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Introduction for Multi-Channel GPR Systems

RET .

R

GPR-SLICE v7.0 Multi-Channel

photo courtesy of Daniela Hofmann, Entrys Group GeoRail Division,
Germany www.entrys.de

high-frequency array STREAM 2 GHz

-16 antennas, 8 pol. H-H , 8 pol. V-V

-Spacing 10 cm between channels
=> equivalente to 4 cm resolution

- Width 91 cm, effective swath 70 cm

Photo courtesy of Gianfranco Morelli and Alex Novo,
GeoStudi Astier (www.geoastier.com) and IDS of
Italy

GPR-SLICE can process data from the following Multi-channel GPR systems,
including:

Proceq

IDS

Mala

3D Radar
Impulse Radar
RPS Australia
ISUNG

GSSI SIR30



GPR-SLICE is completely integrated with all these manufacturers’ proprietary
GPS navigation format, including total station formats. Specialized buttons
open up GPR-SLICE v7.MT software menus for users that have this additional
license authorization. Fast 3D volume generation directly from processed
radargrams, as well as BlueBox Batch runs is available for multi-channel
licenses.

This addendum manual is provided since there are different set of
operations required for each multichannel system. Most single channel
systems are recorded with relatively coarse line spacing, and the user is
relegated to use the slice/resample and gridding menus in GPR-SLICE to
generate useful images. However, with multi-channel systems, because the
density of lines is so fine, we can avoid slice/resample and gridding menus,
and directly place processed radargrams from into a 3D volume for viewing in
Open GL. The user of multi-channel systems can still use the slice/resample
and gridding menus if so desired.

The last section of this manual will introduce the BlueBox Batch runs for the
multi-channel systems.



Multi-Channel General Operations:

The generalized operational steps for all the multi-channel systems are:

1) Import the filenames in the Create Info File menu, creating the
infomain.dat (main track) and infochannels.dat (individual channels)
profile information

2) Generate the navigation files in the Edit Info File menu for the main
track

3) Generate the navigation files for each individual channel using the
offset information from the GPS - main track

4) Extract/Convert the multi-channel radargrams

5) Set the Navigation marker type in the Navigation Menu

6) Run Ons Editing process with the infochannels.dat

7) Using the infochannelsedit.dat file, run RSP including background
filtering, bandpass+gain, Kirchoff migration and Hilbert transform

8) Compile the desired processed folder into a 3D binary volume in the
Radargram 3D Volume Generation menu. For super large sites block
gridding operations are used to set individual blocks to a convenient
size, e.g. 50x50m depending on the channel density and the ultimate
xy volume resolution desired.

9) Display the data in Open GL or the Pixel 2D - multichannel menu, or
for super large datasets using the Gridblock menus.



Proceq GS9000

The basic process for setting up the navigation for the Proceq GS9000 multichannel
system for the GX1 vv and hh channels and the GX2 vv arrays are shown:

1la) GX1 vv Array - 35 channels at 0.025cm spacing. Set the number of channels
and the x, y and z offsets for the array and click the Help Set button in the Create
New Info menu. After that clicking the Import - Create Info button with the
multichannel general highlighted in the listbox. This will automatically create 2
information files infomain.dat which has the names of the channel 1 main track

radargrams and infochannels which will contain the names of the individual channel
radargrams.

filename | infochannels.dat Create Info profile name x offset y offset z offset GPS/Nav
#offles | 2 Nievelt001_L002_C001_20240413_034719.sgy 0. U] 0. 0.
file identifier | PROJECTFG010324__000 (eg. file_000)

Nievelto01_L003 C001_ 20240413 034719.sgy 0. 0 0. 0.
file extension | sgy
apsfileext | gps
gpsnmea |$GPGGA
name increment | 1
name start | 1
fx €y xy  ang® GPS ¢ vector
X start |o Xend |0
Y start | 0 Y end | 0 Proceq SEGY - GS9000 X
unit/marker 1 fime window ns‘ 2495
infomain.dat and infochannels.dat profile information files generated
samples/scan 500 resampled scans/imrkl 25
binary resol.c g bt © 16bit @ 32 bit
file list hd
append name | infochannels.dat Append ‘
Import - Create Info
* *file extension [ |

*.* file identifier + extension
*_* multichannel general

: ! next>
vector_survey_information.dat <prev
Ntracks 2 yoffset | 0 xoffset | 025 [™ zig-zag (x or y surveys/non-GPS)
IN h | ffset tart -
offset file channels | 35 Z Olfsé! 0 X stal 425 help set
channel 1,2,3,4,56,7,89 10, 11,12 13,14, 15,16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35
x offsets -0.425,-0.4,-0.375,-0.35,-0.325,-0.3,-0.275,-0.25,-0.225 -0.2,-0.175,-0.15,-0.125 -0.1 -0.075,-0.05,-0.025,0.,0.025,0.05,0.075,0.1,0.125,0.15,0.175,0.2,0.225,0.25,0.275,0.3
y offsets 0.0.0.,0.0.,0.0.0.0.0.0,0.,0.,0.,0.,0.0.,0.0.,0.,0.,0.,0.0.0.,0.0.0.0.0..0.,0.,0.,0.,0.
z offsets 0.,0.0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.
tr offsets




1b) GX2 hh array - 15 channels at 4.4cm separation

@) create Information File:  d:\GPR multichannel\GS9000 gx1-hh array - = x
filename |infomain.dat Create Info profile name x offset y offset z offset GPS/Nav
#offles | 39 — Carnuntum forum LFO05_L001_C001_20240607_091319.sgy 0 0 0 0

B EEH= (eg. file_000) Carnuntum forum LFO05_L002_C001_20240607_091319.sgy 0 0 0 0

“'ZE’:‘;;;S:; sgy Carnuntum forum LFO05_L003_C001_20240607_091319.sgy 0 0 0 0
.gps

gps nmea | SGPGGA <] Carnuntum forum LFO05_L004_CO001_20240607_091319.sgy 0 0 0 0

Carnuntum forum LFO05_LO0S_CO001_20240607_091319.sgy i (i 0 0

name increment ’7 Carnuntum forum LF005_L006_C001_20240607_091319.sgy 0 0 0. 0.

name start Carnuntum forum LF005_L007_C001_20240607_091319.sgy 0 0 0. 0.

Carnuntum forum LF005_L008_C001_20240607_091319 sgy 0 0 0 0

Carnuntum forum LFO05_L009_CO001_20240607_091319.sgy 0 0 0 0

Cx Cxy C ang® GPS ¢ vector Carnuntum forum LFO05_L010_C001_20240607_091319.sgy 0 0 0 0

xsat [0 xend [0 Carnuntum forum LFO05_L011_C001_20240607_091319.5gy i i 0 0

Carnuntum forum LFO05_L012_CO001_20240607_091319.sgy 0 0 0. 0.

Y start | 0 Y end ‘ ] Carnuntum forum LF005_L013_C001_20240607_091319.sgy 0 0 0 0

unitmarker T time window ns 635 Carnuntum forum LFO05_L014_C001_20240607_091319.sgy 0 0 0 0
Carnuntum X 0. 0.

samples/scan 501 resampled scansfmrk‘ 25 Carnuntumpmceq SEGY - GS9000 o o
binaryresol. g it  16bit @ 32 bit Carnuntum o 0
fle list z| Camunial infomain.dat and infochannels.dat profile information files generated ) )
Carnuntum [1} [1}

Carnuntum 0. 0.

append name [infomain.dat Append | camuntad I‘ 0 0
. [Cimeert_Createme_] Semuntum R : A : :

*.* file extension . Carnuntum forum LF005_L023_C001_20240607_091319.sgy 0. 0. 0. 0.

*.* file identifier + extension

* * multichannel general e Carnuntum forum LF005_L024_C001_20240607_091319.sgy 0. 0. 0 0

vector_survey_information.dat <prev Carnuntum forum LF005_L025_C001_20240607_091319.sgy 0. 0 0 0

Ntracks 39 yoffset [ 0 xoffset | 044 I~ zig-zag (x or y surveys/non-GPS)
offset fle | [ Nchannels (15 |  zoffset [0 xstart  [-308 | helpset |

channel 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14,15

X offsets £0.308,-0.264,-0.22,-0.176,-0.132,-0.088,-0.044,-0.,0.044,0.088,0.132,0.176,0.22,0.264,0.308

y offsets 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.

z offsets 0.0.,0.,0.,0.0.,0.,0,0.,0.,0.,0.,0.,0.,0.

tr offsets



1c) GX2 vv array

.
@ Create Information File:

filename

# of files

file identifier
file extension
gps file ext
gps nmea

infochannels.dat Create Info
39

(eg. file_000)
-Sgy
.gps
SGPGGA ~

name increment
name start

=T

EEE 2,

¢ xy ¢ ang@ GPS (" vector

X start | 0

X end | 0

Y start |0

uniUmarker| 1
samples/scan| 501

binary resol.¢~ g pit
file Iist|

Y end | 0

time window ns| 835
resampled scans/mrk| 25

" 16 bit @ 32 bit

=l

append name | infochannels.dat Append

*.* file extension
*.* file identifier + extension

*.* multichannel general

vector_survey_information dat

d:\gpr multichannel\gs9000 gx2 array

11 channels at 0.075cm spacing

profile name
Carnuntum forum LF005_L001_C001_20240607_091319.sgy
Carnuntum forum LF005_L002_C001_20240607_091319.sgy

x offset

y offset

z offset

o

GPS/Nav

Carnuntum forum LF005_L003_C001_20240607_091319.sgy
Carnuntum forum LF005_L004_C001_20240607_091319.sgy
Carnuntum forum LF005_L005_C001_20240607_091319.sgy
Carnuntum forum LF005_L006_C001_20240607_091319.sgy
Carnuntum forum LF005_L007_C001_20240607_091319.sgy
Carnuntum forum LF005_L008_C001_20240607_091319.sgy
Carnuntum forum LF005_L009_C001_20240607_091319.sgy

Carnuntum forum LF005_L010_C001_20240607_091319.sgy
Carnuntum forum LF005_L011_C001_20240607_091319.sgy
Carnuntum forum LF005_L012_C001_20240607_091319.sgy

Carnuntum forum LF005_L013_C001_20240607_091319.sgy
Carnuntum forum LF005_L014_C001_20240607_091319.sgy
Carnuntum forum LF005_L015_C001_20240607_091319.sgy
CarnuntulProceq SEGY - GS9000

Carnuntu|

Carnuntu|

Carnuntu
|

o ooocooo oo e e ooooe

infomain.dat and infochannels.dat profile information files generated

o oo ocooo oo e e oo e

X

| Import - Create Info I

next>
<prev Carnuntum forum LF005_L025_C001_20240607_091319.sgy

Carnuntum forum LF005_L023_C001_20240607_091319.sgy

‘0.

Carnuntum forum LF005_L024_C001_20240607_081319.sgy

0

0.

o ooceooooeeocoocoeoeooooofoe oo e e

Niracks 39 yoffset [ 0 xoffset [ 075 [ zig-zag (x or y surveys/non-GPS)
. ‘ zoffset [0 -.375 I help set |
channel 1,2,3,4,5,6,7,8,9,10, 11
x offsets -0.375,-0.3,-0.225,-0.15,-0.075,-0.,0.075,0.15,0.225,0.3,0.375
y offsets 0.0,0,0,0.,0.,0,0,0.,0.,0.
z offsets 0.,0.,0,0.,0.,0.,0.,0.,0.,0.,0.
tr offsets

o oo ooooooococoooceooo oo oo e e



2) The next step is to generate the navigation with infomain.dat active in the
Edit Info File menu. Clicking the Proceq to UTM will create the navigation
for each swath.

Edit Information File:  d:\gpr projects\gs9 from alex\infomain.dat - 0 X
infochannels.dat profile name x offset y offset z offset GPS/NAV  division
infochannelsedit.dat
infomain.dat 1 | Nievelt001_L002_C001_20240413_034719.sgy 0. 0. 0. 7245. r
2 | Nievelt001_L003_C001_20240413_034719.sgy 0. 0. 0. 7329.
\ infomain.dat 3
save edits
4
add xoff ‘ add yoff| name + 5
0 add zoff Jadd col4| name -
times xoff | times yoff insert B
times zoff | times col4 delete 7
rotate append chr del dn 8
del minGPS | del chnnels |  del up ol B NEEEED L= X
0| | o
" ——  GPR-SLICE v7.MT \raw\*..gps navigation files created

segy getts 12 |
t N -1 |
segy get Nscan @ -

@ ascii | proceq to UTM 14

" unicode array to nav 15

nmea to utm 16
nmeatonav |® big endian 17

i Tiis Bie BN BN e IS BN B e BRNie BNie TS Be BN BN TNie BRNLe BRNie BRNe T RS RNe TS Te |

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r

 little endian
brwse xOx1y0y1 navscalar [1 18
Xyz to nav ® segy utm 19
gps update list € segy lat/lon 20
Il to utm show gps file | 21
gpsgetyaw | show file header | 2
GPS to XY | 7
Ang, X, Y, XY to GPS or Vestor | o4
unit/marker [ 1 -

time window (ns) | 24.95

samples/scan | 500 next> | <prev | sortr %0 to x1 sort x X>>y | sorty ‘ y0 to y1 ‘

resampled scans/mark | 25 dellond x1toy0 | rev file ‘
binary € 8 bit (e p—
resol. 4 bt ® 32 bit e levenll x0-east [0 georeference info |
o recover yO-north | o ** start/end utm of file 1
Suney type: @ sort multichannel | e ——————
‘ h adjust to single marker @ [ 0 o e




3) Changing the information file to infochannels.dat and clicking the button
Array to Nav will generate the individual channel navigation files based on
the assigned X and Y offsets in the file.

[@) Generating channel navigation for channel # 6 track 1of 2 - [m} X
info.dat profile name X offset y offset z offset GPS/NAV  division
infobak.dat
1 [Nieveltdd1_L002_C001_20240413_034719.sgy c [-0425 0. 0. 7245. -
2 | Nieveltod1_L002_C002_20240413_034719.sgy - |04 0. 0. 7245. -
l'“'°°ha":;'s'dat 3 [ Nievelto01_L002_C003_20240413_034719.sgy - |-0375 0. 0. 7245, r
save edils
[ cectn | 4 [Nievelt001_L002_C004_20240413_034719.5gy 035 0. 0. 7245. -
add xoff | add yoff | _name + 5 | Nievelton1_L002_C005_20240413_034719.sqy - [0325 0. 0. 7245, r
[0 addzoff |add cod -
o _EEEEEUINEE 6 | Nievelt001_L002_C006_20240413_034719.sgy e [03 0. 0. 7245, -
times xoff | times yoff insert
T r——— | 7 | NieveltoD1_L002_C007_20240413_034719.sgy o [02r5 0. 0 7245 r
rotate append chr del dn 8 | Nievelt001_L002_C008_20240413_034719.sgy c -025 0. 0. 7245, r
del minGPS | del chnnels del up g |Nievelt001_L002_C009_20240413_034719.sgy c -0.225 0. 0. 7245, r
10 | Nievelt001_L002_C010_20240413_034719.sgy 02 0. 0. 7245. r
11 | Nieveltod1_L002_C011_20240413_034719.sgy - [0175 0. 0. 7245. -
segy get ts 12 | Nievelt001_L002_C012_20240413_034719.5gy c |05 0. 0. 7245. -
segy get Nscan-1 13 | Nievelton1_L0eroceq SEGY - G59000 X [o. 0. 7245, -
& asci roced to UTM 14 [Nieveltod1_Lac [ 0. 7245. r
q Nievelt001 LQ( Nievelt001_L002_C001_20240413_034719.5gy - 1 0. 0. 7245,
€ unicode |_amaytonav | 15 | eVt ievelto01 1003 C035.20240413_034716.50y *.gps navigation fles crested r
nmea to utm 16 | Nievelt001_LO( 0. 0. 7245, r
nmeatonav | big endian 17 [ Nievelto01_LOC o 0. 7245. -
 little endian e 1
Nievelt001_LO( OK 0. 0. 7245,
brwse x0x1yOy1 |nav scalar | 1 gy Mevet -0 | r
W"" segy utm 19 | Nievelt001_L0UZ_Lu1y_cuzaud15_Usar 19.50y [SERRVAVPE] 0. 0. 7245. r
gps update fist_|C* segy lation 20 | Nieveli001_L002_C020_20240413_034719.sgy - [005 0. 0. 7245. -
Il to utm show gps file 21 | Nievelt001_L002_C021_20240413_034719 sgy - [0075 0. 0. 7245. -
gps getyaw | show file header 22 [ Nievelt001_L002_C022_20240413_034719.sgy c (01 0. 0. 7245, -
GPS 1o XY | 23 | Nievelto01_L002_C023_20240413_034719 sgy c 0125 0. 0. 7245. r
Ang, X, Y, XY 1o GPS or Vector | 24 [Nievelt001_L002_C024_20240413_034719 sgy - 015 0 0 7245, -
el 1 | 25 | Nieveltd01_L002_C025_20240413_034719.sgy - [0475 0. 0. 7245, r
time window (ns) | 24.95
samples/scan | 500 next> | <prev | sortr | xtox1 | sortx | x>y | soty | yOtoyl
resampled scans/mark
f Pl ‘ 25 del odd x1to y0 rev file
RS del even
resol.  ~ qgpit ® 32 bit _geleven | x0-east | 0 georeference info |
Xy _ fecover | - y0-north | 0 ** start/end utm of file 1
Survey type: Eha“ sortmultchianney xl-east [0
adjust to single marker @ | 0 yi-north [0 utm zone [ 32

10



An example of a GS9000 GX2 array GPS track is shown in the following figure:

GPR-SLICE  GPS/Nav/Vector Track Map:  D:\GPR issues\gs9000 initial gain curve 0

x-offset [0 xyzoffset | del double gps | del doubletimes | delbadgps | intbad gps filter gps track delpt|line+| pt+ | X+ | Y+ | save | recover
y-offset [0 xyztran | del double scans del 0,0 null error [ 100000 inttimegps |len[3  er [ 1000 >[1>[3 > 2>[ 2 resample in range-xyz
z-offset [0 xyz times del extra gps extend gps del bad elev | intdouble gps | filtervector | scanlag [0  line-| pt- | X- | Y- | resamplein rangexy | 1
Npt-traj [ 1 info offset del -scan# jon | UTM-Unii - i Jo tmelag [0 [C forum LF005_L001_C001_20240607_0913 + |

set vector vx.vy.vz | total GPS survey length = 19592. m ®blue dots - inside GPS precision settings
multiply vivy.vz | ¥ GPS outside precision = 0 out of a total of 777172 ® magenta dots - outside GPS precision settings
[+ track |black v : : : : ' : : ‘

[~ dots
[¥ startstop 5330671.0-
[~ cross
raw
plot+ | plot-

E

5330666.0-
I edit track

@ one point
 till start

rt-mouse=del pt 5330661.0-
It-mouse=move pt
I~ box delete
delete< precision
gpsquality
5330656.0-
hdop [ 10
Nsat|[ 3

y (m)

5330851.0-
show gps file
0 rotate track
names on/off

store track map
track.jpg 5330646.0-

dxf
kmz kml
Jpoints 5330641.0-
Xyp-scan

GPS post proc

[~ core*.dat file 5330636.0-

-

5330631.0 T T T T T T T T
638135.0 638140.0 638145.0 638150.0 638155.0 638160.0 638165.0 638170.0 638175.0 638180.0 638185.0
X (m)

After these steps continue to the section entitled: Processing Operations for all Multi-
Channel GPR Systems. This will show the steps for generalized signal processing for all
multichannel GPR and how to compile these data to a 3D volume.

11



Mala Mira

The basic processes for the Mala Mira multi-channel GPR systems are:

1) Set the channel humbers and the x,y and z offsets for the Mala Array.
Then click the "Import - Create Info" button in the Create Info File menu
with the multichannel general highlighted in the listbox.
automatically create 2 information files, infomain.dat which has the
names of the main track radargrams, and infochannels.dat which will
contains the names of the demultiplexed individual channel radargrams
with all the X and Y offsets properly noted and stored.

