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Introduction for Multi-Channel GPR Systems

GPR-SLICE v7.0 Multi-Channel

< 0 1 S B
it

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 Multi-channel GPR systems, including:

IDS Stream

IDS Hi-Brite

Mala Mira

3D Radar GeoScope
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 v7.0 software menus for users that have this additional
license authorization. Fast 3D volume generation directly from processed
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radargrams, as well as BlueBox Batch runs is available for multi-channel
licenses.

Multi-channel GPS systems approaching 5-12 centimeter spacing
between neighboring antennas and systems with smaller more manageable
sizes from 4-8 antennas with dimensions on the order of a meter or less are
being built by the manufacturers. To accommodate the present and future
multichannel systems, GPR-SLICE has taken an unexpected evolution since
the fall of 2010. The “hallmark” of GPR-SLICE software was and still is the
proper interpolation of coarsely profiled datasets. However, with multi-
channel systems, because the profile spacing is very narrow, the necessity
for interpolation between radar lines is not necessary. A new menu to
directly compile processed radargrams to the 3D volume is now
available for multichannel licenses! The new 3D Radargram Volume
Generation menu can be used to compile 3D volumes directly without having
to enter the Slice/Resample menu, Grid menu or the Pixel Map menu.
Some of the key changes in GPR-SLICE to accommodate the new operations
included recognizing unresampled data in the compilation of the volume.
Resampled data is not required and radargrams directly from \radar\ folder
or from any folder processed from the \radar\ folder can be quickly compiled
to the 3D binary volume.

This addendum manual is provided since there are different set of
operations required. 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 placed process
radargrams from these GPR systems into the 3D binary volume for viewing
in Open GL. The user of multi-channel systems can still use the
slice/resample and gridding menus if so desired. This manual is dedicated to
showing the streamlined features to obtain full resolution imaging that is
provided from the native multi-channel systems that are being used. The
generalized instruction set and then the specific operations for each
manufacturer, IDS Stream, Mala Mira, 3D Radar Geoscope, and the
Terravision are explicitly given in their own sections. The last section of this
manual will introduce the new BlueBox Batch runs for all 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

bandpass+gain

background filter

migration (optional filter)

Hilbert transform (as optional/recommended filter)

8) Compile the desired processed folder into a 3D binary volume in the
Radargram 3D Volume Generation menu

9) Display the data in Open GL or the Pixel 2D - multichannel menu

The specific operations up until Step 4) listed above are shown separately
for each of the main multi-channel manufacturers in their own section in this
manual. All the operations from Step 5) onward are then presented
collectively as these are the same for all the equipment at this part of the
data processing stream.

Many different system configurations have been built by the GPR
manufacturers over the years containing a different nhumber of antenna
elements as well as offsets. GPR-SLICE kept all these different
configurations known and previously only allowed for hardwired imports
which the user was not able to adjust on import. Many of these older
systems are no longer being manufactured as well. Also, should GPR users
have customized their systems then the hardwired imports of navigation



were not initially flexible enough to accommodate adjustments to the
system.

A new feature in the Create Info File menu allows the user to easily
define the configuration of the GPR system initially by setting x,y,z offsets
from main track/GPS position. After this is set the information files can be
easily made. This new menu will override older operations for creating the
infomain and infochannels navigation files and gives complete flexibility to
easily adjust the configuration of the multichannel array in the software.

Create Information File: D:\kisatchie\stream-demo - O
filename ’W create profile name x offset y offset z offset GPS/Nav
#atties [ 11010001 dt 0 0 0 0
LI010002.dt 0. 0. 0. 0.
fle identiier eg fie__000 LI010003 dt 0 0. 0 0
ending identifier ¢ dzt  .dt1 C .rd3 C .sgy " custom LI010004.dt 0 0. 0. 0.
@ dt  .dat O rad  gsf L1010005.dt 0 0. 0 0
name increment | 1 LI010008.dt 0 0. 0 0
name start | 1
r Edit Information File: D:\kisatchie\stream-demo\infochannels.dat - E
? W oy %g ES Eﬁ!iv fhes gps’-ﬂg\ep@e ext :g;gbdaa;,dat ~ profile name x offset y offset zoffset  GPSINAV
hd 1  |-081 0.37 0 0.
Xstat g Xend [0 2 [LI020001 dt c [-060 0.37 0. 0.
Vet [0 Ve [0 infochannels dat 3 [L030001 dt c [os7 037 0 0.
save edits_| 4 [ L1040001 dt c [-045 037 0 0
IDS Stream n shift x0 | shiftx1 | name + 5 [Li050001 dt « [-033 037 0 0
-1 shiity0 | shifty1| name- 6 |LI060001.dt ©|-021 0.37 0. 0.
infomaindat and infochannels.dat profile information files generated Eg:: ;3 Em:z ;1 ::\eetz 7| Ll070001 dt » |l 0.3 0 o
— 8 [Li0go001 dt c [oo03 037 0 0
. 9 | LI090001 dt « [o1s 037 0 0
10 |LI100001.dt (027 0.37 0. 0.
11 | LI110001.dt  |0.38 0.37 0. 0.
12 [LI120001 dt r [os1 037 0 0
I . %’ IDS get xy DS getts 13 [ 11130001 dt c [063 027 0 0
** multichannel aeneral 14 |L1140001.dt  |075 0.37 0. 0.
DS Gred export v next> NMEAto utm Array to nav 15 | LI150001.dt C |087 0.37 0. 0.
EDIcY NMEAto nav_| IDS Stream Geo 16 [LI010002.dt - [-o081 037 0 0
[¥ multi-channel Ntracks [6  trackstar#f [ 1 brwse x0x1y0y1 | IDS Sstamp utm 17 [Li020002.dt  [-089 037 0 0.
NehaeE]] 15| wzionay_ | IDS Stamp nav 18 [Li030002t o [os7 037 0. 0.
offset file >=set to 0 for channel inputs belo GPS getlist | IDS Tstamp utm
e 1251567 5.5.10.11.12.13.14 1o Lo UTM | DS Tetamp nav 19 [Lio40002dt c [045 037 0. 0.
xoffsets  |-81,-89,-.57~45-.33 -.21,-.09,03,15,.27,.39, 51,6375, 87 IDS NMEA utm 20 [ LI0S0002.dt C |03 037 0 o
y offsets 137,37,.37,37,37,37,37,37,37,.37,37,37,37, 37, 37 GPS getyaw [ IDS NMEAnav 21 [LI060002 dt  [-021 037 0 0
zoffsets  [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 22 [ LI070002.dt o [-0.09 [0a7 [o. [0.
-comma delimited Ang, X, ¥, XY to Vector ‘ 23 [Li08000Z.dt c [oo03 [0.37 [o. 0.

