap size | 0

stagger length | 0 show blocks
variogram
G oI
inverse dist | & Inverse dis. krigging
wt|l 2 range | 1.2
nugget| 2
sill| 1.2

Inverse Distance

input data a8.dat

number of data 800

output grid a8.grd

grid size 200 x 200
processing 50% complete

cancel

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 and smoothing factor of 2
Optional: one can choose Kriging interpolation - for this one needs
to also use the Variogram button to set the appropriate parameters
(range, sill and nugget)

2) Set the cell size draft quality (for example) and broader search

3) Click help set button which will automatically choose set gridding
values such as the start and end values for the grid, the cell size,
search and blanking radii

4) Clicking the start gridding to begin the gridding process.



Step 13. Apply Low Pass Filter to Time Slices

O]
[™ multithread processing slice files window-ns grid processed grids
r ¥ processing graphics 0.-6. al.grd la1.grd
X grid start | 0 i
g ‘ startgridding input grd/dat [a | 2688 a2.grd la2.grd
X grid end % ~ autoscalin, =
gri [ 10 numbercraicesyl 7 g 6.-11.9 ‘aSQrd la3.grd
helpset | o 88147  |adgrd la.grd
Y grid start | 0 starting slice # | 1 60% T
| Colleize @ draft ~na 11.5-17.5 |ab.ard la5.ard
Y grid end ‘ 10 ¢ fine )
grid cell size ‘ .05 search ¢ standard
@ broader
h t s ——
search lype block gridding
X-search radius | 1.25 X block size 0
— block si
Y-search radius | 1.25 Jesat
| x overlap size | 0
blanking radius | 1.25 y overlap size | 0
stagger length | 0 SIOWDIOCKS
variogram
inverse dist °_inverse dis © krigging
w |2 range | 12
nugget| 2
sill] 1.2

3x3 low pass

3x3 hxgh Eass
filter type

p
5x5 high pass

9x9 low pass v
append identifier D
filter length ‘ 1000
%max threshold | 100 start 3D
%min threshold | 0 | Lrsp-a-3d.dat

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.

1) Set the Append Identifier for the grid filter smoothing

2) Choose the desired low pass filter (usually 3x3 or 5x5 low pass)

3) Click the Start 2D filter button



Step 14. Display Time Slices, Adjust Transforms and Generate
3D Volume

)
title1 identifier list| la v
title2 1 identifier | 1a example:
i aorapb,.
stal
ords [24 rows [6
- -
overlay c.overly |
grid# | 8 color draw + at: 0.0-6.0ns 0.0-23.9cm a2: 28-88ns 11.1-35.0cm a3: 6.0-11.9ns 23.9-47.7cm a4: 88-147ns 35.0-58.9cm
%thres| 75 depth thres. 0 23645 21350 0 16680 0
x0[ 0 yo| 0 [~ focus E E E E
[0 yi[o = 20313 = 22031 = 13315 =,
new gridname | ab3.grd append 2 | 2
overall gain 1 xform 98 40 6.0 & 5 o o L 0 2 50 8 o % 00 20 4u eu 80100
@ relative normalization ~ 40% ~ -17.5n 2000, a6 1470 708 58 9.8 Zon a7 17 523 En 03 i
 absolute 50% A0.0 : ><
¢ ABSOLUTE 90% \
70% e et ¢ shading off reverse color
absmax [0 T | redraw ‘ : @ shaded color u |
abs min 0 90%
( 100‘:% 204 save all P : lo-cut -
autoscaling 110% o6 . /  shaded relief
onginx\ 50 Y 150 125% ITEYRTETE] savefrom focut=0 [ i I Ficut=88.97369 3 80100
150 150 4 X(m) | ’—1 L
length X[ 600 Y [ 600 ;ggnz . 29: 23.5:20.4n5 9 m-H‘H |Rj1 bns 128.9-152.7cm
shitX[ 0 Y[0 102 coRptbe mﬂﬂﬂﬂﬂﬂjﬂﬂﬂﬂ i
8 + avg=43.9 std.dev.=15.
C tif C bmp © jpg world file
Cpng ©off C dxf kmz file
:creen ©last all utm zone logarithm
UMP -~ auto identifier : square root
identifier |aa opacity | 1009 2 :
cosine
Cutm C latlon ® off linear
xsw [0 xne [0 bipotart
y-sw | 0 y-ne bipolar2
xse |0 X-NW bipolar3
yse |0 y-nw bipolar4
3 5 7 square
interpolations 4 identifier i q

la-3d.dat interpolate+3d file 7
0.0 ! f*fi'

@ 16 bit integer

" 64 bit floating pt direct 3d file

normalized amplitude= 0 breakpoint = 0

Sl autogain ‘ ts-transforms.dat __input grid transforms

Nstd.dev | 3 ts-transforms.dat backup grid transforms

002040608
Ml auto-gain-all

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.

1. Choose the desired grid set identifier listbox

2. Draw the time slices to the screen using a desired number of
rows and screen size

3. Left click the graphic to bring up the transform menu

4. Click the Auto-Gain-All button to set balanced - normalized

transforms
5. Click the Interpolate+3D File button to generate a 3D volume



Step 15. Launch OpenGL Volume

[@) GPR-SLICE - Open GL Volume Display: la-3d.dat - ] X
helpset I focus cout color| up | In0 | dn | xfm || '\ psp- | psp+ It rt  dn | up ‘ bmp | jpg | identfier
[o \0_ \0 transp ———— xy — —— v-xm hﬂ net nzFﬂ’! i speed make animation ‘ georef kmz+bpw
|10 [10 [69.61 lite iso-L| 75 iso | x| Y| Z | H| rxm||vadan hd step- | step+ | bounce | store  rotxy| - | rot-z | +|traj amm‘ set | georef kmz+bpw batch
gndzd{ > stat | export 3D O | S | R |37RD41.DT1 vz | clear| fitle v Z-solid zsca

@ GPR-SLICE - Open GL Volume Display: Irsp-a3d.dat

helpset f"F‘JS ceut | color | up | In0 ‘dn xfm > psp- | psp+ | It | rt ‘ dn \ up bmp| jpg |ii identfier
0 0 0. ftransp b——— yy [— v-xfm hw net |n2JEEl ¢ T - — speed |————  make animation | google kmz |
10 10. 72. [“ite isoL| 8 iso | X ‘ Y ‘ Z | H | rxfm ||\bandpass\ v step- | step+ | bounce ‘s(ore ro(»xy} rot-z | trajanim. | set | google kmz balch‘

grid2d | ~| stat | export 30 | o] s | R[37RD63DTI = clear | title | [~ Z-solid