This will

GPS/Nav

O)
filename | info.dat Create Info | profile name x offset y offset z offset
#offiles | 48 ! Warm_WASTE_000.rd3 0. 0. 0. 0.
file identifier | 37rd (eg. file_000) Warm_WASTE_001.rd3 0. 0. 0. 0.
fle exension §] ra3 Warm_WASTE_002.rd3 0. 0. 0. 0.
et B W -WASTE-OOS d3 0. 0 0 0.
gpsnmea [SGPGGA am_ T : - - ;
coordinate sys | UTM-Universal Transverse Mercator v | Warm_WASTE_004.rd3 0. 0. 0. 0.
name increment.| 1 Warm_WASTE_005.rd3 0. 0. 0. 0.
name start | 1 Warm_WASTE_006.rd3 0. 0. 0. 0.
. Warm_WASTE_007.rd3 0. 0. 0. 0.
—— ‘ Warm_WASTE_008.rd3 0. 0. 0. 0.
Cx Cy Cxy Cang GPS ( vector Warm_WASTE_009.rd3 0. 0. 0. 0.
X start ‘ o Cond ‘ o7 Warm_WASTE_010.rd3 0. 0. 0. 0.
Warm_WASTE_011.rd3 0. 0. 0. 0.
ety 0 ey 10 Warm_WASTE_012.rd3 0. 0. 0. 0.
unit/markerl 1 time windowns' 0 Warm_WASTE 013.1d3 0. 0. 0. 0.
| [ Vhimeme ANAGTE AAA wdn A A 0. 0.
samples/scan; 0 resampled scans/mrk| 32 Mala Mira 0 0
binary resol.@ g it ( 16bit 32 bit 0. 0.
file list [ = infomain.dat and infochannels.dat profile information files generated 0. 0.
| — 0. 0.
0. 0.
append name | info..
pp info.dat Append OK 0. 0.
. S Import - Create Info i - i 0. 0.
ragargram e(;(te??lon " Warm_WASTE_022.rd3 0. 0. 0. 0.
*.* radargram identifier + extension
T T next> | | Warm_WASTE_023.rd3 0. 0. 0. 0.
vector_survey_information.dat v <prev | Warm_WASTE_024.rd3 0. 0. 0. 0.
eoria dolimited Ntracks 48 yoffset | 0 x offset | 08
Nchannels z offset xstart |-
ofset le | 0 6 [Thelpset |
channel | 1,2,3,4,56,7,8,9, 10, 11, 12, 13, 14, 15, 16
X offsets |-0.6,-0.52,-0.44,-0.36,-0.28,-0.2 -0.12,-0.04,0.04,0.12,0.2,0.28,0.36,0.44,0.52,0.6
y offsets |0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.
z offsets |0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.
tr offsets
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2) The next operation is to extract all the radargrams from the main track
names using the new Mira Extract button in the Edit Info File menu
(shown previously). The extracted radargrams are directly placed into
the \radar\ folder with the naming convention *-N.rd3 where N is the
channel number (the \raw\ folder is bypassed.)

3) After this the next operation is to click the Mira to Nav, which generates
the *.rd3.gps files of the main track. The GPS track menu can optionally
be used to filter and condition the main GPS tracks should there be need
error listed during track generation.

® Edit Information File c:\inl-waste-mira\infomain.dat = .
infochannelsedit dat A profile name x offset y offset z offset GPS/NAV  division
infochannelsedit1.dat
infomain.dat v 1 [ warm_WASTE_000.rd3 « o [o. [o. | 20. [
2 | warm_WASTE_001rd3 o o [o [o. |28 [
infomain.dat
(I 3 [Warm_WASTE_002103 c o [0 [o. [28 [
save edits 4 |Warm_WASTE_003.rd3 c o [o [o. [27 I
add xoff | add zoff| name + 5 |Warm_WASTE_004.rd3 c |o. [o |o. |7 L
4 "addyoff [add col4| name - 6 | Warm_WASTE_005.rd3 c o [o o. E [
ES YO RUes 20F| ISR 7 [Warm_wASTE_006.1a3 c o [o [o. [7 r
ti | i 4 | delet
mes Yo NEs O ki 8 | warm_WASTE_007.rd3 c o 0 0. [o. [
rotate append chr| del Nth
I Aol channels 9 [warm_wASTE_008.rd3 < Jo. 0 0. [11 =
MALA getxy MALA getts 10 |Warm_WASTE_009.rd3 c o [o 0. [78 I
MALAto utm 11 | Warm_WASTE_010.rd3 c o [o. 0. [11 r
MALAto nav = ; [84 -
" Mala2toutm | GPS Navigation Files X
. 52. I
Mira extract
ira to nav o L]
@ ascii Array to nav ) S ! 16. I
O unicode I GPR-SLICE v7.0 \raw\*.gps Mira navigation files created 73 r
nmea to utm 14. [
nmea to nav
__nmeatonav_ | 67.
brwse x0x1y0y1 I
xyzto nav ] 8. r
gps get list OK 9 [
Il to utm 9. i
gpsgetyaw | showgpsfile | 75 [Warm_WASTE_021:d3 ([ T o 26. r
23 [Warm_WASTE_022.rd3 o 0. 0. 62. r
Ang, X, Y, XY to Vector [ | ST WATE 22 ! ! I !
24 [ Warm_WASTE_023.rd3 c o [o. [o. [34. o
it/mark
_ uniimarker | 1 25 [Warm_WASTE_024.d3 c [o [o. [o. [ O
time window (ns) | 100.4
samples/scan [ 450 next= | <prev | sortr | xtox1 | sortx | x>»y sorty | yotoy1
resampled scans/mark | 32 x1toy0 revfile
; p del odd
binary (" 8 bit m
resol. & 16pit ¢ 32 bit
y = recover
Suveyipe: | s.ort mult!channel
ang adjust to single marker @ I 0

v

*note: The Mira Extract button will be used normally for total station projects.
For GPS projects, the user will set the GPS File Extension to the *.cor file
extension (in the Create New Info menu) and will click the Mala to UTM button
in the Edit Info File menu for the navigation.
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© GPR-SLICE  GPS/Nav/Vector Track Map:  inl-waste-mira - Elﬁ

x-offset [l offset del double gps |de| doubleiimes| error  del bad gps I int bad gps filter gps track line+ | pt+ | X+ | Y+ | recover ‘
yoffset[ 0 ¥ int double gps |del double scans| 1 delbadelev | inttimegps |ingth [3 rlerror[ { ine- | pt- [ X | Y- [ save |
=T

store track map [ trackjpg _plot+ | plot- | gpsquality >= 0-fix not valid/off =]
redraw hdop <=/ 10 nsat>[ 3 decimate | 0 time lag | 0
[¥ line total GPS survey length = 1095.4 m @ blue dots - inside GPS precision settings
[~ dots ® plack dots - outside GPS precision settings - not included in time slice analysis
¥ start/stop
" cross I L L L I L I L I L I L I

10033 |

10023 |

10013

10003 T T T T T T T T T T T T T T T T T T T T
941m 9951 9961 9971 9981 9991 10001

An example of the main track profile map is shown above. This particular
example was made from 2 total station grids. The 2" total station is
reference to the first grid using Mala Mira tie-point log files that come with
these collected datasets.
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4) The next step is to highlight the infochannels.dat file back in the Edit
Info File menu, and click the Array to Nav button to generate the
individual channel tracks navigation (.rd3.gps files). The calculation
includes the recorded offset in X and/or Y and employs monitoring the
track orientation by looking at the trend between 2-3 adjacent GPS
points. Note, that the X/Y offsets are stored in the first 2 columns of
the information file for GPS or total station surveys.

® Edit Information File:  c:\inl-waste-mira\infochannels.dat - o
|info.dat ~ profile name x offset y offset zoffset GPS/NAV  division
|infobak.dat
infochannels.dat L 1 | warm_waste_000-1.rd3 c |-086 0.35 0. 29. [
; 2 | warm_waste_000-2.rd3  |-0.52 0.35 0. 29. |
|nchanels s 3 [warm_waste_000-3.1d3 c [oaa [035 0 2. =
save edits 4 [warm_waste_000-4.rd3 c [-036 [035 0. 29. r
add xoff | add zoff| name + 5 | warm_waste_000-5.rd3 « |-028 0.35 0. 29. 1
4 "addyoff [add col4| _name - 6 |warm_waste_000-6.rd3 c [-02 0.35 0. 29, [
timesxof | timeszof | insert 7 [warm_waste_000-7.rd3 c [012 [035 0. 29. r
times yof times c4 delete
-8.  |-0.04 2 ; 2
rotate appendchr| del Nth 8 |warm_waste_000-8.rd3 0.0 0.35 | 0 29 i
] el channels 9 |warm_waste_000-9.rd3  |0.04 0.35 |0. 29. |
MALA get xy MALA getts 10 |warm_waste_000-10.rd3  |012 0.35 0. 29. r
MALAto utm 11 | warm_waste_000-11.rd3 C |02 0.35 0. 29. B
MALAto nav i oo 4o -an oo | = o vy —
Mala2 to utm Mala Mira X
Mira extract
Mira to nav
* ascii Array to nav
unicore warm_waste_000-1.rd3 - warm_waste_068-16.rd3 *.gps navigation files created
nmea to utm
nmea to nav
brwse x0x1y0y1
xyz to nav
gps get list (0]¢
Il to utm
gps get yaw show gps file
e e T T T T
% ‘o B
Arig, X, X¥'to Veckor 23 | warm_waste_001-7.rd3 0.12 0.35 |o. | 28. [
- 24 |warm_waste_001-8.rd3  |-0.04 0.35 | 0. 28. ]
> gnmmamer 1 25 | warm_waste_001-9.rd3  |0.04 0.35 |0. 28. I
time window (ns) | 100.4
samples/scan [ 450 next= | =<prev | sortr x0tox1 | sortx | x>>y | soty | yotoy1 |
resampled scans/mark | 32 ddTodd x1toy0 revfile
binary ¢ 8 bit m
resol. @& qgpit  32bit
v recover
Survey type: Ixy sort multichannel
' ang adjust to single marker @ l 0
v

15



coffset | 0 del double gps | _del double tmes | error | 1 int bad gps fiter gps track
offset| O xyz offset | _int double gps | del double scans delbadgps | inttmegps |Ingth | 3 remor] 1 5
iz-offset| O del doubleloc_ | _del extragps delbad elev | _del -scan# p
iNpt-tray [ 1 info offset | gpsquality 0-fx not vabd/off < hdopl 10 Nsaff 3 decimate | 0 tmelag |0 scanlag [0 resample inrange | 1
total GPS survey length = 175501 m @ biue dots - inside GPS precision settings
o track # of GPS outside precision = 0 out of a total of 25712 ® biack dots - outside GPS pracision seftings - not included in tima skce analysis
° 5
be ] 9951 red dotga S fallout - time interpolatgg 9991 9991 10001 1001 10021
§ dots I 1 1 1 1 1 1 1
§v start/stop
f crss
redraw
plot+ B
S 10032 10032
10022 10022
10012 4 o012
store track map
track jog
at
10002 T T T T T T T T 000:
941m 9551 9961 w1 9981 9991 10001 1001 10021

An example of the GPS track generated for all the individual channels following
the x and y offsets is shown above.

After these steps continue to the section entitled: Processing Operations for all Multi-
Channel GPR Systems. This will show the steps for signal processing for multichannel

GPR and how to compile these data to a 3D volume.
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3D Radar Geoscope/Kontur - VOL format

1) Set the survey type to GPS or X or Y, the number of channels, and the
antenna separation and offsets. Click the "Import - Create Info” button.
This will automatically create 2 information files, infomain.dat which has
the names of the main track radargrams, and infochannels.dat which
contains the names of the extracted individual channel radargrams with all

the X and Y offsets, antenna separation, properly noted and stored.

@ Create Information File: BHP 3D Radar
filename ]infomain,dat create profile name x0 x1 y0 y1
#offles [21 info 40001-ic-das-55197-1.vol 0. 0. 0. 20.
file identifier | 40001-ic-das-55197-2.vol 0.08 0.08 0. 20.
(eg-a000) i a1 C 13 C gor C sgpr O custom  |4000%-ic-das-55197-3vol 016 016 0. 2
file extension ¢ dt  .gsf ¢ .rd6 © sgy " .geo 40001-ic-das-55197-4.vol 0.24 024 [0. 20.
€ .dat © rad € .d7 & vol 40001-ic-das-55197-5 ol 032 0.32 0. 20.
name increment [1 40001-ic-das-55197-6.vol 04 04 [0 20.
name start | 1 40001-ic-das-55197-7.vol 048 048 [0 20.
gps filename ext 40001-ic-das-55197-8.vol 0.56 056 0. 20.
E H_H H g ’E E _aps 40001-ic-das-55197-9.vol 064 0.64 0. 20.
Cx <y Cxy Cangl” GPS (" vector gps nmea string [40001-ic-das-55197-10.val (072 (072 In 20
X start l 0 X end | 16 ISGPGGA :] 3D Radar
Y start | 0 Y end | 20

unitlmarkerl 1 time window ns{ 77 34
samples/scan| 9g5 resampled scans/mrk| 25

binary resol.c* g bit & 16 bit ¢ 32 bit

file Iistl _'J

infomain.dat and infochannels.dat profile information files generated

l T AUUUTC-das 55 TY7-2U ol 152
append name [infomain.dat Append 40001-ic-das-55197-21.vol 16

~ Import - Create Info
** radargram extension

** radargram identifier + extension
* * multichannel general nexts
<prev

vector_survey_information.dat v

-comma delimited ks 1 y offset | 0 x offset | 08

Nchannels z offset X start -
oty Nchannels | 21 ] o o

OK
152 U T2
16 20.

|channel [ 1,2,3,4,56,7,8,9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21

x offsets ['0.,0.08,0.16,0.24,0.32.0.4,0.48,0.56,0.64,0.72,0.8.0.88,0.96,1.04,1.12.1.2,1.28 1.36,1.44,1.52,1.6

|yoffsets  [0.0..0.0..0.,0.,0..0.,0..0.0..0.,0.,0..0.,0..0.0..0.0.0.

|z offsets [

|tr offsets |
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2) The next step the individual channels are extracted from the multiplexed
radargrams listed in the infomain.dat file in the Edit Info File menu.

Edit Information File: \BHP 3D Radar\infomain.dat = o
]infochannels.dat A profile name x0 x1 y0 y1 division
infochannelsedit.dat
v 1 |40001-IC-DAS-55197 vol c |o. 0. 0. 20 O
; - 2 @ I
| infomain_dat - - -
save edits | 4 '@ '
shift x0 | shift x1| name + 5 '@ I
I -1 shift y0 | shift y1| name - 6 (@ m
times x0 | times x1 insert 7 3 2 r
times y0 | timesyl | delete 3D Radar Header Information - version 1. 1 x B
8 I
rotate | append chr| del Nth — =
| del channels 9 L r
10 . . I
al examiner version 1.1 T
a1 filename=\BHP 3D Radar\raw\40001-1C-DAS-55197.vol e
3DRadar extract 413 [ Magic number= 192837465 il
wl binaryheadlength= 4096 —
@ ascii Array to nav 15 zscan= 985 I
¢ unicode 3DRadar utm 16 yscan= 21 B it
nmea to utm | 3DRadar utm2 47 [ | Xscan= 352 B it
nmea to nav 3DRadar utm3 18 [—- bits per datapoint= 64 — -
brwse x0x1y0y1 _— E
Xyz to nav 19 E | L]
gps update list 20 I
Il to utm 21 Wi im
gps get yaw show gps file | 2 ’_— OK o
Ang. X, Y. XY to Vector | 7 ]
- 24 @ I
' u_nlt/marker |_1___ 25 -~ -
time window (ns) | 77.34
samples/scan | 985 next= [ <prevJ sort r ] X0 to x1 ] sort xJ X >>y sorty | yOtoyl
led /mark
resarn'pe scans m'ar 25 del odd x1to y0 rev file
binary " 8 bit —W
resol. @& 16 bit ¢ 32 bit B
— recover
|x A — —
ey By sort multichannel |
* ’ !xy adjust to single marker @;I 0
lang il

18



3) The next step is to make sure the infomain.dat file is highlighted in the Edit

Info File menu.

Then click the 3DRadar to UTM, which generates the

*.rd3.gps files of the main track and updates the humber of GPS listings in
the 4% column of the information file.
menu optionally to filter and condition the main GPS tracks should there be
(For non-GPS surveys
these buttons are not used and just the x0,x1,y0,y1 columns are used as
the navigation).

any need to or track warning messages come up.

infochannels.dat A
linfochannelsedit.dat
¥
| infomain.dat
save edits
shift x0 | shiftx1 | name +
0 shift y0 | shifty1 | name -
times x0 times x1 insert
times y0 times y1 delete

rotate

3DRadarxy | 3DRadarts |

NMEA to utm Arrayto nav |
NMEAto nav 3DRadar utm

brwse x0x1yOy1 | 3DRadar utm2

Xxyz to nav
GPS get list
LLto UTM

GPS get yaw

Ang, X, Y, XY to Vector

unit/marker

time window ns
samples/scan
resampled scans/mark

[xy
Survey type: an

|-
(43}

216
2

w

resampled resol. (~ 8 bit ® 16 bit

A

v

W 0 N O AW N =

19

The user can use the GPS track

division

L TN 8T (AT TR T T T TG U (T T T T (i (O I TR VAT R (AT 8 TR 1 T

Edit Information File: C:\3DRadar GPS test\infomain.dat - B
profile name z offset GPS/NAV
2013-04-11-003-Region1-00u.vol C |0 0. 0. 1064.
()
C
C
)
C
GPR-SLICE v7.0 \raw\*.gps navigation files created e
—

-
-
-
-
-
-
P
P
P
-

next> | <prev | sortr | x0tox1 | sotx | x>>y sorty | yOtoy1

— xitoy0 | _reviie |

del even

recover

sort multichannel




Optionally for newer versions of 3D Radar *.txt files are provided as the
For these datasets the XYZtoNAV menu is needed to
read the navigation and create the GPS files. In some case the full NMEA

navigation formats.

string is present and in other cases extracted NMEA components

3a) Full NMEA string *.txt Kontur navigation files and how to generate *.gps
files using the XYZ to NAV operation:

)

infochannels.dat

infochannelsedit.dat

infomain.dat

[ infomain.dat

save edits

add col1 | add col3

name +

[0 add col2 | add col4

name -

times col1 | times col2 insert
_times col3 | times col4 delete
rotate append chr | del Nth
del minGPS | del chnnels
3DRadar xy i 3DRadar extract \
@ ascii
 unicode Array to nav
nmeatoutm | 3DRadar utm
nmeatonav | 3DRadar utm2
3DRadar utm3 |
brwse x0x1y0y1 ' '
gps update list
Il to utm show gps file |
gps get yaw show file header \

Ang, X, Y, XY to GPS or Vector |

unit/marker | 1
time window (ns) | 30.07¢
samples/scan | 308
resampled scans/mark [ 25

binary ¢ 8 bit

resol. 16 pit @ 32 bit
xy ~

- an
v

Survey type

profile name x offset y offset z offset GPS/NAV
1 | 2019-05-30-018 - Region1.vol o [ 0. \ 0. 33
2 |2019-05-30-019 - Region1.vol ® ‘ 0. 0. \ 0. 40.
3 |2019-05-30-020 - Region1.vol C \ 0. 0. |0. 36.
4 [2019-05-3 - Region1.vol c |o. 0. 0. 39.
- sl I
B cust

skip N header lines 4 I generate GPS/vector/nav I

X column 5 N . .

y column 3 @ coordinates in +/- lat/long deg/min

ol 10  coordinates in +/- lat/long decimal

c : :

Aimoa time collimn 3 coordinates in utm or xyz

scan# column 0

hemisphere N @ vector already set

mendian E  +vector from xy 2d profile

gps quality column S  -vector from xy 2d profile

N saloliites column 0  +vector from xz 2d profile

HDOP column 0  -vector from xz 2d profile

i 0  +vector from yz 2d profile

yvec/pitch column 0  -vector from yz 2d profile

Zveclyaw column 0  -vector from xyz profile (beta)

gps/nav file extension o © roll/pitch/yaw import in radians

Bl c i i i

xyz scale factor o1 roll/pitch/yaw import in degrees

UTM zonenumber 40

remove character | - Regior

* if no columns are available set to 0

* for reading NMEA strings use xyz scale factor=.01

division

-

]2019-05-30-020.txt - Notepad

File Edit Format View Help

#Navigation Data Version=1.0

#Created: Examiner 3.2.1.33066 at Thursday, 04 July 2019 08:36:52
#Acquisition ID: f@447c67-9892-44be-b45c-61cbdbl3dcaa

#Device Position: 0,0,0
$GPGGA,142410.20,2456.982468,N,05530.811136,E,8,,,138.217,M,,,,
$GPGGA,142411.23,2456.98259998,N,05530.81103026,E,8,,,138.1983,M,,,,
$GPGGA,142412.26,2456.98286152,N,085530.81085039,F,8,,,138.1943,M,,,,
$GPGGA,142413.30,2456.98315417,N,05530.81064317,E,8,,,138.2095,M,,,,
$GPGGA,142414.33,2456.98345977,N,05530.81046207,E,8,,,138.177,M,,,,
$GPGGA,142415.36,2456.9837811,N,05530.81028144,E,8,,,138.1315,M, , ,,
$GPGGA,142416.39,2456.98412901,N,05530.81005805,E,8,,,138.101,M, ,,,

20
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3b) Extracted NMEA components in the *.txt Kontur Navigation files and how to
generate *.gps files using the XYZ to NAV operation:

@td\t nformation File

infochannels.dat
infochannelsedit.dat

‘ infomain.dat
save edits
add xoff | add yoff | name +
[17  add zoff | add col4| name -
times xoff | times yoff insert
times zoff | times col4 delete
rotate append chr del dn
del minGPS | del chnnels del up
3DRadar xy 3DRadar extract
@ ascii
© unicode array to nav
nmea to utm 3DRadar utm
nmea to nav 3DRadar utm2
3DRadar utm3
brwse x0x1y0y1 |
| xyz to nav
gps update list I
Il to utm show gps file ‘
gps get yaw show file header \
GPS to XY \

Ang, X, Y, XY to GPS or Vector ‘

B 240507_zolyom_068.gps

File Edit

View

multichannel\roger kontur 3

}#Index DateTime
#FormatVersion=1.0
#Culture=es-ES
#RegionOffset=0,0

2}

SOV AW

2023-05-12T08:
2023-05-12T608:
2023-05-12T08:
2023-05-12T08:
2023-05-12T08:
2023-05-12T08:
2023-05-12T08:

2OI2_AC_17TOR .