The new operations to set the system configuration and generate the
navigation files infomain.dat and infochannels.dat. The *.* multichannel
general text is highlighted in the listbox; the number of channels set and the
number of tracks; the system configuration is defined with the channel
number name followed by the Xx,y,z offset for each channel. This system
configuration — once it is defined is translated to new GPR-SLICE projects on
creation - so it only needs to be set one time. On clicking the Import
\raw\ button, both the infomain.dat and the infochannels.dat files are
generated. All the offsets are translated into the infochannels.dat file.



Mala Mira

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

1) Set the channel numbers 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.

will automatically create 2 information files,

This
infomain.dat which has

the names of the main track radargrams, and infochannels.dat which
channel

will contains the names of the demultiplexed
radargrams with all the X and Y offsets properly noted and stored.

individual

GPS/Nav

®
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.
| Warm_WASTE_002.rd3 0 0. 0. 0
gpsfleext | gps W _WASTE_UDI! d3 0. 0 0 0
gpsnmea [$GPGGA arm_ e : : : :
coordinate sys | UTM-Universal Transverse Mercator ﬂ Warm_WASTE_004.rd3 0. 0. 0. 0
T ST [ Warm_WASTE_005.rd3 0. 0. 0. 0.
namestart [ 1 Warm_WASTE_0086.rd3 0. 0. 0. 0.
Warm_WASTE_007.rd3 0 0. 0. 0.
Warm_WASTE_008.rd3 0. 0. 0. 0.
X Cy CangC GPS C vector Warm_WASTE_009.rd3 0 0. 0. 0.
r Ti K L ! ! :
X start ‘ 0 Xend [95 Warm_WASTE_010.rd3 0. 0 0 0
Warm_WASTE_011.rd3 0. 0. 0. 0.
Ve (I Yend [ 10 Warm_WASTE_012.rd3 0 0. 0. 0.
unitmarker 1 time window ns,o— BRI T G v 2 2 o
himmmn VAIACTE A4 4 dn A A 0. 0.
samples/scan| 0 resampled scans/mrl
P! 0 p k{T Mala Mira 0. 0.
binary resol.@ gpit 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.
. ~ Import - Create Info I - - 0: 0.
. ra:argram Eéxle??lon . Warm_WASTE_022.rd3 0. 0. 0. 0.
** radargram identifier + extension
T Punichannel gencrar next | Warm_WASTE _023.rd3 0 0. 0. 0.
vector_survey_information.dat @ <prev Warm_WASTE_024.rd3 0. 0. 0. 0.
oM aalmied Ntracks 48 yoffset | 0 x offset 08
Nchannels z offset xstart |-
offset file | [16_] 0 g felp set
channel 1,2,3,4,6,6,7,8,9,10, 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

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
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the \radar\ folder with the naming convention *-N.rd3 where N is the
channel humber (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.

)
infochannels edit.dat ~ profile name x offset y offset z offset GPSMNAY  division
infochannelsedit!.dat
infomaindat K4 1 | Warm_WASTE_000.rd3 o o [0, [0, | 29. r
2 | Warm_WASTE_001.rd3 o o 0. 0. | 28. ~
infomain.dat
| infomain.da 3 [Warm_WASTE 00213 c [o [0 [0 [28 r
save edits 4 | Warm_WASTE_003.rd3 e o |0. |0. |27. ~
add xoff | add zoff| name + 5 | Warm_WASTE_004.rd3 c o 0. 0. 7. r
“4  "addyoff[add col4| name- B |Warm_WASTE_005.1d3 o o 0. 0. B ~
INESHE || (NESEST || T9ET 7 [Warm_WASTE 006 a3 o o [0 [0 [7 r
times yof times c4 delete ;
Warm_WASTE_007.rd3 o 0. 0. 9.
rotate append chr| del Nth E | arm_ — r | | | | F
| del channels 9 | Warm_WASTE_008.rd3 o o 0. 0. [11. r
MALA get xy MALAgetts 10 | Warm_WASTE_009.rd3 ¢ o |0. |0. | 78. r
MALAto utm 1| Warm_WASTE_010.rd3 c o jo. jo. [11. r
MALAto nav . . i a4 r
Mala2 to utm GPS Navigation Files x -
52.
Nira extract
Iira to nav 19. I
* ascii Array to nav . . . . 16. r
€ unicode - GPR-SLICE v7.0 \raw\*.gps Mira navigation files created vy -
nmea to utm 14 r
nmea to nav
_ 67.
brwse x0x1y0y1 F
¥z to nav 8. r
gps getlist OK 9. r
Il to utm q. r
aps getyaw show gps file | 72 [ Warm_WASTE_021.1d3 (ol ) I I 26. r
23 | Warm_WASTE_022.rd3 o 0. 0. £2. ~
Ang, X, Y, XY o Vector | | Warm_ — | | | |
24 | Warm_WASTE_023.rd3 o o 0. 0. | 34. ~
_ unimarker | 1 25 |Warm_WASTE_024.rd3 « o 0. 0. | 55. r
time window (ns) | 100.4
samples/scan | 450 next= | <prev | sortr | %0 to x1 | sortx | x==y sorty | y0 to y1
resampled scans/imark | 32 ¥1toy0 rev file
binay ¢ goit delodd Y -
del even

resol. @ 1gpit 32 bit ——

X . t multich |
Survey type: e ]
o ang adjustto single marker@ || 0

GP3S hd

*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.