07:
07:
:28.03407
07:
07:
07:
07:

.72 Q0’07

Latitude

26.0140Z
27.75207

28.24407
28.42707
28.59707
28.7520Z

dar data issue\infomain.dat - ]}
profile name x offset y offset z offset GPS/NAV  division
1 |2023-05-12-009 - Region1.vol 0 0 0. 2550. r
2 | 2023-05-12-010 - Region1.vol 0 0 0. 2533. r
3 |2023-05-12-011 - Region1.vol « |0. 0. 0. 2564. r
4 ation File Import: c\gpr multichannel\roger kontur 3d - a < r
5] r
6 skip N header lines 4 [ generate GPS/vector/nav || r
7 [ xocolumn 4 ) ) ) ﬁ r
— v column 3 ¢ coordinates in +/- lat/long deg/min
8 |ti‘ coordinates in +/- lat/long decimal | r
— zcolumn 5 > et i E——
9 || et et 0 coordinates in utm or xyz r
10 | scan# column 0 - ——— ; r
1 scan# add 1 vector alreacy s& r
- " +vector from xy 2d profile R —
12 LSIESiER N " -vector from xy 2d profile r
[ meridian E YA R |
13 '  +vector from xz 2d profile r
—  gps quality column 0 o " 2 ] —
L | N satellites column 0 o “vee! lor ;om x 2dpro 'ﬁf =
#
15| ' HDOP column 0 e vecl orf rom yzzd proﬁl N r
16 xvec/roll column 0 Jrocioniiontiyz SCIprotie r
| 4 3 ¢ +vector from xyz profile (beta) _
17 yvec/pitch column 0 r
| 4  -vector from xyz profile (beta)
zvec/yaw column 0 ' ’ ) i
18 . — € roll/pitch/yaw import in radians r
—  gps/nav file extension TIXT P — } g _
19 | | nacrE 1 roll/pitch/yaw import in degrees r
20 | UTM zenenumber 30 | r
21 remove character r
99 [ | add character r
23 [ * if no columns are available set to T T r
e * for reading NMEA strings use xyz scale factor=.01 —_ o
2023-05-12-009 - Regionl.txt x =F
Longitude Elevation Velocity Heading HeadingRate
41.699958384731531 -0.60540559235761138 450.48471069335938 -0.0014647282132179576 77.52137195¢
41.699958540208328 -0.60540471814995511 450.4810791015625 0.087010006707848225 77.52137195¢
41.699958767192712 -0.608540343069481106 450.48599243164063 0.32486045140272884 77.52620985:2
41.699958924966275 -0.60540243034299057 450.48800659179688 0.40238786355944928 77.599591112
41.699959131215046 -0.60540144268769247 450.489013671875 0.46670329863498916 77.689878891
41.699959358686158 -0.6054004474482606 450.49093627929688 0.49684463358561925 77.90441851°2
41.699959527322591 -0.60539944607585539 450.493988063710938 0.52559999158729809 78.099466297

A1 AOOOCOARO0ONTT

)
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4) The next step is to highlight the infochannels.dat file back in the Edit Info
File menu, and click the Array to Nav button to generate the individual
channel tracks navigation (.vol.gps files). The calculation includes the
recorded offset in X and/or Y and employs monitoring the track orientation
by looking at the trend between 2-3 adjacent GPS points.

Edit Information File: C)\3DRadar GPS test\infochannels.dat - O
linfobak.dat A profile name x offset y offset z offset GPS/NAV  division
:
infochannelsedit.dat M 1 | 2013-04-11-003-Region1-00u-1.vol (" | 0. 0. 0. 1064. [
2 | 2013-04-11-003-Region1-00u-2.vol ¢ |0.12 0. 0. 1064. [
| mkoctianiicts dat 3 [2013-04-11-003-Region1-00u-3vol [0.24 0. 0. 1064. r
save edits I 4 | 2013-04-11-003-Region1-00u-4.vol ¢ |0.36 0. 0. 1064. r
shift x0 | shiftx1 | name + 5 | 2013-04-11-003-Region1-00u-5vol  ( |0.48 0. 0. 1064. [
[0_ shift yO | shifty1 | name - 6 |2013-04-11-003-Region1-00u-6.vol ¢ |06 0. 0. 1064. [
times ORI mes xR inset 7 [2013-04-11-003-Region1-00u-7vol [0.72 0 0. 1064. r
t":::t;'o fnesyl || deeie 8 [2013-04-11-003-Region1-00u-8vol ¢ [0.84 0. 0. 1064. r
9 |2013-04-11-003-Region1-00u-9.vol (" |0.96 0. 0. 1064. (I
10 | 2013-04-11-003-Regio
11 | 2013-04-11-003-Regiol
12 | 2013-04-11-003-Regio
3DRadarxy | 3DRadarts | 13 | 2013-04-11-003-Regio 21 files were found containing double GPS points:
14 | 2013-04-11-003-Regio ***% recommend using Del Double GPS operation in the GPS track menu
NMEAto utm Array to nav 15 | 2013-04-11-003-Regio
NMEAto nav adar 16 [2013-04-11-003-Regio
brwse xOx1y0y1 | 3DRadar utm2 17 [2013.0411-003 Regio
to nav -
%get"m 18 [2013-04-11-003-Regio
T LLtoUTM | 19 |2013-04-11-003-Region1-00u-19.vol |22 0. 0. 1064. r
20 |2013-04-11-003-Region1-00u-20.vol ( |2.32 0. 1064. ~
GPS get yaw 21 |2013-04-11-003-Region1-00u-21.vol  [2.44 0. 1064. I
22 & [
Ang, X, Y, XY to Vector | 23 ® r
unit/marker | 1 24 & r
time windowns [ 35 25 C [
samples/scan | 216
resampled scansfmark [32 next> | <prev | sortr | x0tox1 | sortx | X>>y sorty | yOtoy1
resampled resol. ( 8 bit @ 16 bit " del even |
Xy ~ " recover |
Surveytype: B2 ¥ sort multichannel
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An example GPS track map for all the individual channels for this Geoscope
dataset is shown below:

x-offset| 0 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 inttime gps | Ingth | 3 rlerror | 1 line- | pt- | X- [ Y- save |
-offset| 0 del double loc del extra gps del bad elev del -scan# delpt
Npt-traj | 1 info offset | gpsquality 0-fix not valid/off % hdop| 1001 Nsat| 3 decimate | 0 time lag l 0 scan lag | 0 resample in range | 1
total GPS survey length = 2395.8 m @ blue dots - inside GPS precision settings
v track # of GPS outside precision = 22365 out of a total of 22365 @ pjack dots - outside GPS precision settings - not included in time slice analysis
blue - ® (o4 dots - GPS fallout - time interpolated
dots ! | 1 | ] ] ] ] ! ! ! ! ! | ] ] ] ] ]
v start/stop 15210067 —
cross
caliaw 16210062
plot+
plot-
15210057
15210052
15210047
15210042
5 15210037
15210032
15210027
store track map 15210022
track jpg
dxf 15210017
15210012
15210007 —
15210002

| | | | I | I | | I | I | | I I I I |
70828987082903 7082908 7082913 7082918 7082923 7082928 7082933 7082938 7082943 (0?2948 7082953 7082958 7082963 7082968 7082973 7082978 7082983 7082988 7082993
x (m)

After these steps continue to the section entitled: Processing Operations for all
Multi-Channel GPR Systems. This will show the steps for signal processing for
multichannel GPR and how to compile these data to a 3D volume.
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3D Radar Geoscope/Kontur — SEGY format

1) An alternate 3D Radar format available in late 2020 is a SEGY format. Each
swath of data is written into a single SEGY file. The equipment format
chosen is SEGY Multichannel Multipex.

{OI GPR-SLICE  Ground Penetrating Radar Imaging Software: C\GPR multichannel\3D Radar SEGY format \

File Reverse Navigation Slice Grid Pixel Radar 3d volume Filter Static Animation Help
project| folder | option T

:I:t ' slice| >

@ New Survey: C\GPR multichannel\3D Radar SEGY format \

browse default directory || C:\GPR multichannel\

survey name |

New Survey Select Equipment Type
dat dir

IDS Stream
grd dir IDS Opera Duo
ipg dir :_[¢)a|sc e?—thrue

3d file dir Ditchwitch
Subsite
raw dir S:E ggoo
radar d!r SIR 30
resample dir SIR 3000
filter dir | SIR 4000
migration dir GSSI SSm!ni
boxcar dir US Radar
bandpass dir 3D Radar
topo dir RadarTeam
regain dir e

. . SEG2
deconvolution dir SEGY Multichannel

work dir SEGY Multichannel Multiplex v

whiten dir
nmo dir
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2) The infomain.dat and infochannels.dat are made similarly to the 3D Radar
non-SEGY data. With infomain.dat active, the SEGY Demultiplex button is
clicked which will separate each channel into its own SEGY file in the \raw\
folder:

infochannels.dat o profile name x offset y offset z offset GPS/NAV  division
infomain-segy.dat
. 1 [2016-10-08-001 - RegionT sgy c[o 0 0 0 r
= - 2 c [
[ infomain.dat 2 - O
save edits |
_— 4 c I
add xoff | add yoff | name + 5 s -
2 add zoff | add col4| name - a
times xoff times xoff insert g L
times yoff | times col4 delete 7| £ L
~_rotate | append chr | del Nth 8 ® B
del minGPS | del chnnels 9 SEGY Multichannel Multiplex X[ ¢ r
10 | e r
1 ** demultiplexing 20 SEGY channels B c r
| 12 I o o
segy get Nscan-1 segy get ts E
gy g gy g . 13 o c -
I segy demultiplex I -
@® ascii 14 £ r
© unicode segy to nav 15 c =
nmea to utm segy to nav2 16 SEY Multichannel Demultiplex X [
nmeatonav @ big endian 17 ) i r
i :
. e endm.n 18 ** infochannels.dat SEGY demultiplexed file written w
brwse xOx1yOy1 nav scalar | 1 —
xyztonav  |® segy utm 19 L
gps update list | segy lat/lon 20 oKk L
Il to utm show gps file | 21 L '
gps get yaw show file header ‘ 22 - r
c [
Ang, X, Y, XY to GPS or Vector ‘ 22
—— . — 24 c o
) t{mtlmarker 1 25 c -
time window (ns) | 29.80¢
samples/scan | 369 next> | <prev | sortr x0tox1 | sotx | x>y | soty | yotoy1 |
resampled scans/mark |
. P! " 25 deliodd x1toy0 rev file |
binary ¢ 8 bit Wecisicnal
resol. & 16 bit 32 bit T x0-east |0 georeference info |
Xy ~ B OV y0-north | 0 ** start/end utm of file 1
Survey type:  an i . — x1-east | 0
k v adjust to single marker @ ] 0 yi-north [0 imzone] 31
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3) With infochannels.dat active the SEGY to NAV button is clicked to write the
GPS navigation files from the SEGY trace headers:

v:' formation File PF iltichannel ) Rac EGY format \infochannel t - ]
info.dat A profile name x offset y offset z offset GPS/NAV  division
infobak.dat
infochannels.dat v 1 |1-2019-10-08-001 - Region1.sgy | 0. 0. 0. 2947. r
: 2 |2-2019-10-08-001 - Region1.sgy c |o. 0. 0. 2947. r
[infochannels. dat 3 [3-2019-10-08-001 - Region1.sgy c o 0. 0. 2947. r
save edits .
4 |4-2019-10-08-001 - Region1.sgy c |0 0. 0. 2947. r
add xoff i add yoff | _name + 5 [5-2019-10-08-001 - Region1 sgy c [o 0. 0. 2047, r
B add zoff | add col4 | name - = RV Y, =
T e 6 |6-2019-10-08-001 Regfom sgy c o 0. 0. 2947 r
fimes vorllliimes cokt[dcete 7 |7-2019-10-08-001 - Region1.sgy c |o. 0. 0. 2947. r
rotate append chr |  del Nth 8 |8-2019-10-08-001 - Region1.sgy c |o. 0. 0. 2947. =
del minGPS | del chnnels 9 |9-2019-10-08-001 - Region1.sgy O 0. 0. 0. 2947. r
10 |10-2019-10-08-001 - Region1.sgy c [o. 0. 0. 2947. r
11 | 11-2019-10-08-001 - Region1.sgy O 0: 0. 0. 2947. r
12 | 12-2019-10-08-001 - Region1.sgy c |o 0. 0. 2947. r
segy getNscan-1 | segygetts | 13 |13-2019-10-08-001 - Region1.sgy - o 0. 0. 2947, r
segy demultiplex -
@ ascii S 14 | 14-2019-10-08-001 - Region1.sgy c |o. 0. 0. 2947. r
€ unicode segy to nav l 15 |15-2019-10-08-001 - Region1.sgy c |o. 0. 0. 2947. r
nmea to utm segy to nav2 16 16-2019-10-08-001 - Region1.sgy c |0 0. 0. “[2947. r
nmeatonav @ big endian 17 | 17-2019-10-08-001 - Region1.sgy c [o. 0. 0. 2947. r
€ littie endian 18 | 18-2019-10-08-001 - Region1.sgy c [o 0. 0. 2947. r
brwse x0x1yOy1 |nav scalar | 1 :
7“2 Yo @ segy utm 19 | 19-2019-10-08-001 - Region1.sgy c |0 0. 0. 2947. r
~ gps update list _|C segy lat/lon 20 |20-2019-10-08-001 - Region1.sgy c |o. 0. 0. 2947. r
Il to utm show gps file | 21 c r
dps gebyaw clioiisicader | 22 SEGY XY Header Navigation X r
23 r
Ang, X, Y, XY to GPS or Vector |
z —— 24 SEGY *.sgy.gps files generated r
unit/marker | 1
: G 25 r
time window (ns) | 29.80¢
samples/scan | 369 next> | <prev ok X0tox1 | sortx | x>y | sorty | yotoy1 |
resampled scans/mark 1 |
_D ! 25 del odd x1 to y0O rev file
binary ¢ 8 bit eoen | -
resol. & 16 pit C 32 bit B.CCLOvort & x0-east [ 0 georeference info |
Xy ~ IECOVCIA| yO-north | 0 ** start/end utm of file 1
Survey type:  an i ) x1-east | 0
v adjust to single marker @ 0 yi-north [0 utm zone [ 31
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1)

IDS Stream X, C, UP and DP

The basic processes for the IDS Stream and their family of different multi-
channel GPR systems (including the X, C, UP and DP systems) are:

Click the "Import - Create Info" button in the Create Info File menu with the
multichannel general highlighted in the navigation listbox. This will
automatically create 2 information files, infomain.dat which has the names of
the main track radargrams, and infochannels.dat which contains the names of
the individual channel radargrams with all the X and Y offsets properly noted
and stored. Different X and Y offset may be needed for different IDS systems
not listed here. Configurations for IDS Stream X, C, UP and DP and the HH
and VV channels are also given in the next few screen shots as well.

IDS Stream X configuration: For a IDS Stream X there are 15 channels at
approximately 12 cm separation between channels.

O
filename | infochannels.dat Create Info profile name x offset y offset z offset GPS/Nav
#offiles | 6 LI010001.dt 0 0 0 0.
file identifier | bes 000 (eg. file_000) L1010002.dt 0 0 0 0.
e | L1010003.dt 0. 0 0 0.
gpslaiext . gps L1010004.dt 0 0 0 Q
gpsnmea |$GPGGA | ' 7
L1010005.dt 0 0 0 0.
s | 1 LI010006.dt 0. 0 0 0.
name start
(ol § ~xy ¢ ang® GPS vectnr
X start | 0 Xend | 0
Y start | Q Y end | ) IDS Stream X
unitlmarker‘ 1 fime window ﬂ5| 100 infornain.dat and infochannels.dat profile information files generated
samples!scan‘ 512 resampled scans/mrk| 25 | |
binary resol.c g bt~ ® 16bit 32 bit s
file list ~|
append name | infochannels.dat Append
Impart - Create Info
** file extension [
** file identifier + extension
*.* multichannel general next>
vector_survey_information.dat <prev
Ntracks 6 y offset |-37 xoffset |- 12 [~ zig-zag (x or y surveys/non-GPS)
Nchannels | 15 zoffset |0 xstat | 84 help set
offset file ——
channel 1,2,3,4,5,6,7,8,9,10,11,12, 13, 14,15
x offsets 0.84,0.72,0.6,0.48,0.36,0.24,0.12,0.-0.12,-0.24 -0.36,-0.48,-0.6.-0.72,-0.84
y offsets -0.37,-0.37,-0.37,-0.37 -0.37,-0.37,-0.37,-0.37 -0.37,-0.37,-0.37 -0.37 -0.37,-0.37,-0.37
z offsets 0.,0.0.0.0.0..0.,0.,0.,0..0.,0.,0..0.,0
tr offsets
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IDS Stream C - VV configuration: For a IDS Stream C there are 23 channels
of VV polarization at approximately 4.4 cm separation between channels.

[@) Create Information File: ~ c\gpr multichannel\ids stream ¢ - melissa\ - ] X
filename | infomain.dat Create Info profile name x offset y offset z offset GPS/Nav
#offiles [ 15

file identifier | 37rd (eg. file_000)

file extension | dt
gpsfileext | gps
gpsnmea [SGPGGA |
name increment | 1

i

name start | 1
Cx Cy Cxy Cangs GPS ( vector

===

X start ‘ [ 0] Xend |0
Y start \ 0 Yend | 0
unit/marker 1 time window ns{ 64
samples/scan 512 resampled scans/mrk| 25
binary resol. gpit  ® 16bit 32 bit
file list ~
append name [ infomain.dat Append

*.* file extension

A Import - Create Info
*.* file identifier + extension
*.* multichannel general next>
vector_survey_information.dat o

= SPIEV.
Ntracks [ 15 yoffset [ 25 xoffset [ 0434 I~ zig-zag (x or y surveys/non-GPS)
Nchannels z offset x start s
otestie | [0 [-058 help set

channel 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23
x offsets -0.058.-0.0146,0.0288,0.0722,0.1156,0.159,0.2024,0.2458,0.2892,0.3326,0.376,0.4194,0.4628,0.5062,0.5496,0.593,0.6364,0.6798,0.7232,0.7666,0.81,0.8534,0.8968
y offsets 0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25,0.25
z offsets 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.
tr offsets
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IDS Stream C HH configuration: For a IDS Stream C there are 9 channels

of HH polarization at approximately 9.6cm separation between channels.

[@) Create Information File: ~ C:\gpr multichannel\ids stream ¢ HH channels o
filename | infomain.dat Create Info profile name x offset y offset z offset GPS/Nav
#offiles ' 0

file identifier | 37rd (eg. file_000)
file extension | dt
gpsfileext | gps
gps nmea | SGPGGA 1\'
name increment | 1
name start | 1

=R =

CO ey Ny - ang ® GPS ¢ vector

Xstart [0 Xend [0

Y start ,o Yend [0
unit/marker 1 time window ns” 10

0 25
binaryresol.c gbit @ 16bit 32 bit
file list |
append name | infomain.dat Append J
A Import - Create Info

*.* file extension

* - file identifier + extension

*.* multichannel general next>

vector_survey_information.dat v <prev

Ntracks 0 y offset 13 x offset \ .096 [~ zig-zag (x or y surveys/non-GPS)
Nchannels zoffset | 0 x start 0 help set
- ] \ neset |

channel 25,26,27,28,29,30,31,32,33

x offsets 0.8,0.701,0.6,0.501,0.402,0.301,0.202,0.101,0.002

y offsets 0.432,0.432,0.432,0.432,0.432,0.432,0.432,0.432,0 432

z offsets 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

tr offsets
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IDS Stream UP - 200MHz/IDS Stream DP - HH configuration: For a IDS
Stream UP with 200 MHz antennae there are 10 channels in this example.
On clicking the Import - Create Info button the software will indicate how
(Note, Stream UP and
Stream DP have a self contained format with navigation and radargrams
included in the *.ogpr format. IDS Stream - HH configuration should use the
IDS Stream UP - 200MHz equipment type)

many channels are contained in the *.ogpr format.

o)

filename | infomain. dat
#offiles | 14
file identifier | file__ 000
file extension | ogpr
gps file ext | gps
gpsnmea |$GPGGA  ~|

name increment
name start

ﬁﬁé =,

X €y Cxy Cang® GPS  vector

X start ‘o X end ‘48

Y start ‘0 Y end ‘24

unit/marker| 1

512 led scans/mrk| 25

binary resol.c- g pit & 16 bit © 32 bit

file list | -

append name | infomain dat Append
Import - Create Info
|

*.* file extension
* * file identifier + extension

[*.* multichannel general

Create Info

(eg. file_000)

time window ns| 60

profile name
Swath001_Array01.ogpr

Swath002_Array01.ogpr
Swath003_Array01.ogpr
Swath004_Array01.ogpr
Swath005_Array01.ogpr
Swath006_Array01.ogpr
Swath007_Array01.ogpr
Swath008_Array01.ogpr
Swath009_Array01.ogpr
Swath010_Array01.ogpr
Swath011_Array01.ogpr
Swath012_Array01.ogpr
Swath013_Array01.ogpr

10 channels detected in the IDS Stream UP 600MHz *.ogpr file

o

IDS Stream UP - 600 X

IDS Stream UP - 600

next>
vector_survey_information.dat <prev
Niracks 14 yoffset | 0 xoffset |0
Nchanne\s z offset x start
channel 1,2,3,456,7,8,9 10
x offsets 0.0.,0.0,0,0.0.,0.0.,0.

x offset

olo o olo/oo o oo o o ol

infomain.dat and infochannels.dat profile information files generated

oK

[ zig-zag (x or y surveys/non-GPS)

y offset

ol o o ol o ol o o o] o & o o ©

z offset

Ol PP L P e @9

y offsets 0.,0.,0.,0.,0,,0.,0.,0.,0.,0.
z offsets 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.
fr offsets
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IDS Stream UP - 600MHz/IDS Stream DP - VV configuration: For a IDS
Stream UP with 200 MHz antennae there are 19 channels in this example.
On clicking the Import - Create Info button the software will indicate how
many channels are contained in the *.ogpr format. The IDS Stream DP VV
(Note, Stream UP and Stream DP have a self contained format with navigation
and radargrams included in the *.ogpr format. IDS Stream DP - VV
configuration should use the IDS Stream UP - 600MHz equipment type)

'@ T 0
filename | infomain.dat Create Info profile name x offset y offset z offset GPS/Nav
#offiles | 13 Swath001_Array02.ogpr 0. 0 0. 0.

file identifier  file__ 000 (eg. file_000) Swath002_Array02.0gpr 0. 0. 0 0.

e e”?“": -ogpr Swath003_Array02.ogpr 0. 0 0 0
gps fileext | gps

gpsnmea | $GPGGA <] Swath004_Array02.ogpr 0. 0. 0 0.

o Swath005_Array02.ogpr 0. 0. 0. 0.

name increment ’17 Swath006_Array02.ogpr 0. 0 0 0.

name start \ 1 Swath007_Array02.ogpr 0. 0. 0 0.

— [ Swath008_Array02.ogpr 0. 0 0 0.

Swath009_Array02.ogpr 0. 0. 0. 0.

Cx Cy Cxy Cange GPS  veotor Swath010_Array02.ogpr 0. 0. 0 0.

X start ‘ 0 Xend |48 Swath011_Armray02 ogpr 0. 0 0 0.

Swath012_Array02.ogpr 0. 0. 0 0.

Wsiats| 0 Yend |24 Swath013_Aray02.0gpr 0 0 0 0.

unit/marker 1 time window ns 60

512 pled scans/mrk| 25

binary resol.c g bit @ 16 bit 32 bit

file list v

IDS Stream UP - 200 X

19 channels detected in the IDS Stream UP 200MHz *.ogpr file

=

append name ,W

*.* file extension

*.* file identifier + extension

" * multichannel general
vector_survey_information.dat

Append

I Import - Create Info

next>
<prev

DS Stream UP - 200

infomain.dat and infochannels.dat profile information files generated

oK

Ntracks 13 y ofiset | 0 x offset | 0 I~ zig-zag (x or y surveys/non-GPS)
e Nchannels |19 zoffset [0 xstat [0
channel 1,2,3,4.5,6,7, 8,910, 11,12, 13,14 15,16, 17, 18,19
X offsets 0.0.0.0.0.,0.0.0.0.0.0.0.0.0.,0.,0,0.0.0
y offsets 0.0.0.0.0.0.,0.,0.,0.,0.,0.,0.,0.,0.,0..0..0..0..0.
z offsets 0.,0.0.,0.0.,0.,0.0.,0.,0.,0.0,0.,0.,0.,0.0.,0.0
tr offsets
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2) For IDS Stream X and C:

solution.
® Edit Information File:
linfo.dat "
‘infobak.da(
linfochannels.dat |4

|infochannels_dat

save edits |

add xoff| add yoff| name +
=t add zoff|add col4| name -
times xof | times yof | insert
times zof | times c4 delete

rotate | append chr| del Nth

| del channels
IDS get xy | IDS get ts I
& ascii | Array to nav
« unicode ,
nmea to utm IDS gec

nmea to nav | IDS Sstamp utm
brwse x0x1y0y1| IDS Sstamp nav
Xyz to nav fix stream nav
gps update list
Il to utm
gps get yaw show gps file |

Ang, X, Y, XY to Vector |

unit/marker [
time window (ns) [100
samples/scan | 512

resampled scans/mark | 25
binary " 8 bit

resol. G 16 bit ¢ 32 bit

v ~

Survey type: ‘XY

|an
—_ ¥ .

c:\kisatchie\stream-demo\infochannels.dat = o
profile name x offset y offset z offset GPS/NAV  division
1 | Li010001 dt c [-081 o. 0. [496.
2 | L1020001 dt « |-069 o. 0. 496
3 | LI030001.dt « |87 0. 0. [496.
4 | L1040001 dt ¢ [045 0. 0. [496.
5 | 11050001 dt ¢ [033 0. 0. [496.
6 |LI060001 dt o [-0.21 0. 0. 496
7 | 1070001 dt © [-0.09 0. 0. 496
8 |L1080001 dt © [0.03 0. 0. 496
9 |L1090001 dt © [o15 0. 0. 496
10 |L1100001 dt e [o27 0. 0. 496
11 [ L1110001.dt « 039 o. [o. [496.
12 |LI120001 dt C fos1 o o |49
13 [L1300014| DS Stream N
14 | L1140001. 496
15 [L1150001. T
16 |L0100024 g Stream ** gps made from geox navigation por-
17 | L1020002. 507.
18 [LI030002. 507.
19 [L040002. 7.
20 [L1050002. OK 7.
21 | LI060002. 507.
22 [ 11070002 & [ - o7
23 | LI080002.dt « |0.03 [o. 0 | 507.
24 {L1090002.dt o [KT 0. 0. 507,
25 |L1100002.dt « oz 0. 0 507,

next> | <prev | sortr |

del odd

del even

recover
sort multichannel |

adjust to single marker @ | 0
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x0tox1| sortx |

X >y sort y |y0toy1

The next step is to work directly on the
infochannels.dat file in the Edit Info File menu. Recent IDS Stream operation
now generate *.geox files with every radargram. Clicking the IDS Stream
Geox button will read these files and place into *.dt.gps format using this
systems array navigation. (The GEOX files are the manufacturers navigation

-

o o (o (o[ o[ (o[ [ [ [ [m e[ [ [

x1to y0 rev file




2a) For IDS Stream X and C: Optional method for generating GPS navigation
files is to click the IDS Gec button with infomain.dat highlighted. This will
generate the navigation on the main track — channel 1 file.

Edit Information File:  c:\kisatchie\stream-demo\infomain.dat = m X
‘in;o:hagnelseditedit.dat A profile name x offset y offset zoffset  GPSINAV division
infoflip_dat
v (] 1010001.dt o [ 0. 0. 12 r
- - 2 |LI010002.dt 0. 0. 0. 12. I~
EEERT 3 [L1010003 dt e Jo 0 0. 12 r
save edits | 4 |L1010004. dt «|o. 0. 0. 135 N
add xoff| add yoff| name + 5 |LI010005.dt 0. 0. 0. 135 r
ot add zoff|add col4| name - 6 |LI010006.dt |0 0. 0. 135 I
times xof | times yof | insert 7 - r
ti f | ti |
imes zof | times c4 delete 8 I I r
rotate | append chr| del Nth
| del channels 9 & I r
10 « I
1 c N
I | 12 C N
IDS get IDS get t:
9=y ik 13 » r
14 C N
& ascii Array to nav 15 c r
" unicode IDS geox 16 9] ]
nmea to utm IDS gec I 17 - r
t IDS Sst t
nmea to nav stamp utm 48 - -
brwse x0x1y0y1 | IDS Sstamp nav
Xyz to nav fix stream nav 19 £ r
gps update list 20 c I
Il to utm 21 9 r
gps get yaw show gps file | 22 - r
P
Ang, X, Y, XY to Vector | = =
- 24 c N
. u‘mt/marker 1_ 2% I I r
time window (ns) | 83.20
samples/scan [ 427 next> | <prev | sortr | x0tox1| sotx | x>>y | soty |y0toyl
led /mark
resam.pe scans, m'ar 25 aeoaa x1to y0 rev file
binary " 8 bit ]
resol. ) , del even
& 16 bit " 32 bit —_—
. recover
e iiy i sort multichannel |
RS |an, adjust to single marker @ I 0
v
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2b) IDS Stream X and C: After generating the main track, which can be edited
if necessary in the GPS Track menu, the button Array to Nav is clicked with
infochannels.dat file highlighted in the Edit Info File menu:

Edit Information File:  c:\kisatchie\stream-demo\infochannels.dat = m
l‘info.dat A profile name x offset y offset z offset GPS/NAV  division
linfobak.dat
infochannels_dat v 1 |LI010001.dt  |-0.81 I 0. 0. 12. |
- 2 | L1020001.dt  1-0.69 0. 0. 12. 1]
infuchaisla ik 3 (11030001 dt - [0s7 0. 0. 12. r
save edits 4 [L1040001 dt  [-045 0. 0. 12. n
add xoff| add yoff| name + 5 [L1050001.dt c [033 0. 0. 12. o
= add zoff|add col4| name - 6 | LI060001.dt «|-0.21 0. 0. 12. 1]
times xof | times yof insert 7 [L1070007.dt ~ (009 0. 0. 12 i
times zof | times c4 delete 8 (11080007t ~ 003 0 0 ) -
rotate | append chr| del Nth
I TR 9 [LI090001 dt « [015 0. 0. 12 I
10 |LI100001.dt 1027 0. 0. 12. I
11 L1100 S ’ ’ 9 r
12 [Ci1209 | DS Stream Fl -
IDS get IDS get t i
gety | e 13 [L1300 n
14 | L1400 f i
~ - o < P
o Wl 15 [isog  L1010001.dt - LI150006.dt *.gps navigation files created -
¢ unicode geox 16 | LI0100| B ]
nmea to utm IDS gec 17 L0200 A i
nmea to nav | IDS Sstamp utm =
|
brwse x0x1y0y1 | IDS Sstamp nav ekl OK - L
Xyz to nav fix stream nav 19 | LI0400 L r
gps update list 20 | LI0500] r
Il to utm 21 |LI060002.dt 021 0. 0. 12. 1]
gps getyaw | show gpsfile | 22 [L1070002.dt « [0.09 0. 0. 12 m
| i o 2 : £ 12.
Ang, X, Y, XY to Vector | 23 |LI080002.dt 0.03 0 0 2 i
- 24 |L1090002.dt 1015 0. 0. 12. ]
et 25 [L1100002.dt c [o27 [0 [0 12 O
time window (ns) | 100
samples/scan [ 512 next> | <prev | sortr | x0tox1| sotx | x>>y soty |yOtoyl
led /mark
resarjpe scans, m?r 25 aei x1to y0 rev file
binary " 8 bit i
el even
resol. @& 16 bit 32 bit e
s recover
}y 4 sort multichannel ]
Survey type: (XY
s lans adjust to single marker @ | 0
v

*** Note: For IDS Stream C equipment, channels VV channels will have often twice
as many recorded scans as the HH channels. Because the IDS navigation for GPS
is tied to channel 1, the master navigation file has scan numbers for NMEA strings
that are twice as many scan positions as that in the HH channels.

The button Fix Stream Nav should be clicked to correct for the navigation for the

HH channels — which divides the scan number in the master navigation files by 2. It
is unusual application in any multichannel equipment, but necessary since this
manufacturer records different scan lengths for different channels.
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2a) IDS Stream UP and DP: Individual channels need to be extracted from
the *.ogpr format using the Stream UP extract operation. The will also
automatically create the *.GPS files for each individual channel.

@ Edit Information File:  d:\gpr multichannel\david hunter ids stream dp\infomain.dat - O X
infochannelseditv.dat profile name X offset y offset zoffset  GPS/NAV  division
infochannelsvv.dat
infomain.dat 1 | Swath001_Array01.ogpr r
2 | Swath002_Array01.ogpr
‘ |nmmam,d-at 3 | Swath003_Array01.ogpr
save edits
4 | Swath004_Array01.ogpr
add xo”‘ add yoff| name + R | SwathNDA Arrav1 nonr
0 addzoff addcold| name- IDS Stream UP Extract
times xoff | times yoff insert ‘
times zoff | times col4 | delete input radargram
rotate append chr | deldn Swath001_Array01.ogpr
del minGPS | del chnnels |  del up

channel radargrams *1- 19

swath001_array01-1, 19.0gpr

processing scan
SireamUEeuct 7213 geo-locations

e Jie Tiie e Tie Mo T e Tite T Tie Tite Tite Wt T Mite Jite Miie Mo Hiie Tite The T Hie Mo
BRI S R S S e e e S e R R R EEEE
ol ol ol oo ool ool oo o o of o o o o o] o] o] o] &
ol ol o o] o o o] o] o o o] o] o o o o] o o] o] o] o] o o] o] ©
ol ol ol ol ool o oo o o o o ol o o o o| o] o] o o o] o] ©

o o e o o e e e e e e o e e e e e e A e W o

@ ascii | cancel
 unicede ‘
nmea to utm |
nmea tO nav {hn—mmvn—mymgpi—
18 | Swath018_Array01.ogpr
brwse x0x1y0y1 AT y'z e
7’% ol 19 | Swath019_Array01.ogpr
gps update list 20 | Swath020_Array01.ogpr
Il to utm show gps file \ 21 | Swath021_Array01.ogpr
gps getyaw | show file header \ 22 | Swath022_Array01.ogpr
A 23 | Swath023_Array01.ogpr
Ang, X, Y, XY to GPS or Vector 24 | Swath024_Array01 ogpr
_ u_nlllmarker 1 25 | Swath025_Array01.ogpr |
time window (ns) | 39.89¢
samplesfscan | 320 next~ | <prev | sortr Wtoxl | sotx | x>>y | soty | y0toyl |
resampled scans/mark
p ark [ 25 T x1toy0 | revfile |
binary ¢ 8 bit rrp—
resol. ' . del even —— -
@ 16bit ¢ 32bit —_— x0-east | 0 georeference info \
xy _focover | yO-north | o ** start/end utm of file 1
Survey type:  a@n ) . xt-east [0
adjust to single marker @ 0 yt-north [0 utm zone [ 5
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2b) IDS Stream UP and DP:

After the extract operation is done the
infochannels.dat file is then highlighted and the button GPS Update List
The

is clicked to compile the number of GPS listings for each channel.
*.ogpr contains navigation for each channel which is extracted.

r
@ Edit Information File:  d:\gpr multichannel\david hunter ids stream dp\infochannels.dat

info.dat
infobak.dat

infochannels.dat

infochannels.dat

save edits

add xoff| add yoff| name +
o add zoff [add cold| name -
times xoff | times yoff insert
times zoff | times col4 delete
rotate append chr | deldn
del minGPS | del chnnels | del up
Stream UP extract
& ascii
€ unicode
nmea to utm
nmea to nav
brwse x0x1y0y1
Xyz to nav
| gps update list |
Il to utm | show gps file |
gps get yaw show file header |
GPS fo XY |
Ang, X, Y, XY fo GPS or Vector |
unit/marker | 1
time window (ns) | 39.89¢
samples/scan | 320
resampled scans/mark [ 25
binary 8 bit
resol. @ 1gbit 32 bit
xy
Survey type:  an

@ e N o s W RN

a
profile name x offset y offset z offset GPS/NAV
swath001_array01-1.ogpr C |0 0. 0. 447. r
swath001_array01-2.ogpr |0 0. 0. 447, r
swath001_array01-3.ogpr |0 0. 0. 447. r
swath001_array01-4.ogpr c |0 0. 0. 447. r
swath001_array01-5.0gpr |0 0. 0. 447, r
swath001_array01-6.ogpr (0. 0. 0. 447. r
swath001_array01-7.ogpr |0 0. 0. 447. r
swath001_array01-8.ogpr |0 0. 0. 447. r
swath001_array01-9.ogpr |0 0. 0. 447, r
swath001_array01-10.ogpr c |0 0. 0. 447. r
swath001_array01-11.0gpr |0 0. 0. 447, r
swath001_array01-12.ogpr |0 0. 0. 447, r
swath001_array01-13.ogpr C |0 0. 0. 447. r
swath001_array01-14.ogpr |0 0. 0. 447, r
swath001_array01-15.0gpr |0 0. 0. 447. r
swath001_array01-16.ogpr c |0 0. 0. 447. r
swath001_array01-17.ogpr c |0 0. 0. 447. r
swath001_array01-18.ogpr |0 0. 0. 447, r
swath001_array01-19.ogpr |0 0. 0. 447. r
swath002_array01-1.ogpr |0 0. 0. 781. r
swath002_array01-2.ogpr |0 0. 0. 781. r
swath002_array01-3.ogpr c |0 0. 0. 781. r
swath002_array01-4.ogpr |0 0. 0. 781. r
swath002_array01-5.o0gpr |0 0. 0. 781. r
swath002_array01-6.ogpr c |0 0. 0. 781. r
next> | <prev | sortr x0tox1 | sortx x>>y | soty | yotoy1 |
T x1toy0 rev file
| CRICTD | x0-east |0 georeference info |
—fecover | yo-north [0 * start/end utm of file 1
adjust tosingle marker @ [0 ;:::ih g e 55
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An example of an IDS Stream X GPS track is shown below.