O GPR-SLICE  GPS/Nav/Vector Track Map:  inl-waste-mira — EI&
x-offset [[§ | del double gps | del double times| emor  delbadgps | intbadgps | fiter gps track line+ | pt+ | X+ | Y+ | recover |
xy offset
y-offset| 0 | int double gps |del double scans| 1 delbad elev | inttimegps |Ingth [ 3~ rlerror| 1 line- | pt- [ X | ¥- [ save |
store track map [ track jpg plot+ | plot- | gpsquality == 0-fix not valid/off =
redraw hdop <=[ 10 nsat>= 3 dec\matel 0 time lag | 0

¥ line total GPS survey length = 1095.4 m #® blue dots - inside GPS precision settings
[ dots ® black dots - outside GPS precision settings - not included in time slice analysis
v start/stop
™ cross I 1 I 1 1 1

10033 -

10023 -

10013 | . —= N

[ . -
i -, N
[
- O O O 00 .
10003 +——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 10011 10021

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.



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.

O}
info.dat ~ profile name X offset y offset z offset GPSMAV  division
infobak.dat
infochannels.dat v 1 [warm_waste_000-1.rd3 o [-08 [0.35 o 29 r
2 | warm_waste_000-2.rd3 © |-052 |0.35 o | 29 r
infochannels dat
! 3 | warm_waste_000-3.1d3 C|-0.44 [0.35 0. |29 r
save edits 4 |warm_waste_D00-4.rd3 « [-038 [035 [0 |20 r
add xoff | add zoff| name + 5 |warm_waste_000-5.rd3 ¢ [-0za [0.35 [o. |29 r
4 “addyoff [add col4| name - 6 |warm_waste_000-6.rd3 © |-z |0.35 o | 29 ~
TUESET || MBS ||| 96T 7 [warm_waste_000-7ra3 o [0z [035 [0 [29 r
ti f | timescd | delet
I ey ges 2 |warm_waste_000—8.rd3 'l \-0.04 |n.35 |n. |29 -
rotate append chr| del Nth
| del channels 9 [warm_waste_000-9.rd3 « [o.04 [0.35 [o. |29 r
MALA get xy MALA getts 10 | warm_waste_000-10.rd3 © |a1z |0.35 o | 29 r
MALA0 utm 11 |warm_waste_000-11.rd3 o |02 [0.35 0. |29 r
MALAto nav I m Py PR ey s I = —
MalaZ to utm Mala M\'ra X
Mira extract
Mira to nav
¥ ascii I Array to nav
€ unicode 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 getlist QK
Ilto utm
agps get yaw show gps file
T = = T T T T
23 |warm_waste_001-7.rd3 " |-0.12 0.35 0. 28 I
Ang, X, Y, XY 1o Vectar | | warm_waste. 1 ] ] ]
24 |warm_waste_um-s.rd3 'l \-0.04 |n.35 |n. |29 -
it/mark
 unitmarker | 1 25 [warm_waste_001-9.1d3 ¢ [oos [025 o [28 r
time window (ns) | 100.4
samplesl/scan | 450 next= =prev sortr x0t0x1| sortx | X==y | sorty |y0toy1 |
resampled scans/imark | 32 e x1toy0 revfile
binary 8 bit d:lsven
resol. @ qgpit " 32 bit
v ~ recover
sort multichannel
Survey type: | é
ang adjust to single marker @ 0

.
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An example

of the GPS track generated for all the individual

following the x and y offsets is shown above.

11

g del double times 1 int bad gps filter gps track pt+ Y+
offset [ 0 xyz offset |t double gps an delbadgps | inttime gps |Ingth | 3 remor| 1 ot
{7 offset| 0 del double loc | del extra gps \ delbadelev | del -scané
Npt-traj [ 1 info offset | apsquality O-fo not vabd/off S hdop{ 10 MNsaf 3 decimate | 0 timelag [0 _scanleg [0 rwwnpte inrange |1
total GPS survey length = 17550.1 m ® blue dots - inside GPS precision seftings
I track # of GPS qutside precision = 0 out of 2 total of 25712 ® black dots - outside GPS pracision sattings - not included in time skce analysis
0
b ] 9861 red dotg P falout - time interpolatggy 9541 9591 10001 1001 10021
§ dots L L L 1 1 1 1 I
fv startistop
I cross
plott 10032 | o032
plot-
10022 | b 10022
i I
Ml'l I
ol
|
il [ Ul ,,'l ”H
‘H‘ i ||H ulll
10012 i'l 10012
il
store track map
trackjpg
dd || il
L)
o002 T T T T T T T 1000;
1m 9951 9961 9971 9981 9991 10001 1001 1IlﬂZ1

channels



5) The next operation is to convert the extracted channels into the \radar\
folder without any gain, and by using the batch gain. No gain is desired yet
since the Ons offsets have yet to be edited from the different channels. Itis

critical not to apply any gain. The gain can be set to unity by clicking the
Gain Reset button.

® Radargram Conversion:  c:\inl-waste-mira . = . _
output [vadan 8 Mala Mira 16 bit + gaining + format conversion: c:\inl-waste-mira - = X
srolle | 2+ gain 455797 qain reset newrad |22 B

p— | - lin. 93‘",0_ T warm_wame_uuu—ﬂuvd? v wobble length

store gain curve
check gain exp.gainl g age gain

5 batch gain
import gain cuve
chekgwob | Startpt (1'15* 1 make gain | ——88 balch gain-wobble

right mouse-lock scan scan#= 284 sample #= 2 time (ns) =0. binary #=733
ainsteo T breakpoint= 0
gain = 1. warm_waste_000-1.rd3 wobble length : 48
B + .
BlueBoxRun d Lo -
i 4
remove wobble : ; E
3
 yes N
& no 5
= |Mala Mira Batch Conversion
d
8
i input radargram \rawiwarm_waste_000-4.d3
W converted radargram ‘radariwarm_waste_000-4.rd3
starting radar N
14 2
ending radar 13 processing file 4/768  scan 161/947
14
15
cancel
18 —I

12



After conversion of the radargram, the navigation must be set using the option #4,
GPS/Vector Trace #. This operation will extract the 5™ column of the *.rd3.gps
navigation files and set these scan nhumbers as the markers were navigation exists.