@ GPR-SLICE  GPS/Nav/Vector Track Map: ~ c!\Kisatchie\stream-demo\

-offset ’0_ xyz offset del double gps del double times del bad gps ‘ int bad gps filter gps track ‘ delpt | line+ | pt+ | X+ | Y+ save recover
-offset | 0 Xyz tran del double scans del 0,0 null errer | 00005 int time gps len ’3_ err ’1_ >1 >3 > 2> 2 resample in range-xyz
-offset ’T xyz times del extra gps extend gps del bad elev int double gps filter vector scan lag IT line- | pt- | X- | Y- resample in range-xy
Ipt-traj | 1 info offset del -scan# conversion | UTM-Universal Transverse Mercator  ~| decimate | 0 timelag | 0 \LIOWOO(H.dl

set vector vx.vy.vz | total GPS survey length = 5359.1 m 2blue dots - inside GPS precision setings

# of GPS autside precision = 0 outof a total o 1215 'magenta dots - outside GPS precision settings
multiply vx.vy.vz ‘

7 track ‘black ﬂ
7 dots
7 start/stop
" cross
redraw

plot+ | plot- |

~ edit track
# one point
 till start sspenes ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ : =
~ till end 304513 304518 304523 304528 304533 304538 304543 304548 304553 304558 304563 304568 304573 304578
t-mouse=del pt *m
[-mouse=move pt
~ box delete
delete< precision
gpsquality
hdop | 10

Nsat | 3

<

= ———§ _— [
4864353 | = F
———

y (m)

4664348 r

show gps file
0 rotate track
names on/off
store track map
track jpg

dxf

kmz kml
xypoints
yp-scan

GPS post proc

[~ core*.dat file

-

After these steps continue to the section entitled: Processing Operations for all Multi-
Channel GPR Systems. This will show the steps for generalized signal processing for all
multichannel GPR and how to compile these data to a 3D volume.
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Impulse Radar - Raptor

The basic processes for the 16 channel Impulse Radar Raptor multichannel
system are:

1) Use the “help set” with the channel descriptions including, Nchannels,
xoffset, xstart set to the appropriate values. This will create the channel
names and their offsets. Note, these values can be customized and
edited manually should the channel separations or naming convention
be different.

2) Click the "Import - Create Info" button in the Create Info File menu with
the *.* multichannel general highlighted. This will create the infomain
and infochannel information files.

)
filename | infochannels.dat Create Info \ profile name x offset y offset z offset GPS/Nav
#offles | 5 ' Ingo_001_A01.iprb 0 0 0 0
file identifier | buried_objects_ydir_bscan_ (eg. file_000) Ingo_002_A01.iprb 0 0 0 0.
file extension iprb Ingo_003_A01.iprb 0 0 0 0
gps file ext | cor
gpsnmea |SGPGGA fngo_004_ADT ?prb - . 2 o
coordinate sys | UTM-Universal Transverse Mercator | Ingo_005_AO1.iprb Y S g o

name increment | 1
name start | 1

J35a=ar >

Cx Cy Cxy ¢ ang® GPS  vector

X start 0 Xend |0
Y start 0 Yend |0
Impulse Radar Raptor Multichannel X
unit/marker| 1 time window ns| 78.711
samples/scan 403 resampled scans/mrk| 25 infomain.dat and infochannels.dat profile information files generated

binary resol.c~ g pit ® 16 bit 32 bit

file list v| OK

append name | infochannels.dat Append ‘

~
*.* radargram extension

*.* radargram identifier + extension

next>

vector_survey_information.dat

<prev
comie Ntracks 5 y offset 0 x offset 085
Nchannels z offset x start = | |
offset fle 16 | 0 64 help set
channel 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16
x offsets -0.64,-0.555,-0.47,-0.385,-0.3,-0.215.-0.13,-0.045,0.04,0.125,0.21,0.295,0.38,0.465,0.55,0.635
y offsets 0.0.,0.,0.0.,0.,0.,0.,0.,0,0.,0.,0.,0.0..0
z offsets 0.0.,0.,0.0.,0.,0.0.0.0.0.,0.,0.0.,0.,0
tr offsets 0.,0.0.,0.0.0.,0.0.0.,0.,0.,0.,0.,0.,0..0

38



3) In the Edit Info File menu, click the “Raptor to utm” button with
infomain.dat active to create the main track navigation. If navigation
errors are reported those can be fixed in the GPS track first.

@-:"'w' File lltichannel\im; radar raptar\infomair t —
infochannels.dat ~ profile name x offset y offset z offset GPS/NAV  division
infochannelsedit.dat
v 1| Ingo_001_A01.iprb c |o. 0. 0. 128. r
2 | Ingo_002_A01.iprb (o KK 0. 0. 116. r
[infomaindat 3 |Ingo_003_A01 iprb e o 0. 0. 86. r
save edits
4 | Ingo_004_AO1.iprb O 0 0. 0. 82. |l
addudliladd yothiiRname & 5 [Ingo_005_A01.iprb c o 0. 0. 60. r
[100 add zoff |add col4| name - 5
times xof times yof insert 6 [
times zof | times cold | delete 7 j e [
rotate append chr | del Nth 8 & m|
del minGPS | del chnnels 9 I r
10 c r
I Raptor to utm Raptor get ts ‘ 1 Impulse Radar Raptor Multichannel GPS files X | r
Raptor to nav 12 r
13 GPR-SLICE v7.0 \raw\*.iprb.gps navigation files created L
@® ascii 14 I
€ unicode Array to nav 15 \I] I
nmea to utm 16 |l
nmea to nav 17 = r
filter nmea
L . e pe r
brwse x0x1yOy1 | e
xyz to nav 19 ® L
gps update list 20 2 |
Il to utm show gps file | 21 c r
gps get yaw show file header ] 22 c r
'9) r
Ang, X, Y, XY to GPS or Vector | 2
. 24 c r
. ulmUmarker E 25 c r
time window (ns) | 78.711
samples/scan | 403 next> | <prev | sortr | x0tox1 | sortx | x>>y | soty | yotoyl |
resampled scans/mark | 25
r p " 25 el odd x1 to y0 rev file |
binary € 8 bit Taderr |
el ———
resol. & 16 bt 32 bit E oo x0-east | 0 georeference info |
Xy ~ %"' o | ‘ yO-north | 0 ** start/end utm of file 1
sort multichanne ——————
Survey type:  an d - x1-east | 0
Eh v adjust to single marker @ | 0 vimorth [ 0 Utmzone| 34
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4) With infochannels.dat active, the user will then click the “Array to Nav”
button to calculate the individual track for each channel based on the x-
offset (and y-offset if set) in the information file.

@ edit Inform File JItichannel\im 1dar raptor\infochan 1 -
info.dat ~ profile name x offset y offset z offset GPS/NAV  division
infobak.dat
v 1| Ingo_001_A01.iprb c |-064 0. 0. 128. r
- 2 | Ingo_001_A02.iprb  |-0.555 0. 0: 128. r
[infochannels dat 3 [Ingo_001_A03.iprb e [047 0. 0. 128. -
save edits -
4 | Ingo_001_AO04.iprb c |-0.385 0. 0. 128. |l
add xoff | add yoff | _name + 5 |Ingo_001_A05.iprb - [03 0. “[o. 128. r
[ 100 _[oddzoffiadd cor) | e - 6 | Ingo_001_A06.iprb - [0215 0. 0. 128. .
times xof times yof insert :
times zof | times cold | delete 7 | Ingo_001_A07.iprb c |03 0. 0. 128. r
rotate append chr | del Nth 8 | Ingo_001_A08.iprb c |-0.045 0. 0. 128. |
del minGPS | del chnnels 9 |Ingo_001_A09.iprb c |0.04 0. 0. 128. [
10 | Ingo_001_A10.iprb ~ [0125 0. 0. 128. r
Raptor to utm [ Raptor get ts 11 |Ingo_001_A11.iprb c |0.21 0. 0. 128. r
Raptor to nav 12 | Ingo_001_A12.iprb " [0295 0. o 128. r
13 | Ingo_001_A13.iprb c |0.38 0. 0. 128. r
® asci | 0L AT e - | e 128, L
© unicode 15 | Ingo_001_A15.iprb |impulse Radar Raptor Multichannel o - >’<\ — 128, =
nmea to utm 16 |Ingo_001_A16.iprb | 128. r
nmea to nav i
W 17 | Ingo_OO;_A01 Pt _| Ingo_001_AO1.iprb - Ingo_005_A16.iprb *.gps navigation files created E 11_6‘ C
_— 18 | Ingo_002_A02.iprb 116. r
brwse x0x1y0y1 | —— — 4 —
7)9‘2 ey 19 | Ingo_002_A03.iprb 116. |
"~ gps update list 20 | Ingo_002_A04.iprb Ok 116. C
Il to utm show gps file } 21 ‘Ingo_002_A05.iprb T U v s 116. r
gps get yaw show file header | 22 | Ingo_002_A06.iprb c [-0.215 0 0. 116. m
Ingo_002_A07.iprb c |-0.13 0 0. 116. I
Ang, X, Y, XY to GPS or Vector | 7 e _p
24 | Ingo_002_A08.iprb c |-0.045 0 0. 116. I
) untimarkerdl 1 | 25 |Ingo_002_A09.iprb - [004 0 0. 116. r
time window (ns) | 78.711 :
samples/scan | 403 next> | <prev | sortr | x0tox1 | sortx | x>>y | sorty | yotoy1 |
resampled scans/mark
! p ! 25 del odd x1 to y0 rev file
binary ¢ 8 bit et
resol. & 1gpit C 32 bit = x0-east | 0 georeference info |
Xy S L":r" ; I ‘ yO-north | 0 ** start/end utm of file 1
sort multichanne e
Survey type:  an . - x1-east | 0
@h v adjust to single marker @ | 0 izoih o E ] o
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5) In the GPS track menu the complete Raptor navigation can be seen. For
this particular data during computation of the navigation the software
indicated that the number of GPS was double in some locations requiring
the user to click the “"Del Double GPS” button. Note, sometimes other
navigation errors can exist which may require clicking the “Del Double
Scans” (or even the “"Del Extra GPS” button. The “Del Extra GPS” button
requires that all the scans be converted before testing this navigation
issue).

@ GPR-SLICE  GPS/Nav/Vector Track Map:  c:\multichannel\impulse radar raptor

x-offset | 0 xyz offset del double gps del double times del bad gps ‘ int bad gps filter gps track |
y-offset | 0 Xyz tran del double scans del 0,0 null error [ 1 int time gps len ] 3 err [ 1
z-offset | 0 xyz times del extra gps del bad elev l int double gps filter vector \ scan lag

Npt-traj | 1 info offset del -scan# extend gps \ decimate | O time lag

set vector VX.Vy.vZ total GPS survey length =8071.7 m ®blue dots - inside GPS precision settings
Pt % # of GPS outside precision = 0 out of a total of 7632 ® magenta dots - outside GPS precision settings
rac!

gray v

v dots

[v start/stop

™ cross
W J 7230349
plot+
plot-

I~ edit track
rt-mouse=del pt
Ilt-mouse=move pt
" box delete
GPS post proc
coordinate sys

delete< precision
gpsquality

0-fix not valid/off °
hdop | 10

Nsat | 3

0 rotate track
show gps file

names on/off
store track map

track.jpg

dxf

kmz kml 723025

T
i 394462 394492
xypoints e

7230319+

y (m)

7230289

Xyp-scan

After these steps continue to the section entitled: Processing Operations for all Multi-
Channel GPR Systems. This will show the steps for generalized signal processing for all
multichannel GPR and how to compile these data to a 3D volume.
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GSSI SIR 30

The basic processes for the 1-4 channel GSSI SIR 30 multichannel system are:

Create New Info menu:

1) Use the “help set” with the channel descriptions including, Nchannels,
xoffset, xstart set to the appropriate values. This will create the channel
names and their offsets. Note, these values can be customized and
edited manually should the channel separations or naming convention
be different.

2) Click the "Import - Create Info" button in the Create Info File menu with
the *.* multichannel general highlighted. This will create the infomain
and infochannel information files.

O]

filename \ infochannel-1.dat Create Info profile name x offset y offset z offset GPS/Nav

#offiles |19 == MSL 36802 M7_001.DZT 0. 0. 0 0.

file identifier | 37rd. (eg. file_000) MSL 36802 M7_002.DZT 0. 0. 0 0.

file extension [ .dzt MSL 36802 M7_003.DZT 0. 0. 0 0.

G & =il azg MSL 36802 M7_004.DZT 0 0 0 0

gpsnmea [SGPGGA +| - : : :

MSL 36802 M7_005.DZT 0. 0. 0 0.

name increment [ MSL 36802 M7_006.DZT 0. 0. 0 0.

name start | 1 MSL 36802 M7_007.DZT 0. 0. 0 0.

— 3~ MSL 36802 M7_008.DZT 0. 0. 0 0.

—_ ﬁ g MSL 36802 M7_009.DZT 0. 0. 0 0.

Cx Cy Cx CangC GPS @ vector MSL 36802 M7_010.DZT 0. 0. 0 0.

xatat. [5 Xordi TG MSL 36802 M7_011.DZT 0. 0. 0 0.

MSL 36802 M7_012.DZT 0. 0. 0 0.

sl 0 ienayl 10 MSL 36802 M7_013.DZT 0. 0. 0 0.

unitmarker e window.nel 20 MSL 36802 M7_014.DZT 0. 0. o 0.

e e et MSL 36802 M7_015.DZT 0. 0. 0 0.

n e ri

samples/scan| 512 esampled scans/m 25 - % ) 0.

binary resol.c- gbit 16bit @ 32 bit 0 0.

file list ~] 0 0.

= infomain.dat and infochannels.dat profile information files generated 0 0.

append name | infochannel-1.dat Append

oK
N I Import - Create Info l
*.* radargram extension
*.* radargram identifier + extension
next>
<prev

vector_survey_information.dat N

Ntracks 19 I y offset | 0 x offset | 25 [~ zig-zag (x or y surveys/non-GPS)
SHssthe Nchannels |4 zoffset |0 xstart  [-5 |
channel | 41,2:374
x offsets |-0.5,-0.25,0.,0.25
y offsets [0.,0.0.0.
z offsets [0.0.0.0
tr offsets [

infomain.dat: contains the name of the main track 32 bit multiplexed radargrams
infochannels.dat: contains the extract channels with -N.dat designation
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Edit Info File menu:

3) highlight the infomain.dat file

4) click the GSSI to UTM button to generate the GPS on the main

5) click the Separate SIR30 button to extract the individual channels

Edit Information File: ~ C:\multichannel\murphy survey - sir 30\infomain.dat

infochannel-1edit.dat
infochannels.dat

~

v
[ infomain.dat
save edits
add xoff | add zoff| name +
[[40 _ add yoff |add col4| name -
times xoff | times xoff insert
times yoff | times col4 delete
rotate append chr | del Nth
del minGPS | del chnnels
GSSlgetxy | GSSlgetts |
GSSlI to utm
GSSil to nav
GSSil to utm2
@ ascii
 unicode Array to nav
nmea to utm Separate SIR30
nmea to nav
brwse x0x1yOy1
xyz to nav
gps update list
Il to utm show gps file |
gps get yaw show file header ]

Ang, X, Y, XY to GPS or Vector

unit/marker | 1
time window (ns) | 20

samples/scan [ 512
resampled scans/mark | 25
binary ¢ 8 bit
resol. ¢ 1gpit @ 32 bit
ang 7
- GPS
Strvey fype: vector |4

©W O N Os WN =

L N s O
© ©® N O O W N = O

- O X
profile name x offset y offset z offset GPS/NAV  division
MSL 36802 M7_001.DZT ¢ |0. 0. 0. 164. -
MSL 36802 M7_002.DZT c |0. 0. 0. 182. r
MSL 36802 M7_003.DZT c |0. 0. 0. 173. [
MSL 36802 M7_004.DZT c |0. 0. 0. 184. r
MSL 36802 M7_005.DZT c |0 0. 0. 46. I
MSL 36802 M7_006.DZT c |0. 0. 0. 168. r
MSL 36802 M7_007.DZT c |0 0. 0. 81. I
MSL 36802 M7_008.DZT c |0. 0. 0. 167. r
MSL 36802 M7_009.DZT C |0 0. 0. 160. r
MSL 36802 M7_010.DZT c |0. 0. 0. 73. r
MSL 36802 M7_011.DZT c |0. 0. 0. 40. -
MSL 36802 M7_012.DZT ¢ |0 0. 0. 100. r
MSL 36802 M7_013.DZT c |0 0. 0. 80. r
MSL 36802 M7_014.DZT c |0. 0. 0. 168. r
MSL 36802 M7_015.DZT c |0 0. 0. 23. -
MSL 36802 M7_016.DZT ¢ |0. 0. 0. 63. I
MSL 36802 M7_017.DZT c |0 0. 0. 1. r
MSL 36802 M7_018.DZT ¢ |0. 0. 0. 109. r
MSL 36802 M7_019.DZT C |0 0. 0. 59. r
c r
(® r
c [
c [
c [ ]
c [
next> | <prev | sortr x0tox1 | sotx | x>y | soty | yotoy1 |
aeioad _x1toyo | _reviile |
[ide o |} x0-east | 0 georeference info |
hlecoveinis yO-north [0 ** start/end utm of file 1
sort multichannel | At [0
adjust to single marker @ | 0 yi-north [0 utm zone [ 29
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6) set the information file to infochannels.dat

7) click the Array to Nav button to generate the individual GPS tracks for each
extracted channel based on the xy offsets.

8) click on the infochannel-1.dat (or -2,-3,-4.dat) and begin standard
processing....

@V:*htaw ation File:  C:\multichannel\murphy survey 30\infochannels.dat == O X
infochannel-1.dat ~ profile name x offset y offset z offset GPS/NAV  division
infochannel-1edit.dat
v 1 | msl 36802 m7_001-1.dzt c [-05 0 0. 10. r
2 | msl 36802 m7_001-2.dzt C |-0.25 0 0. 10. r
[infochannels.dat 3 [msl 36802 m7_001-3.dzt c o 0 0. 10. r
save edits =
4 | msl 36802 m7_001-4.dzt C |0.25 0 0. 10. r
agg "°ff:| a:: Z°'f: name s 5 |msl 36802 m7_002-1.dzt c [05 0 0. 10. r
=10__18ceuo .la S| AT 6 | msl 36802 m7_002-2.dzt c [-025 0 0. 10. r
times xoff | times xoff insert
Times yoff | times cold | _delete 7 [ msi 36802 m7_002-3.dzt oll[o. 0 0. 10. r
rotate append chr | del Nth 8 | msl 36802 m7_002-4.dzt c [0.25 0 0. 10. r

del minGPS | del chnnels 9 | msl 36802 m7_003-1.dzt c |-05 0 0. 10. r

GSSI get xy ‘ GSSl get ts ‘ 10 | msl 36802 m7_003-2.dzt C |-0.25 0 0. 10. r

11 | msl 36802 m7_003-3.dzt o8l 0. 0 0. 10. Il
GSSl to utm 12 | msl 36802 m7_003-4.dzt - [025 0 0. 10. r
GSSl to nav

S U B 0. 10
GSSl to utm?2 SIR30 X -

@ ascii 0. 19 r

. I 0. 10.

C2unicods j=amayibingy ms| 36802 m7_001-1.dzt - ms| 36802 m7_019-4.dzt *.gps navigation files r
nmea to utm Separate SIR30 created 0. 10. r
nmea to nav 0. 10. r

0. 10.
brwse x0x1y0y1 -
" ponar L LN
gps update list . 0. 10. r
Il to utm show gps file \ 21 | msl 36802 m7_006-1.dzt C [-05 0. 0. 10. m
gps get yaw show file header | 22 | msl 36802 m7_006-2.dzt c [0.25 0. 0. 10. |
23 | msl 36802 m7_006-3.dzt o) X 0. 0. 10. r
Ang, X, Y, XY to GPS or Vector |
24 | msl 36802 m7_006-4.dzt C |0.25 0. 0. 10. r
B vekell 1 | 25 |msl 36802 m7_007-1.dzt c [-05 0. 0. 10. r
time window (ns) | 20
samples/scan | 512 next> | <prev | sortr x0tox1 | sortx | x>>y | sorty | yotoy1 |
resampled sca
T p ns/m_ark 25 defodd x1 to y0 rev file
et del even ——————
resol.  ~ 1gpit @ 32 bit ] x0-east [0 georeference info |
ang ~ T oo roitch i ] yO-north | 0 ** start/end utm of file 1
sort multichanne!
Survey type: GPS : : x1-east [0
adjust to single marker @ | 0 yi-north [0 utm zone [ 25
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RPS Multichannel

The basic processes for RPS Multichannel systems from Australia are after the
infomain.dat and infochannels.dat are made in the Create New Info menu

1) Create the infomain and infochannels.dat file in the Create New Info menu.