Navigation: inl-waste-mira - b n
infochannels.dat Profile Name: Markers FFA:LTES Errors xoffset  yoffset zoffset GPS/NAV
Warm_WASTE_067-15.rd3 94 94 0 0 0.92 0.35 0. 93.
ez M Warm_WASTE _067-16.rd3 94 94 0 - 1 0.36 0. 93.
Warm_WASTE_068-1.rd3 116 116 0 C 02 0.35 0. 115.
Warm_WASTE_068-2.rd3 116 116 0 C -0.12 0.35 0. 115.
2 Field Markers Warm_WASTE_068-3.rd3 116 116 0 C -0.04 0.35 0. 115,
Warm_WASTE_068-4.rd3 116 116 0 C 0.04 0.35 0. 115.
edit Warm_WASTE_068-5.rd3 116 116 0 (“ 0.12 0.35 0. 115
Warm_WASTE_068-6.rd3 116 16 0 C 02 0.35 0. 115.
Y — Warm_WASTE_068-7.rd3 116 116 0 C 028 0.35 0. 115.
Warm_WASTE_068-8.rd3 116 116 0 C 0.36 0.35 0. 115.
scansfmarkeri,T Warm_WASTE_068-9.rd3 116 116 0 (" 0.44 0.35 0. 115,
Warm_WASTE_068-10.rd3 116 116 0 C 0.52 0.35 0. 115.
Warm_WASTE_068-11.rd3 116 16 0 (“ 06 0.35 0. 115
| Warm_WASTE_068-12.rd3 116 116 0 s 0.68 035 0. 115
Warm_WASTE_068-13.rd3 116 116 ] C 0.78 0.35 0. 115.
Warm_WASTE_068-14.rd3 116 116 0 C 0.84 0.35 0. 115.
Warm_WASTE_068-15.rd3 116 116 0 C 092 0.35 0. 115.
MALA user marks C Warm_WASTE_068-16.rd3 116 116 0 (“ 1 0.35 0. 115
MALA survey wheel I 'a
-
marker location 2 .
threshold 232 O
£ - a
< v e
-
next= <prev temporary notification:
1) markers tags now stored directly in the scan headers in the \radar\ folder
MNavigation - GPS Trace Numbers  12-27-2013  12:09:56 ~ 2) navigation only needs to be run one time initially on the \radar\ folder
radargram directory = C-INL-waste-miralradarl 3) processed folders from the Filter menu do NOT need to have navigation reapplied
ws‘r;iw:éTnfEngﬂ_—ﬁgg scans=947 markers= 30 lastscan tagged= 947 4) native scan density \radar\ folders from survey wheels can now be used for all processes
Warm_WASTE_000-2.rd3 scans=947 markers= 30 lastscan tagged= 947 5) ‘\resample\ folders will continue to be made and can also still be used for all processes
Warm_VWASTE_000-3.rd3 scans=947 markers= 30 lastscan tagged= 947
Warm_WASTE_000-4.rd3 scans=947 markers= 30 lastscan tagged= 947 e

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 - VOL format

1) Set the survey type to GPS or X or Y, the number of channels, and the
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

antenna separation and offsets.

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

O]
filename \ infomain.dat create profile name x0 x1 w0 ¥l
#offles [ 21 e 40001-ic-das-55197-1.vol 0. 0. 0. 20.
file identifier | 40001-ic-das-55197-2.vol 0.08 0.08 0. 20.
(920000~ i g1 o3 C gpr © sgor O custom | 40001-ic-das 551973 vol 0.16 0.16 0. 20.
file extension © dt ¢ gsf  rd6 © sgy " .geo 40001-ic-das-55197-4.vol 0.24 0.24 0. 20.
dat O rad O rd7 & vol 40001 ic das 65197 5.val 0.32 032 0. 20.
name increment | 4 40001-ic-das-55197-6 vol 04 04 0. 20.
amelsaty) 1 40001-ic-das-55197-7 val 048 048 0. 20.
E H g E gps filename ext 40001-ic-das-55197-8_vol 0.56 056 0. 20
E\ gps 40001-ic-das-55197-9 vol 0.64 0.64 0. 20.
e Oy @y @sge el @rEr Qe s [40001-ic-das-65197-10.val 072 072 0 20
[sGPGGA  ~|
X start ‘ 0 X end | 16 3D Radar
Y start ‘ 0 Y end | 20
unitimarker 1 time window ns| 77 34 infomain.dat and infochannels.dat profile information files generated

samples/scan| ggg resampled scans/mrk| 25

binary resol.«~ g pit & 16 bit 32 bit

=l

file Iisl|

oK
[A000T-ic-das-55719/-20 vol [T5Z [TBZ '8 1207
40001-ic-das-55197-21 .vol 1.6 1.6 0. 20.

append name | infomain dat Append
o) Import - Create Info
*.* radargram extension

** radargram identifier + extension
*.* multichannel general next>
L
<prev

vector_survey_information.dat

~comma delimited liacks ! yoffset | 0 woffset | 08
p— S wstt [0 [Fepeu]
—— Nehammels | 21_] o g
channel  [172,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21

x offsets |[],‘[],05‘0,15‘0,241‘[],32‘0,4‘0,48‘0,55‘0,54‘0,72‘0,8.0,83.0,95.1,[]4.1,12.1,2,1,28,1,35,1,44,1,52,1,5
y offsets |U.,0.,0.,U.,0.‘U.,0..[].,U.,0.‘U.,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.

=

infochannels.dat
infochannelsedit.dat
infomain.dat

| infornain.dat

save edits

shift %0 | shift x1| name +

- shift y0 | shift y1| name -

times x0 | times x1 insert
times y0 | times y1 delete
rotate append chr| del Nth
[ del channels
{* ascii Array to nav
" unicode JDRadar utm
nmea to utm JDRadar utm2
nmea to nav JDRadar utm3
brwse x0x1y0y1
XyZ to nav
gps update list
Il to utm
gps get yaw show gps file |

Ang, X, Y, XY to Vector

unit/marker | 1
time window (ns) | 77.34

samples/scan | 984
resampled scans/mark | 25
binary ¢ 8 bit

resol. & 45 bit ¢ 32 bit

Survey type:

X ~

ang v

profile name %0 x1 y0 y1 division
1| 40001-IC-DAS-56197 vol “ o 0. 0. |20 r
2| c | | | | r
3 | o | | | | r
4] o | | | r
5 | c | | | | r
6 | Cl J J J r
; l_.BD Radar Header Information - version 1. 1 X ;
o[ | o
11:1 F examiner version 1.1 — ::
12 ,—— filename=\BHP 3D Radar\raw\40001-IC-DAS-55197.vol bl
e magic number= 192837465 ol
wl | binaryheadlength= 4096 e
- ,—- zscan= 985 —
16 l—- yscan= 21 I
[ | Xscan= 352 P O
w] | bits per datapoint= 64 I
19 | o
0| | =
21 ~
2 F: oK B=
a[ | =
| o [ 1 1 -
2 | c | | | | r

next= | <prev | sort r | *0 to x1| sort X | K EEy sort y |y[] to y1

del odd Xitoyo] _tevile |

del even

recover

sort multichannel |

adjust to single marker @ | 0

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 number of GPS listings

in the 4th column of the information file.

The user can use the GPS track

menu optionally to filter and condition the main GPS tracks should there
be any need to or track warning messages come up.
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surveys these buttons are not used and just the x0,x1,y0,y1 columns are
used as the navigation).

Edit Information File: C\3DRadar GPS test\infomain.dat - b
infochannels.dat ~ profile name x offset y offset zoffset  GPS/NAV  division
infochannelsedit dat

v 1 | 2013-04-11-003-Region1-00u.vol  |o. 0. 0. 1064. [
2 (" l_
| infomain.dat ] c -
save edits | 4 C -
shift x0 | shiftx1| name + 5 « -
0 shift yO | shifty1 | name - 6 ' r
times x0 times x1 insert 7 r
times y0 times y1 delete
rotate 8 r
9 [~
10 o [~
GPR-5LICE v7.0 \raw\*.gps navigation files created -
11
12 l_
3DRadarxy | 3D Radarts | 13 -
14 l_
NMEA to utm Arraytonav | 15 -
NMEA to nav 3DRadar utm 16 () -
brwse x0x1y0y1 | 3DRadar utm?2 17 C r
XyZ to nav
GPS get list 18 . r
LLto UTM 19 ® r
20 (" l_
GPS get yaw | 29 e -
22 . l_
Ang, X, Y, XY to Vector | 23 C -
unit/marker | 1 24 e r
time window ns [ 35 25 (‘ r
samples/scan | 216 > | < | 0to x1 | | = [ yotoy1
resampled scansimark [ 22 next. prev | sortr x0 to x sort x ); : yo sort y Vi tmﬂy
del odd x1 to yi rev file
resampled resol. ¢~ 8 bit & 16 bit del even
Xy A recover
Surve o |an
o/ 22 v sort multichannel
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Optionally for newer versions of 3D Radar *.txt files are provided as the
navigation formats. For these datasets the XYZtoNAV menu is needed to
read the navigation and create the GPS files:

) | - ]
infochannels.dat ~ profile name x offset y offset z offset GPS/NAV  division
infochannelsedit.dat
v 1 | 2019-05-30-018 - Region1.vol c |0 0. 0 33. r
2 |2019-05-30-019 - Region1.vol c |0 0. 0 40. r
| '"f°“‘a'”‘§$‘ 3 [2019-05-30-020 - Region1 vol ~ [0 0 0 36. r
save edits
4 |2019-05-30-021 - Region1.vol c |0 0. 0 39. r
add col1 |add col3| name + - -~ [ r
0 add col?2 add col4| name - | @ — |3 -
times col1 | times col2 insert
times col3 | times col4 delete skip N header lines 4 generate GPS/vector/nav L =
rotate append chr | del Nth x column 5 . . . u
del minGPS | del chnnels sy eafliy 3 ® cuurd!nales !n +/- lat/long degf’mln I r
© coordinates in +/- lat/long decimal !
Z column 10 . dinates in utm or r
T 3 coordinates in utm or xyz L -
scan# column 0 3
hemisphere N @® vector already set r
3DRadar xy | 3DRadar extract ) _p  +vector from xy 2d profile I
meridian E - - b= r
. ) o) 5 -vector from xy 2d profile -
ascil N satellites column 3 © +vector from xz 2d profile
© unicode Array to nav DoR el 0 © -vector from xz 2d profile 1 r
nmeatoutm | 3DRadar utm a—— 0  +vector from yz 2d profile r
nmea to nav | 3DRadar utm2 i © -vector from yz 2d profile r
yvec/pitch column 0 L
3DRadar utm3 © -vector from xyz profile (beta)
zvec/yaw column 0 i} L i r
brwse x0x1yOy1 ) © roll/pitch/yaw import in radians -
gps/nav file extension txt 3 . B r
Xyz to nav ¢ roll/pitch/yaw import in degrees L
aps update list xyz scale factor 01 r
Il to utm show gps file Wi T EET 40 [ r
aps get yaw show file header remove character - Regior b -
Ang, X, Y, XY o GPS or Vector * if no columns are available set to 0 r
—— * for reading NMEA strings use xyz scale factor=.01 r
uni/marker | 1 : - ‘ ]
imewindaw(naMl| 30,07 7 2019-05-30-020.txt - Notepad - [m] X
samples/scan ‘ 308 File Edit Format View Help
resampled scans/mark | 25 #Navigation Data Version=1.0 ~
binary 8 bit #Created: Examiner 3.2.1.33066 at Thursday, @4 July 2015 88:36:52

resol.  ~ 1gpit @ 32 bit #Acqt.lisitior] IFD: f0447c67-9892-44be-ba5c-61cbdbl3dcaa

#Device Position: ©,0,0
$GPGGA,142410,20,2456,982468,N,05530,811136,E,8,,,138.217,M,,,,

v $GPGGA,142411,23,2456,98259998,N,05530.81103026,E,8,,,138.1983,M,,,,
$GPGGA,142412.26,2456,98286152,N,05530.81085039,E,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,,,,

Xy A
Survey type:  a@n

$GPGGA, 142416.39,2456.98412901,N,05530.81005805,E,8,,,138.101,M,, ,,

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.