® Create Information File:  rps 2 gps = .
filename infochannels.dat Create Info profile name x offset y offset zoffset GPSiNav
#offiles [ ; gpr_2017-01-05_(11_36_05)__1.rps |0. 0. ‘ 0. \ 0.
file identifier | file- [ \ ‘ [
.a_000 f
(eg. 3_000) ¢ dzt ¢ dt1 ¢ rd3 ¢ .gpr ¢ .sgpr  custom \ ‘ ‘
file extension ¢~ .dt (¢ .gsf ¢ .rd6 ¢ .sgy " .geo |.rps ‘ ‘
C dat  rad O rd7 C ol ‘ i "
name increment | q [ \ |
name start | 1 ‘ ‘ [
E gps filename ext \ ‘ [
E_\\ sV ‘ ‘
X y (Cx ( angf GPS (" vector gpsnmea string ‘ ‘
SGPGGA  ~ ; 1 [
X start |.1_2 X end I 12 .
RPS Multichannel X
Y start |0 Y end |20

unitlmarkeri 1
sampleslscan‘ 512

binary resol.¢ g it

time window nSIW
resampled scanslmrk:l 25

& 16 Dbit " 32bit

infomain.dat and infochannels.dat profile information files generated

file Iistl L]
[ oK

append name | infochannels.dat Append

~ [ Import-Create Info || | 1
** radargram extension ‘
' \

** radargram identifier + extension

|
** multichannel general next= ‘ ‘
vector_survey_information.dat v <prev | | il ‘ ‘
ommagmies 0 L RS e B e B e
offset file :

channel 1,2,3,456,7,89,10,11,12,13, 14 ‘
| x offsets -0.75,-0.63,-0.51,-0.39,-0.27 -0.15,-0.03,0.09,0.21,0.33,0.45,0.57,0.69,0.81 ‘
|y offsets 0.0.0.0.,0.0.0.0.0.0.0.0.0.0. ‘
}zoﬁsets |
itr offsets ‘
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2) Create the navigation using the RPS to UTM button. As of 4/13/17 RPS is
still developing their file conventions, but there current *.csv navigation
files needs to have the same name as the main track names in the
infomain.dat, but just with the *.csv extention. Clicking RPS to UTM will
generate the navigation files and do all the UTM conversions.

3) Extract RPS will demultiplex the main radargram and make individual
radargram files names with the -1,-2, ... -N.rps extensions

®) Edit Information File: \rps 2 gps\infomain.dat = o x

Fﬁfcchannets.dat ~ profile name x offset y offset z offset GPS/NAV  division

infochannelsedit.dat

infomain dat v 1 | gpr_2017-01-05_(11_36_05)__1.rps c o 0. 0. 1511. L

2 fad r
| infomain.dat N pu -
save edits 4 far '

' add xoff | add yoff| name + | 5 c I
1E-9 "add zoff |add col4| name- 6 - r
times xof times yof insert 7 -~ r
times zof | timesc4 delete

-

rotate append chr | del Nth 8 I r

E del channels 9 & L
10 (& '
- step1 step(2 & L

RPS to ut RPS get t: ! I 5 I -

getts
(@

RPS to nav extract RPS / 12 I L
— 14 [ | [
& ascii Array to nav 15 (& '
" unicode 16 [ @ [

nmea to utm 17 - r

nmea to nav
_— @

brwse x0x1y0y1 i I
xyz to nav 19 = r
gps update list 20 C W
Il to utm 21 ‘@ I
gps getyaw show gps file | > - -
-
Ang, X, Y, XY to Vector | = =
24 | (@ I
unitmarker [ 4 25 I - I I =
time window (ns) | 51.2
samples/scan [ 512 next= | <prev | sortr x0tox1 | sortx | x>>y | sorty | yotoy1 |
resampled scans/mark | 25 BT x1to y0 revfile

binary ¢ 8 bit
resol. @ qgbit ¢ 32 bit
y ~
Survey type: | XY
an

del even
recover
sort multichannel |

adjustto single marker @ ] 0

v
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4) The next step is to generate the individual channel navigation using the
Array to Nav button

Edit Information File: \rps 2 gps\infochannels.dat = = X
info.dat A profile name x offset y offset z offset GPS/NAV  division
infobak.dat
infochannels.dat v 1 | gpr_2017-01-05_(11_36_05)__1-1.rps  |-075 0. 0. 970. [
2 | gpr_2017-01-05_(11_36_05)__1-2.rps « |-0.63 0. 0. 970. r
infoch Is.dat
ribchannsiz:03 3 [gpr_2017-01-05_(11_36_05)__1-3.1ps r [051 0. 0. 970. i
save edits | 4 |gpr_2017-01-05_(11_36_05)__1-4.rps ¢ [-039 0. 0. 970. '
add xoff | add yoff| name + 5 | gpr_2017-01-05_(11_36_05)__1-5.rps C |-0.27 0. 0. 970. [
1E-9 "add zoff [add cold| name- 6 [apr_2017-01-05_(11_36_05)__1-6.rps o [-015 0. 0. a70. r
timesoll|istdmes yor)Sinser 7 [gpr_2017-01-05_(11_36_05)__1-7.rps c [-003 0. 0. 970. 0
times zof times c4 delete
-01- -8. @ X U ¥ 3
—— append chr| del Nth 8 | gpr_2017-01-05_(11_36_05)__1-8.rps 0.09 0 0 970 [
K R 9 [gpr_2017-01-05_(11_36_05)__1-9.rps « [o21 0. 0. 970. w
10 |gpr_2017-01-05_(11_36_05)__1-10.rps 1033 0. 0. 970. B
11 [gpr_2017-01-05_(11_36_05)__1-11.ps « [o045 0. 0. 970. r
12 | gpr_2017-01-05_(11_36_05)__1-12.rps ¢ 057 0. 0. 970. [
RPS to utm RPS getts
& & @
RPStonav extact RPS 13 | gpr_2017-01-05_(11_36_05)__1-13.rps 0.69 0. 0. 970. [
14 | gpr_2017-01-05_(11_36_05)__1-14.rps  |0.81 0. 0. 970. I
& asci 15 c [
" unicode 16 (@ [
nmea to utm 17 e r
nmea to nav
L c
brwse x0x1y0y1 e L]
xyzto nav 19 c L]
gps update list 20 C: [
Il to utm 21 (e [
gps getyaw show gps file I 2 I r
-
Ang, X, Y, XY to Vector | = 5
24 c [
unit/marker | 1 25 ~ r
time window (ns) [51.2
samples/scan | 512 next= | <prev | sortr | x0toxt | sotx | x==y sorty | yotoy1
resampled scans/mark [ 25 — x1to y0 revfile
binary - 8 bit _EeeTEOCZF
resol. @ qgpit  32bit _
v = recover
sort multichannel |
Surveytype: | XY
il ang adjust to single marker @ | 0
v
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An example of an RPS multichannel GPS track is shown below:

® GPR-SLICE ~ GPS/Nav/Vector Track Map:  rps 2 gps

x-offset ]_f)— del double gps del double times del bad gps | int bad gps filter gps track | delpt| line+| pt+ | X+ | Y+ save recover
y-offset [0 XzofSet | Souble gps | del double scans | error | 1 inttme gps [len[ 3 em[1 >[1 >3 > 2> 2 resampleinrangexz
zoffset [0 xyztran | del double loc del extra gps delbadelev | del-scan# | decimate [0 scanlag [0 line-| pt- | X- | Y- [ resampleinrange-y |1
Npt-raj ]1__ info offset del 0,0 null extend gps time lag l 0 Igpr_2017~01-05_(11_36_05)_1-1‘rps

total GPS survey length = 1542.5 m @ blue dots - inside GPS precision settings
' track # of GPS outside precision = 0 out of a total of 13594 @ magenta dots - outside GPS precision settings - not included in time slice analysis

black ~

[~ dots
v startistop
[~ cross

redraw |

plot+

plot-

|T™ edittrack
t-mouse=del pt
| lt-mouse=move pt

GPS post proc

delete< precision
3998347.

gpsquality ! l I ! l
: £ 416694. 416704, 416714, 416724. 416734, 416744.
|0-fix not valid/of 2 x(m)

hdop | 10
Nsat | 3

el

>l

3998357. 3 =

After these steps continue to the section entitled: Processing Operations for all Multi-
Channel GPR Systems. This will show the steps for generalized signal processing for all
multichannel GPR and how to compile these data to a 3D volume.
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ISUNG Multichannel

The basic processes for ISUNG Multichannel systems from Korea are after the
infomain.dat and infochannels.dat are made in the Create New Info menu:

1) Create the infomain and infochannels.dat file in the Create New Info
menu. One will need to set the Xoffset between channels and the Xstart
Also, the number of channels are set before the

value for channel.
button Help Set is clicked.

O]
filename | infochannels.dat Create Info
#offiles | 1
file identifier | file___000 (eg. file_000)
file extension | t3r
gpsfileext | csv
gpsnmea |SGPGGA v/
coordinate sys | UTM-Universal Transverse Mercator |

name increment | 1
name start | 1

[, (2

Cx Cy Cxy ¢ ang® GPS ¢ vector
X start 0 Xend |95
Y start 0 Yend | 10

unit/markeq‘ 1 time window ns| 60

profile name

N-TEST.t3r

x offset y offset
0. 0.

samples/scan‘ 256 resampled scans/mrk 25

binary resol.c- g pit ¢ 16bit @© 32 bit

file list ~

append name [infochannels.dat Append

Isung Multichannel

infomain.dat and infochannels.dat profile information files generated

OK

A Import - Create Info

*.* radargram extension

** radargram identifier + extension
** multichannel general

z offset
0.

GPS/Nav
0.

next> |
vector_survey_information.dat <prev ‘
comma delimfied Ntracks 1 y offset | 0 x offset 075 [~ zig-zag (x or y surveys/non-GPS)
e Nchannels zoffset [0 xstart |/-863 I help set |
channel 1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24
x offsets -0.863,-0.788,-0.713,-0.638,-0.563 -0.488,-0.413,-0.338,-0.263,-0.188,-0.113,-0.038,0.037,0.112,0.187,0.262,0.337,0.412,0.487,0.562,0.637,0.712,0.787,0.862
y offsets 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.
z offsets 0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0
tr offsets
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2) Next step is to extract the individual channels from the multiplexed
radargrams from the infomain.dat file. The extracted channels are
written to the \radar\ folder of the project.

@ edit Information File iltichannel\bus tict a
infochannels.dat A profile name x offset y offset z offset GPS/NAV  division
infochannelsedit.dat
v 1 [NTESTHr c [o. 0. 0. 0. r
| 2 c r
infomain.dat
c r
save edits ‘ S
B 4 c r
add xoff | add yoff | name + 5 ¢ -
- 863 _add zoff | add col4| name -
e ; = t3r Extract r
times xof times yof insert
times zof | times col4 delete input radargram r
rotate | append chr | del Nth N-TEST.t3r [
del minGPS | del chnnels I ) r
channel radargrams *1- 24 r
n-test-ch-1, 24.t3r r
16098 r
@ ascii | r
> cancel |
© unicode Array to nav |
nmea to utm r
nmea to nav | r
filter nmea
brwse x0x1y0y1 | °
xyz to nav 19 e r
gps update list 20 c r
Il to utm show gps file | 21 c r
gps get yaw show file header | 22 c r
c
Ang, X, Y, XY to GPS or Vector | 2 =
24 c r
unit/marker | 1 25 c r
time window (ns) | 60
samples/scan | 256 next> | <prev | sortr | x0toxt | sotx | x>y | sorty | yotoy1 |
resampled scans/mark | 25 del odd x1to y0 rev file
binary ¢ 8 bit “deleven |
resol. 15 pit © 32 bit e x0-east | 0 georeference info |
Xy ~ _[ooOvel | : yO-north | 0 ** start/end utm of file 1
Survey type: ~ an Sorimilfichianno| N xl-east | 0
v adjust to smgle marker @7 0 yinoth' [0 | utmzone W
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3) Create the navigation using the XYZ to NAV button with the all the

settings shown in the menu.

This reads the *.csv file containing all the

information on the GPS navigation and will convert to GPR-SLICE format
and make all the UTM conversions.
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infochannels.dat profile name X offset y offset z offset GPS/NAV  division
infochannelsedit.dat == - = —
infomain.dat 1 |N-TEST.t3r c |o. ‘ 0. 89. o
- - 2 c ‘ -
[ |nfoma|n.d§t 3 PS ‘ -
save edits
4 cal | [ r
add xoff l add yoff | _name + @Customized Navigation File Import: C:\multichannel\busan - isung multichannel\ - [m] X =
~863 addzoff ladd col4| name- | -
times xof times yof insert = . [r— -
skip N header lines 0 te GPS/vector/
times zof | times col4 delete » cZIumn na I generate GPBheolor/nay I | r
rotate append chr | del Nth y column 2 " coordinates in +/- lat/long deg/min [
del minGPS | del chnnels |ﬁ coordinates in +/- lat/long decimal | '
z column 4
oo Mo coordinates in utm or Xyz -
scan# column K I r
I ot hemisphere N @ vector already set L
M S0 ¢ +vector from xy 2d profile r
meridian E e f od oo -
gps quallty column 0 ~vectf3r rom xy pr<'3 ile '
= 2  roll/pitch/yaw import in radians O
® ascii N satellites column 0 € roll/pitchi : rtin d .
roll/pitch/yaw import in degrees
€ unicode Array to nav ‘ HDOP column 0 REChY P d L
nmea to utm xvec/roll column o r
nmea to nav yvec/pitch column o -
filter nmea 2zvec/yaw column 0 =
brwse x0x1y0y1 | gps/nav file extension .csv L
| xyz to nav xyz scale factor 1 [
gps update list UTM zonenumber 52 r
Il to utm show gps file remove character 0 r
gps get yaw show file header r
* if no columns are available set to 0 = -
Ang, X, Y, XY to GPS or Vector | * for reading NMEA strings use xyz scale factor=.01
_ 27 | | I I =
) l{mt/marker 1 25 ‘ P ‘ ‘ ‘ -
time window (ns) | 60
samples/scan | 256 next> | <prev | sortr x0toxt | sotx | x>>y sorty | yOtoy1 |
resampled scans/mark | 25 x1 to y0 rev file
: ) del odd
bt “deleven |
resol.  ~ 1gpit @ 32 bit == x0-east | 0 georeference info J
Xy - _ t yO-north | 0 ** start/end utm of file 1
Survey type:  ang S soimltichannes | x1-east | 0
v adjust to single marker @ | 0 yl-north [0 utn zone[ 52



4) The next step is to generate the individual channel navigation using the
Array to Nav button which reads all the offsets for each channel and
computes the navigation.

@ Edit Information File: = C:\multichannel\busan - isung multichannel\infochannels.dat - m] X
info.dat A profile name x offset y offset z offset GPS/NAV  division
infobak.dat
v 1 |N-TEST-ch-1.t3r c [-0.863 0. 0. 89. r
= 2 |N-TEST-ch-2.t3r c |-0.788 0. 0. 89. |
Jinfochannels:dat 3 [N-TEST-ch-3.8r c 0713 0. 0. 89, -
save edits |
—_— 4 | N-TEST-ch-4.t3r c |-0.638 0. 0. 89. | mi
add xoff 1 add yoff| _name + 5 [N-TEST-ch-5.t3r c (0563 0. 0. 89. r
[-863 acd zofLadd co_name - 6 |N-TESTch6 c [oas [0 o . r
times xof times yof insert
times zof | timescold | delete 7 |N-TEST-ch-7.t3r c |-0.413 0. 0. 89. r
rotate append chr | del Nth 8 | N-TEST-ch-8.t3r ¢ |-0.338 0. 0. 89. |
del minGPS | del chnnels 9 |N-TEST-ch-9.t3r c [-0.263 0. 0. 89. .l
10 [N-TEST-ch-10.t3r ¢ [-0.188 0. 0. 89. r
11 |N-TEST-ch-11.t3r c [-0113 0. 0. 89. w]
Isung extract 12 | N-TEST-ch-12.t3r « |-0.038 0. 0. 89. |
13 | N-TEST-ch-13.t3r ¢ [0.037 0. 0. 89. m|
.o 14 |N-TEST-ch-14.t3r c [o112 0. 0. 89. r
C iinicode Aray onav__ ] 15 |N-TEST-ch-15.t3r c [o187 0. 0. 89. r
nmea to utm 16 | N-TEST-ch-16.t3r 0262 0. 0. 89. |
nmea to nav 17 | N-TEST-ch-17.t3r c [0.337 0. 0. 89. m|
niternmea S 18 | N-TEST-ch-18.3r ¢ [0412 0. 0. 89. r
_ brwse x0x1yOy1 |
7“’1 SR 19 | N-TEST-ch-19.t3r 0487 0. 0. 89. |
" gps update list_| 20 | N-TEST-ch-20.3r c [0562 0. 0. 89. rC
I to utm show gps file | 21 N-TEST-ch-21.t3r ¢ [0637 0. “[o. 89. m]
gps getyaw | show file header | 22 |N-TEST-ch-22.t3r c [0712 0. 0. 89. r
23 |N-TEST-ch-23.t3r c o787 0. 0. 89. =
Ang, X, Y, XY to GPS or Vector |
24 |N-TEST-ch-24.t3r c |0.862 0. 0. 89. r
) u_nltlmarker 1 25 e b =
time window (ns) | 60
samples/scan | 256 next> | <prev | sortr x0tox1 | sortx | x>>y | soty | yotoyl |
resampled scans/mark
] p ! 25 del odd x1to y0 rev file
binary ¢ 8 bit Yacrsienl
resol.  1gpit ® 32 bit R 0C BV x0-east [0 georeference info |
Xy 73 %Itichannel ‘ yO-north | 0 ** start/end utm of file 1
Survey type:  an ~ - x1-east | 0
h v adjust to single marker @ | 0 yimornt o s
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An example of a single swath of an Isung multichannel GPS track is shown

@
©

Profile Name
N-TEST-ch-1.t3r
N-TEST-ch-2.t3r
N-TEST-ch-3.t3r
N-TEST-ch-4.t3r
N-TEST-ch-5.t3r
N-TEST-ch-6.13r
N-TEST-ch-7.t3r
N-TEST-ch-8.t3r
N-TEST-ch-9.t3r
N-TEST-ch-10.t3r
N-TEST-ch-11.t3r
N-TEST-ch-12.t3r
N-TEST-ch-13.t3r
N-TEST-ch-14.t3r
N-TEST-ch-15.13r
N-TEST-ch-16.13r
N-TEST-ch-17.t3r
N-TEST-ch-18.t3r
N-TEST-ch-19.3r
N-TEST-ch-20.t3r
N-TEST-ch-21.t3r
N-TEST-ch-22.t3r
N-TEST-ch-23.t3r
N-TEST-ch-24.t3r

\radar\ 1. Artificial Markers

2. Field Markers

edit

3. Interval Markers

scans/marker= | 0

4. GPS/Vector scan#

next> <prev
Navigation - GPS Scan Numbers 01-17-2020 08:36:35

radargram directory = C:\multichannel\busan - isung multichannel\radar\

total number of files = 24

N-TEST-ch-1.t3r scans=3403 markers= 90 lastscan tagged= 3375

N-TEST-ch-2.t3r scans=3403 markers= 90 lastscan tagged= 3375

N-TEST-ch-3.t3r scans=3403 markers= 90 lastscan tagged= 3375

After these steps continue to the section entitled:

Channel GPR Systems.

Markers
Markers  Tagged Errors x offset y offset 2z offset GPS/NAV

90 @ -0.863 0. 0 89.