17



Edit Information File:

0 =~ 0 M & W R =

CA\3DRadar GPS test\infochannels.dat

— 0

profile name X offset y offset Z offset GPSINAV
2013-04-11-003-Region1-00u-1vol | 0. 0. 0. 1064.
2013-04-11-003-Region1-00u-2vol ¢ |0.12 0. 0. 1064.
2013-04-11-003-Region1-00u-3vol (" |0.24 0. 0. 1064.
2013-04-11-003-Region1-00u-4.vol ¢ | 0.36 0. 0. 1064.
2013-04-11-003-Region1-00u-5val (| 048 0 0 1064
2013-04-11-003-Region1-00u-6.vol ¢ |06 0. 0. 1064.
2013-04-11-003-Region1-00u-Tvol (| 072 0. 0. 1064.
2013-04-11-003-Region1-00u-8.vol ¢~ |0.84 0. 0. 1064.
2013-04-11-003-Region1-00u-9vol (| 0.96 0. 0. 1064.

2013-04-11-003-Regio
2013-04-11-003-Regio

21 files were found containing double GPS points:

division

I A I A

=xx% recommend using Del Double GPS operation in the GPS track menu

infobak dat ~
infochannels.dat
infochannelsedit.dat &
| infochannels.dat
save edits |
shift X0 | shift x1 | name +
0 shift yO | shiftyl | name -
times x0 times x1 insert
times y0 times y1 delete
rotate
3D Radarxy | 3D Radarts |
NMEA to utm Array to nav
NMEAto nav adar
brwse x0x1y0y1 | 3DRadar utm2
XyZ to nav
GPS get list
LL to UTM
GPS get yaw |
Ang, X, Y, XY to Vector |
unit/marker | 1
time window ns | 35
samples/scan | 216
resampled scans/mark | 32

xy

Survey type:  |@n!

resampled resol. 8 bit @& 16 bit

~

¥

5) The conversion menu

2013-04-11-003-Regio
2013-04-11-003-Regio

=
0
0
0
0
-
-

2013-04-11-003-Region1-00u-19 val
2013-04-11-003-Region1-00u-20.vol ¢ |2.32 1064.
2013-04-11-003-Region1-00u-21.vol ( |2.44 1064.
I
T
T
T
next= | <prev | sortr x0toxt | sotx |  x=>>y sorty | yOtoyl
del odd x1to y0 rev file
del even
recover
sort multichannel |

is then entered and the 3D radar data are
converted with batch gain-wobble (or alternatively batch gain where later
bandpass filtering will be applied). If the time O is stable a gain curve can
be applied at this point, but if time 0 varies, it should be applied after
time O correction.
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® Radargram Conversion:  BHP 3D Radar - o - [ —

® 3D Radar format conversion: BHP 3D Radar - o X
output | \radar\ 3D Rad:
= scrolls | z+ T 000 fic-das-55197-.vol A newrad [0 _F}
; 40001-ic-das-66197-2 vol wobble length
scroll- | z- in.gain[ 400 constant gain - ——————
store gain cune
check gain epgan| 5 agogan ng
import gain curve
chck giwob slanm(1—15)| 1 make gain L‘ batch gain-wobble
right mouse-lock scan scan#= 157 sample # = 202 time (ns) = 16. binary # = -3503589:
breakpoint= 8
jain step| 1 . ) -
e e gain = 327155701, 40001-ic-das-55197-1.vol wobble length = 100
o -7 + a =——————— ——— = = T ——
1 - [4493796.9 +| =
BlusBox Run 2 15001548 +)
3 1129157731, | 2
remave wobble: 4 [4531%16. + 3
& yes 5 - |Geggizir. +| 1 b T
- 6 - 135862464 + \
no 1= =
7 - 278875422 +| s
8 |327185701 +| i,
9 - [427119942 +|
10 - |'65326595 +| i
1 - |[872415201 +| XE
12 - [111778197 +| \
13- | 12904474¢ +| ",
starting rad 14 - [139586437 + [w
ending rad 15| 13958643 +| B
16 - 13958643z +|
2
- \“ %
2
3
3

The conversion menu will automatically pop up and the user must generate
a gain curve at the end of the extraction process to visualize the pulses and
bring them within range before running Batch Gain. If the data are pre-
processed in Examiner software from 3D Radar then use a gain curve. If the
data are unprocessed, then do NOT use a gain curve!
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An example GPS track map for all the individual channels for this
Geoscope dataset is shown below:

GPR-SLICE  GPS/Nav/Vector Track Map:  C\3DRadar GPS test
-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 ‘ int time gps | Ingth | 3 rfemor | 1 line- | pt- ‘ X- | Y- save |

z-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 | [i] scan lag ‘ 0 resample in range ‘ 1

total GPS survey length = 23958 m

[v track # of GPS outside precision = 22365 out of a total of 22365

blue «
[~ dots
[v start/stop 15210067
I~ cross
15210062
15210057
15210052
15210047
15210042
. 15210037
16210032 —
15210027 —

store track map 15210022

track jpg

dxf 15210017 |

15210012
15210007

15210002

# blue dots - inside GPS precision settings

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

® 124 dots - GPS fallout - time interpolated
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6) Set the navigation for the 3D Radar Geoscope using the Artificial Marker

operation in the Navigation menu. The Geoscope navigation files
normally contain GPS or total station information on every scan. For this
reason, and also because the 5% column is not assigned scan number
(which is mute), the Artificial Marker process is the complete navigation
and accurate solutions.