90 C -0.788 0. 0 89

90 ~ 0713 0 0 89

@GPR'SLICE GPS/Nav/Vector Track Map: ~ C:\multichannel\busan - isung multichannel\ = o X

x-offset | 0 xyz offset del double gps del double times del bad gps int bad gps filter gps track |
|y-offset | 0 Xyz tran del double scans del 0,0 null error 1 int time gps len | 4 er | 2
[z-offset | 0 xyz times del extra gps del bad elev int double gps filter vector
INpt-traj | 1 _info offset del -scan# extend gps decimate \' 5

| set vector vx.vy.vz
[+ track
gray  ~
|7 dots
|¥ start/stop
I cross
redraw

_‘ plot+ | plot-

| coord sys=UTM
coordinate sys
conversion

17 edit track

]n—mouse:del pt

Jll-mouse=move pt

|I” box delete
delete< precision

] gpsquality

|0-fix not valid/off
hdop | 1000
Nsat | 3

show gps file
[WW rotate track
names on/off
| store track map
[ track.jpg

dxf

kmz
Xypoints g
Xyp-scan < >

kml

multichannel GPR and how to compile these data to a 3D volume.
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Processing Operations for all Multi-Channel GPR Systems

The multi-channel data all require several radargram signal processes
normally to get the best images. The user will want to apply standard signal
processing such as scenarios. The most commonly recommend filters are:

« Ons radargram editing

+ Background removal

« Spectra+Gain/Bandpass filtering

« Migration (as an optional filter)

« Hilbert transform (as an option)

« 3D radargram volume generation

« Interpolate empty voxel cells in 3D volume

The first 4 processes should always be implemented on the multichannel
dataset as recommended. A new Spectral + Gain menu can also combine
bandpass with real time gaining

Ons Radargram Editing

The Ons editing is a critical step. The user should experiment and view the
Ons edited radargrams of the extracted channels to make sure their settings
for the Ons triggering and detection look reasonably good. In this example
above, a threshold of .2 on the peak response is set. If there is digital noise
before the ground wave, the a few samples can be skipped on the radargram
pulse to start the detection. In the example this value is currently set to 0
which means that detection will start on the top of the pulse at sample 1. The
digital noise before the ground wave may vary from dataset or manufacturer
to manufacturer. The triggering can also be brought back a few samples if
desired using the backup N samples option in the menu to give a better
estimate of the first recorded ground wave pulse. The settings for any
particular dataset may need to be adjusted for the best results. There are
several methods to detect the ground wave:

Method 1 - calculates a moving average on the pulse and the next sample
value is N threshold higher then a the detection is made.
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Method 2 - finds the first peak pulse above the threshold. If one wants to
define the rise before or after the first peak, then the N backup should be set
to an appropriate value.

Method 3 - finds the first zero crossing after the peak response is detected.

After the Ons editing is done, a new information file, infochannelsedit.dat
is automatically generated which will have the new samples/scan of the Ons
edited radargrams which are written to the \edit\ folder of the project. After
completing the Ons editing process, the user needs to go back to the Edit Info
File menu and click on the infochannelsedit.dat file as the active information
file. A new option exists for the radargrams to be resampled to their original
digitization as well.

)
\edit\ - -
truncate samples input directory infochannels.dat
sample start | 3 append . \radar\
end 399 ident c \ =
resample LI010001.dt
- \ilter\
\edit\ truncate horizon1 ‘ ~  \migrate\ L1920001 dt
¢ Nnilbert: LI030001.dt
\edit\ auto Ons - \boxcar\ L1040001.dt
line-by-line + ¢ \bandpass\ L1050001.dt
truncate
«  \topo\
method P - Line-by-line time 0 offset X
auto Ons ¢ \regain\
1 i scan-by-scan + ¢ \deconw
i truncate ‘@ \work\ \topo\*.hoz time 0 line-by-line offset files generated via median values
i = min time 0 sample= 27  LI080001.dt
“'reshw\s e :whlte\an\ max time 0 sample= 107  LI070005.dt
C nmo'
Threshold(.05=>5%) 25 Lo |
start from sample N 0 [ErToev T
backup Nsam| r
- pth 5 1pNth kit 0 T starting radargram# | 1 L1140001.dt
() 2 - F
MEHIogRIz INTIEShOICDICACH SNSAMD #of radargrams | 90 LI1150001.dt
" method 2: Npeak response - Nsamp [ riitithread brocesain =
" method 3: Nzero crossing - Nsamp . P . ) L1010002.dt
[v' processing graphics
. L1020002.dt
. ~ autoscaling
\edit\ scan resamp \ 50% L1030002.dt
e Iength\ 512 60% Radargram Editing
70%
\edit\ truncate scans 80%
start scan ‘ 0 append tsamp- 90% *** switch to c:\multichannel\stream-demo\infochannelsedit.dat information
ident 100% file —
end scan | 0 110%
125% v iy
\nmo\ normal moveout —
vel (m/ns) 116 i e
TXRx (m) chan 1: : BlueB¢ :
" scan-by-scan
append all radargrams | @® line-by-line next> ‘ <prev |

append name

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

Background filtering is usually necessary for multi-channel systems to
better balance the channels and to remove banding noises. The
background filtering process is run on the \bandpass\ folder. Note, a long
filter length - greater than the total length of the radargram - should
normally be set here to insure that average scan removal across the entire
radargram is calculated. With autoset engaged in the Filter menu (see the
screen shot in the following diagram) for background filtering, an artificially
high nhumber of scans will be used to calculate the average scan across the
entire radargram.

For multichannel processing, the average scan across the each
individual radargram, or across all the individual channels in the whole
project can be computed. Radio button options for setting the desired
background calculation: line-by-line, or channel-by-channel can be defined.
(Grid-by-grid is usually used for single channel surveys and computes the
average scan across the whole grid. This operation is not recommended
for multichannel datasets. Channel-by-channel background filtering may
have advantages in preserving linear features.)

@ rien ) richa t =
migration
\migrate\ 9 input directory infochannelsedit.dat
yeIcchynodel i pioex " \radan © [w2d3_083-1.rd3
dielectric [ 1479 3 L RSP batch
velmins (G076~ _Kirchhoff ¢ \resample\ ¢ |wa2d3_083-2.rd3 ———
078
width |43 € [Mitert € [w2d3_083-3rd3
o ‘# ‘ ¢ \migrate\ X “wms_oea.qms _ process 1: [bandpass ~]
gan |7 search  \nilbert\ .
samplestart [3 e Nooean [#) Background Removal - 0
sample end [ 372 "
@ \bandpass\
\hilbert\ hilbert ¢ \topo\
@ magnitude ¢ \regain\
" absolute ¢ \deconv\
\fiter.  autoset [ backgrnd C \edit
length | 99000  \work\
sample start| 3 ¢ \whiten\ £
sampleend|[ 372 backgrnd z
@ line-by-line channel- I U ."-'—l starting radargram# [ 1 &
(" grid-by-grid  by-channel ending [1
\boxcan stack boxcar
pete T—l  radar2d-size
width| 1 S
height 0 | T © auto-size e v i .
40% 335 35168 6 19! 3351790 5 3351605 351066 3351628 3351597
\whiten\  whiten-gain  whiten 50% T4 Ai203 e 1 gy L
hi-cut | 461 [06 0% o P i
lo-cut [ 783 MHz ;g: : S - = : e TR
spectra 90% e PN it e : L
LAY 100%
gainay 110%
= = 125%
\regain\ regain 150% T 15
€ on - 200% s
Bluebox wobble @ off £
= 3
\decon\ [V bandpass  cepstrum export 3
deconv gain =
1
impulse  spiking
‘ 335198 7 3351954 3351916 3351886 3351853 3351826 3351790 3351753 3351725 3351695 3351666 3351628 3351507 3351553
A3741818 4741816 ASAIBI2 AITATEN  AIAIG0O ATATEDE  AIVAIB06  AIVAIEDM AITATEOI AAIEDY AITAIBO0  AITAII9T AMAITOA e
00 33 71 102 162 107 3w »1 11
decons-w \deconvi fk
<
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Spectra+Gain

The first step after radargram editing is to regain the individual channel

radargrams by first entering the Spectra+Gain menu.

IDS Stream and Mala

Mira will normally have been collected as 16 bit ungained radargrams, so post
processing gain is always required. 3D Radar Geoscope may have had gain
applied depending if the data were pre-processed or not. GSSI Terravision is

recorded with gain in the field.

\migrate\
velocity model  block
dielectric [14.79
velm/ns [0.078
width [43
gain
sample start
sample end

uiﬂ

D

372

\hilbert\
@ magnitude
" absolute
\filter\ autoset [v
length [ 99000
sample start| 3
sampleend | 372
@ line-by-line " channel
(" grid-by-grid  by-channel

migration

)

kirchhoff

)

®
o
-
o
=

=
=
(]

=3

backgrnd

:

backgrnd

:

However, sometimes these data are not
characteristically gained very well since the GPR systems here only have a
limited number of gain points to generated gain during the recording.
Normally, this data will need some slight adjustments, particularly below the
ground wave to make better gaining on the data.

input directory infochannelsedit.dat
£ jaradan @ Iwad3 083-1.1d3 RSP batch
¢ \resample\ | w2d3_083-2.rd3
o~ \ilter\ ¢ [w2d3 0833 1A
@Bandpass Filter Settings: mala mira - richard potter - a X
7+ gain| 1411.25 gain reset [w2d3_083-1.rd3
z- lin.gain| 258 constant gain : > export as
; store gain curve =
exp.gain| 0 [ agc gain ng—
im) ain curve
\mala mia - ichard pottereditu2d3 0831 rd3
[T I o
L I Ieft mouse: set bandpass gans
#1111 i
THH /

gain step| 1
\boxcar stack boxcar
width| 1 —, 0L 1.

heighq 0 d— 1 - ]45

2 .|525

\whiten\ whiten-gain = whiten ||3 ~[7186
hi-cut 4617 .06 4 -[1199
lo-cut [ 183 MHz 5 -[1898
\bandpass\ spectra |bandpass |6 _[3318
8 5008

\regain\ regain 9 -|5596
€ on 10 - [647.8

Bluebox wobble @ off 1 - (6805

\deconv\ [V bandpass cepstrum 12 é;:gé:
deconv gain 13 - 1992.4
K 14 - [1068.7
impulse  spiking |decons;w | 15 - | 1098.2
G 16 - [1128.9

| b=
decans-w

+‘+|+‘+:+‘+|+‘+!+‘+ +i+\+‘+I+‘+\+

ight mouse: lockiunlock sc:

an
715 1691 20355

aw pulse

bandpass + gained puise

In the Spectra+Gain menu the first operation the user will do is click the
AGC Gain button. After this they will then set the lo-cut and hi-cut bandpass
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thresholds using the left and right mouse button on the power spectra plot.
They will need to experiment what a good bandpass setting is heeded for any
given data. (This data in the example required a very narrow bandpass to
throw away a lot of the low end noise. Typical data may not need such a
drastic-narrow bandpass filtering). After they set the lo-cut and hi-cut
thresholds, then clicking the Help Set button will design the bandpass curve
to match the half power points of the desired bandpass settings.

Bandpass

Once the Spectra+Gain are set the user will then run the Bandpass
operation in the Filter menu. The operation will run and batch and the user
can view the original ungained radargram with the bandpass and simultaneous
gain application during the processing. To save time the Processing Graphics
checkbox in the Filter menu can be shut off to stop the graphic display...This
checkbox can also be turned on at anytime to start/stop graphic previews
during and run operation.

\migrate\

velocity model  block

i ic [14.79

velm/ns (0078

width [43~
gain |7

migration

[7x]

kirchhoff

input directory
\radar\
\resample\
\filter\
\migrate\

infochannelsedit.dat
W2d3_083-1.1d3
w2d3_083-2.1d3
W2d3_083-3.1d3
w2d3_083-4.1d3

RSP batch

6 IR 59 @
i le Ne k!

process 1: | bandpass v

search

hilbert

backgrnd

sample start | 3
sampleend [ 372

\hilbert\
@ magnitude

(" absolute

\filter\ autoset [v'
length [ 99000

sample start | 3
sample end [ 372 backgrnd

@ line-by-line channel-m
" grid-by-grid  by-channel

\boxcar\ stack
width| 1 o
height 0
\whiten\ whiten-gain
hi-cut | 461

.06
lo-cut | 183 MHz

regain

Bandpass Filtering

\edilw2d3_083-1.rd3

depth (cm)

boxcar

3351916 3351886 3351628 335150.7
23741812 43741811 43741797 4374179.4
7 2 361 1

3351853 3351826 335179.0
43741809 43741808 4374180 6
134 162 197

3351753 3351725
43741804 43741803
2

3351605
4374180.1

335198.7 3351954 335166 6
43741818 43741816 43741800
whiten 00 3
x(m)
\bandpassw2d3_083-1 1d3

\regain\
C on
Bluebox wobble @ off

depth (cm)

\deconW\  [v bandpass
deconv gain

—

impulse decons/w

yel

cepstrum

3351987 3351954
43741818 43741816
00 33

3351916 3351886
43741812 43741811
71

3351853 3351826
43741809 4374180.8
134

335179.0
43741806
19.7

3351753 3351725
43741804 43741803
235

3351695 3351666 3351628 3351507
4374180.1 43741800 4374179.7  4374179.4
293 322 361

3351553
43741795
435

102 162 23 39.1

x(m)

decans-w |
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3D Radargram Volume Generation

After all the RSP including regaining, spectral whitening, and background
filtering are completed and if migration and Hilbert transforms are used, 3D
Radargram Volume Generation can commence. In this example the grid X,Y
cells is set so that the effective grid cell size is slightly larger than the crossline
separation of the antennas. Because of this, the initial 3D volume that is
created will not have any gaps in the volume (unless the density of the radar
pulses on the ground in the in-line direction). The menu wants the user to
also set the total number of grid cells in Z direction. The full radargram pulse
or some decimated sampling of the pulse can be used to generate the 3D
volume.

The XY grid cells are normally set to closely match the cross line separation
of the antennas in the multichannel system or slightly larger. However, cells
sizes which are even smaller than the antenna separation can be used. In this
instance, when the volume is initially made, there can be cells with no
information written. A button called Interpolate GAP can be used in the menu
to quickly interpolate nearest neighbors using an inverse distance algorithm
at these cells to fill in the gap. A value of x search cells=1, y search cells=1
setting for interpolating the gap will look out 1 cell in each x and y directions
to take an average of all cells found nearby with data. Values higher than one
in either search direction can also be used in filling the gaps, particularly if
grid cells smaller than the cross line separation is desired. The interpolated
volume will have an append identifier of “int” automatically placed onto the
new 3D volume name. There is also a button to smooth the compile 3D
volume using a new 3x3x1 volume filter provided in the menu which will
automatically add a “I” appended identifier onto the smoothed volume.

Optionally, the user can set the focus checkbox option on and generate a
3D volume with just a portion of the total area and depth of the volume. Often,
if deeper data is noisy or the signal strength is attenuated, the sample end
can be set to a value much shallower in depth. This can also help to make
the 3D volume size more manageable if a good graphics card with a lot of
memory is not available. In this example only 100 grid cells in Z are desired
- which corresponds to about every 2nd sample of the digitized radar pulse
which is 235 samples long after editing. The number of Z grid cells can be
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set to the exact sample length as well - generating a volume that is exactly

the total resolution of the recorded pulse.

Heavy volumes though, may

sometimes have limits in Open GL if a good himemory graphics card is not be

used.

Za
o/

3D Radargram Volume Generation:

c\kisatchie\stream-demo - b

3D ﬁlename| rad3d.dat

I create radar3D file I

grid cells XY ] 650

[0.1

grid cells Z [T xy cell size

channel remove [—
samples to Ons lg_
sample start [3_
sample end [W

X start

[~ focus

I Help Set '

infochannels.dat

x block size

3d block creation

¢ fradan
Li010001.dt
Li020001 dt ¢ resample\
LI030001_dt @ fiten
Li040001 dt Ol
LI050001 dt = o
LI060001 dt

C \boxcar\

304513.

0 L1070001.dt

block size | 0 andpass\
xend [304578. y e L1080001 dt ¢ bandp
Show blocks | L1090001.dt ¢ |topo\
start

y 4664343. 11100001 dt i

Yend |4664357
x search-cells 1 interpolate gap
y search-cells | 1 interpolate all Input Directory \fiter\
inverse dist wt 2 smooth

Input File L1010005.dt
H_calibration_curve H_calibration_ma Compiling 3D File rad3d dat

H_calibration_constant

show cal I

1 2 3 4 5 6 7 8 9
N EN KN N EN

12 13 14 15
1

1
[4 [ T2 0[1 1]

3D Radar Size 650 x 140x 125

Compilation Processing
cancel

L1080002.dt
L1090002.dt
L1100002._dt

next> | <prev |

68% Complete
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Interpolate Gap

The compilation of the 3D volume can also generate volume with a lot of
missing cells. This can happen if the crossline spacing of the antennas in the
array are larger than the grid cell size. However, it can also happen if the
density of recording along the array track is less dense then the grid cell size
in XY. An example of a volume that can be generated if some cells are empty
is shown below. This is examined in the Open GL Volume - Texture Method
menu. In regular Open GL menu the look can be different. The reason being
is that the blending between cells with data is handled slightly different. For
example, if a volume were generated with no location in the volume where
adjacent cells had data, Open GL Volume might show the entire volume as
blank — whereas Open GL Volume - Texture Method may show some of the
cells that were filled.

In any event, the data at the desired cell density needs to be interpolated
to fill the gap. An inverse distance algorithm is used to only examine empty
cells and to interpolate into that cell using the surrounding cells. A search
search size of 1 cell in x and y instructs the operation to look out 1 cell in each
direction from the empty cell to locate cells with data. Only 1 additional cell
needs to be detected for the empty cell to get filled.

[ GPR-SLICE - Open GL Volume Display: f3d.dat
helpset FUCUSI_ coleut | ————— color| up [ In0 | dn |~ Io»hicut| LI psp- |psp+‘ dn | up slow| fasti bmp| ipg || zmira  identfier

-3 18. |0 transp ﬁ}i Xy —_}— v-xfm hrzn| net| cont| z- |1. z+ ‘ xy-12.1 xy+| stop | It | t I make animation | beta google kmz’
41. 101 |65 4" lite iso-L| 75 iso | X |Y | Z | H | rxfm || \radar\ v step- step+[ bouncelstore| rot-xy rot-zl trajectory anim.

grid2d [GPS/xypit <[~ fil  stat | export | 2Doff | O s | R [Liotoootdt  +|z F————— clear| file | [~ Z-solid-beta

zscan=" Zz=0.cm

! | I [
304513 304523 304533 304543 304553 304563
x (m)

304573
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To fill in the gaps in the 3D volume, the Interpolate Gap operation is run. In
this example, the x and y search-cells is set 1. The searching looks an equal
distance in all directions to fine nearby cells that have data for the inverse
distance interpolation. (Optionally, a button called Interpolate All can be used
to recalculate all grid cells using nearest neighbor search and inverse
distance). The inverse distance weighting exponent (same as in the Grid
menu) can be set prior to interpolation. Lower exponents - e.g. 1 will give
nearly equal weighting to all cells included whereas 2 or higher will weigh the
closest cells higher.

3D Radargram Volume Generation: c:\kisatchie\stream-demo - O
3D filename] rad3d dat create radar3D file l
grid cells XY | 650 0.1 Help Set infochannels. dat
gideelsZ [qz5  Meelsze [Li010001 dt O
channel remove l LI020001_dt (" \\resample\
samplesto Ons | 3 ™ focus lLI030001,dt (@ \filter\
S | LI040001 dt C loigude)
’ - [L1050001 dt =
sampleend | 5 ¢ \hilbert\
P 512 3d block creation ] LI060001 dt ;
xstart  [304513 x block size [0 [ Li070001.dt Cboxea
lock si ;
xend [304578 | block size| 0 [ L1080001 dt ¢ fbandpass\
show blocks L1090001 dt ool
ystart | 4664343 !_“mm : ({ROD

Yend [4664357 3D file gap interpolation fill:  c:\kisatchie\stream-demo

x search-cells 1 interpolate gap
y search-cells 1 interpolate all
2

inverse dist wt smooth Input File rad3d.dat
H_calibration_curve H_calibration_man/ | output File intrad3d.dat
H_calibration_constant show cal | r¢ 3D Volume Size 650 x 140 x 125
1 2 3 4 5 6 7 8 9
EN KN El ElN EN EN El El EX
36% Complete
1 12 13 14 15
[4 T+ 0[* 01 (4]
cancel
[ L1070002.dt
| LI080002.dt
| LI090002.dt
| L1100002.dt

next=> | <prev
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The hardwired identifier “int” gets appended onto the new interpolated 3D
filename. This new filename must be selected in the Open GL Volume select
3D volume menu, as it is not automatically set to be the 3D volume for
viewing.

An example of the previous dataset with interpolation is shown in the next
figure:

ocus [~

helpset v | psp- |psp+| dn | up |slow| fast pg | zmira  identfier

-3. 18. |0 transp J— xy —_}— v-xfm hrzn| net‘ cont| z | 1. |zt | Xy- ny+| stop | It | rt [ make animation | beta google kmz
41 101. |654 [~ lite iso- Ll 75 iso Y | Z | H | rxfm ]\radar\ LI step- step*' bounce|s10re| rot-xy rot-zl trajectory anim. |
grid2d [GPSixyplt » | fil  stat | export | 2Doff [ O s [ R [L0t000Tdt  ~|Zz F————— clear| fitle | ¥ Z-solid-beta

AT D2 =60 . S5crm

4664534 B>

304513 304523 304533 304543 304553 304563 304573
X (m)

Multichannel Calibration Gain Curves

Multichannel systems that are being manufactured can suffer from channel
imbalances. Even identically manufactured antenna that appears to be
identical can have varying gain and frequency responses as well as differences
in directional responses. In an attempt to improve the gain balancing
between multichannel systems, a new H-Calibration Curve operation is
available in the 3D Radargram Volume Generation menu. The calibration gain
curves should normally be generated from Hilbert transformed radargrams.
This allows for the easiest gain comparison between the different channels.
The calibration curves are normalized between the strongest channel at each
sample in the digitized radar scan. An example of a 7 channel multichannel
system and the calibration gain curves calculated between all the channels is

63



shown in next figure. For this equipment it can be seen that channel 1
appears to be the strongest channel except at the top portions of the radar
scan, where channel 3 is the strongest. In the generation of the 3D radargram
volume, these gain curves will be applied to the corresponding channel during
compilation. Should the user want to shut off using the calibration gain
curves there is a Reset button which will set all the gain curves to 1 across the
scan. A button called H-Calibration Manual allows the user to manually set
variable constant gains across the gain curves and this will read the single
channel slots in the menu to insert these values.

©)] 3D Radargram Volume Generation: Glanluca_IDS_Stream - O
3D filename| test3d_dat create radar3D file ) Multichannel Calibration Gain Curves Glanluca_IDS_Stream - O ﬁ‘
3 6 7

gridcelsXY [330  [02  HelpSet
grid cells Z W xy cell size
channel remove ’7
samples to Ons ’37 [v focus
sample start ’37

sample end | 200 3d block creation
x start 0. x block size | 0
block size
x end 15 ¥ : g
show blocks |
y start ‘ 4
Y end [ 62
x search-cells 7 interpolate gap
y search-cells 2 interpolate all
inverse dist wt 1 smooth
H_calibration_curve H_calibration_manual
H_calibration_constant show cal ‘ reset

2 3 4 5

&)_\'O_TO_!O_[_O_FO_%O_
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Examples of Multi-Channel Imaging

Examples of 3 manufacturers: the IDS Stream, Mala Mira, and the 3D
Radar Geoscope and images generated from these multichannel systems are
shown in Figures 2-4. The quality and resolution seen with the new
capabilities in GPR-SLICE without slice/resample and gridding menu is now
showing the true capabilities from these state-of-the-art multichannel
systems. The manufacturers have solved a lot of engineering issues in the
last 18 months which have significantly enhanced the balancing of individual
antenna elements which has also greatly improved the image quality.

A recent survey done for a 1.5 hectare section of the Carnuntum site in Austria
with 1232 radargrams was compiled to a 3D volume in just 75 seconds - after
which viewing in Open GL Volume Texture Method menu could be easily
accessed!

Here is a GPR-SLICE image of the data collected at Dr. Salvatore Piro’s CNR
Workshop ITABC in Rome made from the IDS Stream 15 channel/12 cm
configured GPR system:

GPR-SLICEsvz.0o Multi-Channel

(Data courtesy Gianfranco Morelli of Geostudi  Astier,
Italy, www.geostudiastier.com)
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A GPR-SLICE image was generated from data collected at Idaho National
Laboratories using the Mala Mira multichannel GPR system. This equipment
was used in a 16channel/8cm antenna separation configuration:

© GPR-SLICE - Open GL Volume Display: inl-waste-mira: filter3d.dat
cus ut C ut -

colct color| up| In0

¥ Z-solid-beta

(Data is courtesy of Shawn Williams, Idaho National Laboratories.)
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A GPR-SLICE image made from data collected at an archaeological site in Norway
and using the 3D Radar Geoscope multichannel system is shown in the next screen
shot. The equipment was configured in a 31 channel configuration with 5 cm
separation between antenna. The image shown used only half the channels with
similar frequency responses. (The data was collected by Kevin Barton of Landscape
and Geophysical Services in Ireland and courtesy of 3D Radar Norway).

© GPR-SLICE - Open GL Volume Display: 3dr-compare: linttestA3d.dat
helpset [fOCUS [ colcut % color| up | In0 | dn|{[¥ lo-hicut v | psp- |psp+| dn | up |slow| fast bmp| jpg | zmira identfier

—37’187’07“'3"59 Ji E —J— v-xfm hrzn[ nel‘ cont[ z- 1. z+ | Xy- IT xyﬂ stop | It [ t ‘ make animation | beta google kmz
T’T 65.4 lite |s_o-LJm iso | X|Y ‘ z | H ‘ r-xfm [\radar‘\ L‘ step- step+‘ bounce ‘stare{ rot-xy rot-z] trajectory anim.

grid2d [GPS/xypit »|[™ fil stat | export | 2Doff | O | S | R |LI010001.dt vz F———— clear| tile || [V Z-solid-beta
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3D Transform Setting in Open GL

With the new 3D Radargram Volume Generation menu, it will be more common to
also generate volumes of the processed pulses. For this reason, it was useful for
GPR-SLICE to have additional transforms to optimize the colorization of pulse 3D
volumes. Bipolar transforms 1-4 are now included in the 3D and 2D transform
controls (see next screenshot). The bipolar settings are necessary to adequately
colorized both positive and negative parts of the radar pulses. The quick bipolar
buttons create a series of gradual to steep transform changes across the zero of the
+/- pulse data.

In addition, there is a flag to engage or disengage the lo-cut/hi-cut threshold
settings for N standard deviation from the histogram mean. This checkbox can be
set directly within the 3D Transform menu, or it can be engaged/disengaged directly
in the Open GL Volume menus. Each time the transform menu is exited or the lo-
cut/hi-cut threshold is checked on or off directly in the Open GL menu, the
transformed data volume needs to be re-read into memory.

© GPR-SLICE - Open GL Volume Display:
| helpset [focus [~ colcut |—un—— &Ioﬂﬂ In0 | dn

gianfranco-stream-cnrB-2010: lintinterval3d.dat
lo-hicut ~| psp- [ psp+| dn bmp| jpg | zmira  identfier

up ‘ sluw[ fast |
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41 101 654 lite |so—L’T§ iso XY ‘ 74 ‘ H | rxfm ‘\radar'\ .L, s!ep—[step*»‘ bounce Is!ore| roi—xy‘ ro&—z‘ trajectory anim [

grid2d [GPS/xy pit < ]I fil _stat | export | 2Doff [ O | s | R [1i010001 dt ~|z clear | title | ¥ Z-solid-beta

8l

, Y ]
lo-cut/hi-cut =
e"gag T e et

,T lo-cut

Toou=45_ Moo 65

color table
+
m—
sqr(logarithm)
logarithm

square root
cosine

linear
bipolar1
bipolar2
bipolar3
bipolar4
square

exponential
exp’2

Nstd.dev | 3

088"

68



Gridblock Operations

When multichannel datasets get very large, the compilation of these sites to a
single 3D volume will reach its memory limit. To overcome this GPR-SLICE was
developed to create partition a site into equal size blocks and then to seamlessly put
these blocks back together in OpenGL or in a specialized Pixel map menu. In particular
when sites are above 100x100m or even less depending on the density of the
multichannel array or the desired density to achieve in the 3D volume, the site can
be broken into blocks of a convenient size, e.g. 50x500r 20x20m. The blocks can
also be rectangular in length. An example of a block gridded site is shown in the
diagram below. In this example the total site is represented by 7 blocks. On creating
the 3D file, individual blocks with 1- to N- are appended to the 3D filename. The
interpolate button will also automatically interpolate across the gridblock dataset and
make a whole new set of 3D files with “int” appended to the filenames.

®

3D filename| h.dat create radar3D file input directory infochannelsedit.dat -

@ GPR-SLICE ~ GPS/Nav/Vector Track Map:  c\gpr multichannel\raptor example - overlay\

godlcellshy 683 0.085 Help Set | x-offset [ 0 xyz offset del double gps del double times del bad gps int bad gps 1
grid cells z 149 xy cell size y-offset | 0 Xyz tran del double scans del 0,0 null error | A int time gps | len
oh | = z-offset | 0 Xyz times del extra gps extend gps del bad elev int double gps fil
[— ‘ EEELD B0 SUEis Npt-traj | 1 info offset del -scan# conversion | UTM-Universal Transverse Mercator | de
samples to Ons | 3 [~ focus set vector vx.vy.vz | total GPS survey length = 119136 m *blue dots - inside GPS precision settings
# of GPS outside precision = 0 cut of a total of 37192 .magenm dots - outside GPS precision settings
sample start| 3 multiply vx.vy.vz
sample end | 152 [¥ track |black =]
xstart | 670316 3d block creation lidots
xend |670374. blook ol [V start/stop
ystart [5752637 * m?f;k :;Z 587 [~ cross
yend |5752689 4 = redraw 5752887 6
x overlap size | 0 plot+
y overlap size | 0

| show blocks | [~ edit track

@ 16 bit integer " 32 bit integer

@ one po\nt 5752677
x search-cells 1 interpolate gap  till start
y search-cells 1 interpolate all « till end
inverse dist wt 2 rt-mouse=del pt

5752667

[ box delete ‘f:

H_calibration_curve show cal \ reset to 1 apply \ delete< precision

gpsquality

R R R 0-fix not valid/off
hdop | 1000
Nsat | 3

It-mouse=move pt

5752657

5752847

show gps file

0 rotate track

names on/off

store track map
track.jpg

5752637 T T
670317 670327 870337 870347 670357 670367

x(m)
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The individual blocks are available for opening separately in OpenGL. To show the
entire gridblock dataset one will open the select 3D volume menu and highlight the
gridblock dataset. Then they will use the OpenGL Volume + Gridblock operation to
display the gridblock dataset in OpenGL. OpenGL displays in gridblock mode are
limited to time slice displays. Isosurfaces and other features are disabled.

®)GPR-SLICE:  Ground Penetrating Radar Imaging Software: c\gpr multichannel\raptor example - overlay

File Reverse Navigation Slice Grid Pixel Radar 3dvolume Filter Static Animation Help
project| folder | option | I radar select 3d file

slice| ==l

volume cylinder warp

)30 Datasets
volume tunnel warp

- 3D Volume BNG

convert/extract 3d binary to xyza ascii gridblock-h.dat

convert/extract 3d binary to xyzg ascii gridblock-hh.dat

gridblock-inth.dat I

convert/extract 3d binary to xyzirgb ascii gridblock-inthh dat

convert/extract 3d binary to xyzirgb+topo ascii h.dat

convert/extract 3d binary to xyn trace ascii int1-h.dat
int1-hh.dat
convert/extract 3d binary to segy3d - beta int2-h.dat

extract 3d volume xyz planes

reconfigure xyz to xzy volume size XYZ 708 x 708 x 149

vector volume rotation/translation/addition X start 670316

— X end 670376
OpenGL Volume

OpenGL Volume + draw Y start 5752637

- Y end 5752697
OpenGL Volume + gridblock

Z start,ns 0
OpenGL Volume + gridblock + draw

Z end,ns 291

OpenGL Volume xyz-2d data min 32767

OpenGL Volume xyz-2d + draw
data max 65533

resolution 16 bits

[@)GPR-SLICE:  Ground Penetrating Radar Imaging Software: c\gpr multichannel\raptor example - overlay
File Reverse Navigation Slice Grid Pixel Radar 3dvolume Filter Static Animation Help

select 3d file

volume cylinder warp

volume tunnel warp

convert/extract 3d binary to xyza ascii

m ay:  gridblock-inthh.dat
convert/extract 3d binary to xyzg ascii ceut |—————— color up| n0 dn| gxl &

cole In0 | dn | | psp- psp*\ t| ‘ dn \ up
convert/extract 3d binary to xyzirgh ascii ransp ———— - F—— vX—F’X | n1 nE‘JEJ 191 v | — speed
t3d binary to xyzirgb+topo ascii “lite J 75 J ! z|H [ I?f)?)’ 1= H ‘hibertt ~| | step- slep+| bounce ‘slore‘rol—xy -|n
convert/extract 3d binary to xyn trace ascii 1 stat | export | 202| 0 | 0 | s | R |AlledAss_001_A0Tip =]z | “olear| (4L'Lme BN

convert/extract 3d binary to segy3d - beta

extract 3d volume xyz planes 5750607 zscan=1 ; t=0.0ns  z=0.0cm

reconfigure xyz to xzy
vector volume rotation/translation/addition
OpenGL Volume 5752687 &

OpenGL Volume + draw 65533

| OpenGL Volume + gridblack 5752677
OpenGL Volume + gridblock + draw

OpenGL Volume xyz-2d

5752667 49150

y(m)

OpenGL Volume xyz-2d + draw

5752657 _|
32167

5752647

5752637 o . ; y
670316 670326 670336 670346 670356 670366 670376
X (m)
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There is also a menu in the Pixel Map pulldown to draw the gridblock dataset. In
this menu the user can achieve almost any pixel size resolution up to nearly 65k
pixels in both x and y. This menu should be used for making Google Earth or Arc
GIS image files as the full resolution of the site can be achieved.

Epjro:jicﬂ lclder|aphon T radar open‘

e ctira | Bl || GL -
(@) GPR-SLICE:  Ground Penetrating Radar Imaging Software: ~cigpr multichannel\raptor example - overlay

File Reverse Navigation Slice Grid Pixel Radar 3dvolume Filter Static Animation
project| folder | aption | 7 | radar
[ ="

slice

Help

2d time slices
2d time slices composite
2d time slices from 3d gridblock |

split sereen: time slice-radar 20

k Time Slices:  cgpr multichannel\raptor example

split screen: time slice-radar 20 + 3D

mosaic correction
int7-hh: zsean=3 Gme=08ns depth=2.8cm
i I

5752607 . . . . L .
[ gridblock Maps:  c\gpr multichannel OpenGL 2d (m] b
5 5752682 r
itle1 gridblock | gridblock-inthh dat
itle2
5752687 - r
. slicet [ 3
grids | 7 draw gridblock fﬂ
batch gridblock [ |int1-nh.dat 5752662
[+ |int2-hh.dat
= |int3-hh.dat
[¥ focus = |intd-hh dat 5752677 - r
X0 | 670316 ¥0 | 5752637 nt5-hh dat
g -hh..
1| 670376 ¥1 | 5752607 gl
[+ | int8-hh.dat 5762672 | L
—_— int7-hh.dat
overall gain 1 xform =
F E
60% = 5752667 - L
70% ol
80% =
90%
100% 1= 5752662 r
110% ~
) 125% F
autoscaling 150% 5752657 - [
origin X[ 140 Y [ 100 |200% ~
length X Y 300%
g 1400 1400 ~
ol 5752652 - r
€ tif Cbmp C jpg world file r i
Cpng & off kmz file ] =
5752647
utmzone | 30 F
a opacity ~ F 1
i 5752642 3 %
Cutm  © latlon © off '
a
xsw [0 xne [0 = %"*%
ysw |0 yne |0 d 5762637 T T T T T T T T
B70316 &70321 670326 870331 670338 B70341 ET0346 B70351 870356 670361 670366 670371 B70%
xse [0 xnw |0 F x(m)
yse |0 y-nw | 0 ol
onfoff | next> | <prev
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Multi-Channel BlueBox Batch Processing

Complete batch processing for all the multi-channel radar systems are available using
BlueBox(c) Batch processing menu in the GPR-SLICE. The BlueBox — Customized RSP
menu will handle the data processing from raw conversion all the way through signal
processing and to compilation of a 3D volume. The BlueBox Batch runs can be launched
with a single click of the mouse. The BlueBox Batch runs can include data demultiplexing
for some manufacturers. The typical filters used in the Bluebox are:

@ Filtering: c\kisatchie\stream-demo\

\migrate\ migration
velocity model | constant
dielectric | 4.83
vel m/ns | 0.137 kirchhoff
width | 71
sample gain| 5 search
stat [ 3 end| 512
dip angle limit ?‘
\hilbert\ hilbert
® magnitude B L~
« absolute LU |
filter\ autoset [+ backgrnd
length | 99000 l:O_]
sample start| 3
sample end | 512 backgrnd
07
\boxcart boxcar
width [ 2 samp start| 3
height 2 samp end | 512
\whiten\ Wwhiten-gain whiten
hi-cut | 633 05
lo-cut | 96 MHz
\bandpass\ spectra bandpass

gl 0

\regain\ norm regain
norm gain 1

equalize gain 05

egqualize sample length | 51

\deconv\ [~ bp decans/w

equalize

k<

cepstrum

deconv gain H kl
[ 100

S|

impulse  spiking

decons=w

EollE

I

e Background filter
e Bandpass + simultaneous gain
e Kirchoff migration
e Hilbert transform
- O
input directory infochannels dat
~ |\radan ® [L1010001.dt RSP batch
| \resample\ | LI020001.dt
 |vilten © [L1030001.dt
~ |\migrate\ ¢ [L1040001.dt process 1° | background ~]
| hilbert\ c [L1050001 dt
| \boxcar\ | LI060001.dt
 |\bandpass\ ¢ [L1070001 at process 2: [ bandpass ~]
- | \topol © [L1080001 dt
¢ | \regain\ | LI090001.dt
| \deconv\ | LI100001.dt process 3. | kirchhoff migration -
e edity © [11110001 dt
| \work\ | L1120001.dt
~ |\whiten\ c [L1130001.dt process 4: -
~ [\nmo\ © [L1140001 gt
starting radargram# | 1 g = 10001
| LI010002.dt process 5 -
ending radargram# | 90 ¢ [L1020002.at
¥ multithread processing 5 Lloaooaz‘m
I processing graphics ~ [L1040002.dt e
40% © [L1050002.dt
#ofrows [2 50% ~ 11060002 dt
‘
originx| 100 ¥ | 130 gg;: © | LI070002.0t process 7 | ~|
length x[ 1500 y [ 400  goo © [L1080002.dt
shitx' 0y | 530 90% © 11090002 dt
100% ¢ [L1100002.at process 8 | ~]

110%
125% _next> | <prev |
150%
200%
300%

export |
reset log
Filter Process: bandpass filter l
last executed on 07-15-2018 20:18:28
1k filter info file=  infochannelsedit dat

\deconv\

input folder=\edit\
IjD #of files= 90

During the BlueBox Batch runs the user can prompt the software to show a menu to
manually adjust settings before batch operations are continued. In particular, the
Bandpass filtering + simultaneous gain the user can click the checkbox in front of
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bandpass to set a proper gain curve and lo-cut and hi-cut frequency thresholds during the

batch op

erations.

A typical BlueBox menu detailing all the steps for complete automatic processing from

start to finish for a project is shown below:

@ GPR-SLICE  Ground Penetrating Radar Imaging Software: mala mira - richard potter

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

create n
transfer
create n

ew project
data
ew info

edit info file

convert

data

grid plot

gps trac

BlueBox

BlueBox:
BlueBox:
BlueBox:
BlueBox:

BlueBox:
BlueBox:

BlueBox:
BlueBox:

k

BlueBox batch processing
: load/save

basic
basic + RSP
basic + editing

basic + editing + RSP

xy decoupled gridding + RSP
xy decoupled gridding + editing + RSP

xy decoupled volume + RSP

xy decoupled volume + editing + RSP

BlueBox multichannel batch processing

: Mala Mira - customized RSP
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:3!8\\1553« Batch Run - O X

infochannels.dat
number of channels = 8

[v processing graphics

l BlueBox Run: Mala Mira |

user step 1: import \raw\ in Create Info File menu

user step 2: click Mira to Nav with infomain.dat in
Edit Info File menu

user step 3: click Array to Nav with
infochannels.dat in Edit Info File menu

user step 4: start the BlueBox Run

blue 1: extraction

blue 2: conversion
(wobble on)
blue 3: navigation

blue 4: radargram editing
(threshold=.15 Nsamp back=0)
blue 5: rsp batch
[v bandpass
background (nlen=99000 n1=3 n2=406)
hilbert
blue 5: radargram 3dvolume - prompt v
¥ help set (xy gridcellsize=.08)
[v interpolate gap (intx=1 inty=2)
compiled folder=hilbert
blue 6: Open GL

Q

2

set all