Navigation: CA\3DRadar GPS test - B n
2 Markers
infochannels dat Profile Name Markers o ng Errors xoffset  yoffset zoffset GPS/NAV
2013-04-11-003-Region1-00u-1.vol 1065 1065 0 . 0. 0. 0. 1064.
et 2013.04-11-003Region1-00u-2vol | 1065 | 10656 | 0 -~ [oiz [0 0 1064,
2013-04-11-003-Region1-00u-3.vol 1065 1065 0 C 024 0. 0. 1064.
2013-04-11-003-Region1-00u-4.vol 1065 1065 0 - 0.36 0. 0. 1064.
3 Field Markers 2013-04-11-003-Region1-00u-5.vol 1065 1065 0 e 0.48 0. 0. 1064.
2013-04-11-003-Region1-00u-6.vol 1065 1065 0 C 06 0. 0. 1064.
edit 2013-04-11-003-Region1-00u-7 vol 1065 1065 0 C 072 0. 0. 1064.
2013-04-11-003-Region1-00u-8.vol 1065 1065 0 - 084 0. 0. 1064.
2013-04-11-003-Region1-00u-9.vol 1065 1065 0 e 0.96 0. 0. 1064.
3. Interval Markers .
2013-04-11-003-Region1-00u-10.vol 1065 1065 0 C 1.08 0. 0. 1064.
scans/marker=| 40 2013-04-11-003-Region1-00u-11 vol 1065 1065 0 C 1.2 0. 0. 1064.
2013-04-11-003-Region1-00u-12.vol 1065 1065 0 - 1.32 0. 0. 1064.
2013-04-11-003-Region1-00u-13.vol 1065 1065 0 e 1.48 0. 0. 1064.
4 PN e e 2013-04-11-00Region-00u-14vol | 1065 | 1085 | 0 - |18 0 0 1064,
2013-04-11-003-Region1-00u-15.vol 1065 1065 0 . 1.72 0. 0. 1064.
2013-04-11-003-Region1-00u-16.vol 1065 1065 0 - 1.84 0. 0. 1064.
2013-04-11-003-Region1-00u-17_vol 1065 1065 0 (‘ 1.96 0. 0. 1064.
2013-04-11-003-Region1-00u-18.vol 1065 1065 0 e 208 0. 0. 1064.
custom marks o 2013-04-11-003-Region1-00u-19.vol 1065 1065 0 C 22 0. 0. 1064.
2013-04-11-003-Region1-00u-20.vol 1065 1065 0 C 232 0. 0. 1064.
2013-04-11-003-Region1-00u-21.vol 1065 1065 0 C 244 0. 0. 1064.
marker location | 2
threshold 232
Bl ~
< v
next> <prev temporary notification:
1) markers tags now stored directly in the scan headers in the \radar\ folder
Navigation - Artificial Markers  12-27-2013  12:39:07 A 2) navigation only needs to be run one time initially on the ‘\radar\ folder
rada‘lrgran; d”'efflftlow = %31\3DREUEV GPS testiradan 3) processed folders from the Filter menu do NOT need to have navigation reapplied
total number of files = :
2013-04-11-003-Region1-00u-1.vol scans=1065 markers= 1065 errors= 0 4) native scan density \radar\ folders from survey wheels can now be used for all processes
2013-04-11-003-Region1-00u-2 vol scans=1085 markers= 1085 errors= 0 5) \resample\ folders will continue to be made and can also still be used for all processes
2013-04-11-003-Region1-00u-3.vol scans=1065 markers= 1065 errors=0
2013-04-11-003-Region1-00u-4 vol scans=1085 markers= 1065 errors=0 i
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3D Radar Geoscope - 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.

@ 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
:l:t" slice (=

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

browse default directory H C\GPR multichannel\

survey name

dat dir
grd dir
jpg dir
3d file dir

raw dir

radar dir
resample dir
filter dir
migration dir
hilbert dir
boxcar dir
bandpass dir
topo dir
regain dir
deconvolution dir
work dir
whiten dir
nmo dir

New Survey

22

Select Equipment Type

IDS Stream

IDS Opera Duo
IDS C-thrue
Leica

Ditchwitch
Subsite

SIR 20

SIR 2000

SIR 30

SIR 3000

SIR 4000

GSSI SSmini
GSSI SSmini XT
GSSI DualFreq
US Radar

3D Radar
RadarTeam
SEGY

SEG2

SEGY Multichannel

SEGY Multichannel Multiplex v




2) With this equipment type, the infomain and infochannels are generated in
the Create New Info menu:

OIS Information File: C:\GPR mu D Radar SEG O
filename | infochannels.dat Create Info | profile name x offset y offset z offset GPS/Nav
#offiles |1 2019-10-08-001 - Region1.sgy 0. 0. 0. 0.

file identifier | file 000 (eg. file_000)

file extension | sgy
gps file ext | gps
gpsnmea | §GPGGA |

name increment | 1

name start | 1

=\

© xy ¢ ang® GPS ¢ vector

Xstart |0 Xend [0
Y start 0 Yend | 0
U"'W"‘\ETKEI‘I 1 time window ns| 29 80¢
samplesfscan| 369 resampled scans/mrk{ 25 SEGY Multichannel Multiplex %

binary resol.c gpit @ 16bit ¢ 32 bit

infomain.dat and infochannels.dat profile information files generated

file list | -]

| oK
append name | infochannels.dat Append
~ Import - Create Info

*.* radargram extension
* * radargram identifier + extension

next>

vector_survey_information dat ¥ <prev
Ntracks 1 yofiset | 0 x offset .08 I zig-zag (x or y surveys/non-GPS)
Nchannels | 20 z offset 0 x start 0 help set

offset file

channel 0,12,34586,7

x offsets |-0.28,-0.2,-0.12,-0.04,0.04,0.12,0.2,0.28

y offsets 0.,0.0.,0.0.,0.0.0.

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

1r offsets
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3) With infomain active, the SEGY Demultiplex button is clicked which will
separate each channel into its own SEGY file in the \raw\ folder:

@' jit Information

infochannels.dat

infomain-segy.dat
.

[ infomain.dat
save edits
add xoff | add yoff | name +
2 add zoff |add col4| name -
times xoff | times xoff insert
times yoff | times col4 delete
rotate append chr del Nth
del minGPS | del chnnels
segy get Nscan-1 | segy get ts |

I segy demultiplex I

@ ascii
© unicode segy to nav ‘
nmea to utm | segy to nav2
nmea to nav  |® big endian
 little endian
brwse x0x1yOy1 nav scalar | 1
xyz to nav @ segy utm
gps update list | segy lat/lon
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) | 29.80¢
samples/scan | 369
resampled scans/mark | 25
binary " 8 bit
resol. G 15 bit 32 bit
Xy ~
- an
Survey type: GS .

O 0 N O s W N =

24

profile name x offset y offset z offset GPS/NAV  division
2019-10-08-001 - Region1.sgy c |0 0. 0. 0. r
c r
c r
9] r
c r
c r
9] r
c r
SEGY Multichannel Multiplex XTI e -
- -
** demultiplexing 20 SEGY channels P c r
1. -
& : c r
O r
c r
SEY Multichannel Demultiplex X r
e r
- infochannels.dat SEGY demultiplexed file written r
e r
I oK |
r
c r
c r
c r
c r
next- | <prev | sortr x0tox1 | sortx | x>>y | sorty | yOtoy1
del odd x1 to y0 rev file
dri% x0-east | 0 georeference info ‘
—_— y0-north | 0 ** start/end utm of file 1
adjust to single marker @ ]Oi ;1:?|Z?tth g utmzone [ 31



4) With infochannels.dat active the SEGY to NAV button is clicked to write
the GPS navigation files from the SEGY trace headers:

[ Edit Information File:  CAGPR multichanneN3D Radar SE t \infochannels.dat - )
info.dat - 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 |0 0. 0. 2947, r
infochannels. dat 3 | 3-2019-10-08-001 - Region1.sgy - o 0. 0. 2947 -
save edits -
4 |4-2019-10-08-001 - Region1.sgy - |o 0. 0. 2047 r
EEE "°ffi Ayl DED 5 | 5-2019-10-08-001 - Region1.sgy c o 0. 0. 2047, r
2 add zoff | add col4| name - -
times xoff times xoff insert 6 | 6-2019-10-08-001 Regfom.sgy 0. 0. 0. 2947. r
fimes yat | fimes cold | delete 7 |7-2019-10-08-001 - Region1.sgy ~ |o 0. 0. 2047 r
rotate append chr | del Nth 8 | 8-2019-10-08-001 - Region1.sgy - |0 0. 0. 2047 r
del minGPS | del chnnels g | 9-2019-10-08-001 - Region1.sgy 0. 0. 0. 2947. r
10 | 10-2019-10-08-001 - Region1.sgy - |o 0. 0. 2047 r
11 | 11-2019-10-08-001 - Region1.sgy - |0 0. 0. 2947 r
12 |12-2019-10-08-001 - Region1.sgy 0. 0. 0. 2947. r
segy getNscan-1 | segy get 5 | 13 | 13-2019-10-08-001 - Region1.sgy ~ o 0. 0. 2047. r
segy demultiplex -
3 £ 14 | 14-2019-10-08-001 - Region1.sgy c 0 0. 0. 2947 r
& unicode 15 | 15-2019-10-08-001 - Region1.sgy [0 0. 0. 2947 r
nmea to utm segy to nav2 16 | 16-2019-10-08-001 - Region1.sgy 0. 0. 0. 2947. r
nmeatonav @ big endian 17 | 17-2019-10-08-001 - Region1.sgy c o 0. 0. 2047. r
€ little endian 18 | 18-2019-10-08-001 - Region1 sgy - |0 0 0 2947 -
brwse x0x1yOy1 nav scalar | 1 :
7“2 to nav = et 19 | 19-2019-10-08-001 - Region1.sgy c |0 0. 0. 2947, r
" gps update list_ | seqy latflon 20 |20-2019-10-08-001 - Region1.sgy o 0. 0. 2947. r
Il to utm show gps file ‘ 21 C r
t how file head M
L et e e 2 SEGY XY Header Navigation X r
23 r
Ang, X, Y, XY to GPS or Vector |
- — 24 SEGY *.5gy.gps files generated r
unit/marker | 1
. . —— 25 r
time window (ns) | 29.80¢
samples/scan | 369 next> | <prev oK X0 to x1 sort x ‘ X>>y | sorty | y0 to y1 ‘
resampled scans/mark
. p " 25 del odd x1 to y0 | rev file ‘
e del even
resol. & 4G bit ¢ 32 bit ﬁ x0-east | 0 georeference info
Xy ~ __frecover | y0-north | 0 ** start/end utm of file 1
Survey type: %Eh ‘ . x1-east | 0
v adjust to single marker @ 0 yi-north | 0 COEE TR

**x After these steps, the identical processing as in the 3D Radar section for
*.vol format is followed
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1)

IDS Stream

The basic processes for the IDS Stream and their family of different
multi-channel GPR systems (including the EM, MT and Hi-Brite, and C
system) 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. Shown below is for a 15 channel
system Stream EM. Configurations for IDS Stream C HH and VV channels
are also given in the next few screen shots as well.

Create Information File: c\kisatchie\stream-demo - O
filename mfgchanne\g dat create profile name X offset y offset z offset GPS/Nav
#offiles [ InfO L1010001 dt 0. 0. 0 0.
file\dentifier €q. fI|E,‘ LI010002.dt 0 0. 0. 0
 dzt ¢ dt1  rd3 " custom LI010003.dt 0 0. 0. 0
ending identifier & dt  gsf ¢ rdB (C sgy .dt LI010004.dt 0 0. 0. 0
" dat " rad O .d7 " .vol LI010005.dt 0 0. 0 0
name increment LI010006 dt 0 0. 0. 0
name start
E E g E IE gps filename ext
X “xy  ang@ GPS (" vector .gpm
X start | 0 X end | 0 IDS Stream n
Y start | 0 Y end | 0

infomain.dat and infochannels.dat profile information files generated

unit/marker| 1 time window ns| 100
samplesiscan| 512 resampled scans/mrk| 25
binary resol ¢~ gbit @ 16bit  32bit

file list =
append name | infochannels dat Append

~ Import ‘raw
==
" radargram identifier MIpOIL DIOWSe
*.* multichannel general —

IDS Gred export v next>
=prev

[+ multi-channel Ntracks 5 track start# | 0 " 000 " _000_a0b00 " 0000

— Nchannels | 15 —commb delimited " 000-0 @ _000-
channel  [1234586.7.89,10,11,12,13,14,15
x offsets [-81-69-57-45-33-21-09,03 15,2739 41 53 65 77
yoffsets [ 373737, 373737, 3737, 37,37, 37, 37,_37,37, 37
z 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.

M) create I File:  c\gpr multic stream ¢ - melissa\ - o X
filename [ infomain.dat Create Info profile name x offset y offset 2 offset GPS/Nav
#offles |15

file identifier | 37rd (eg. file_000)

file extension | dt
gpsfile ext | gps ]
gpsnmea |SGPGGA |

name increment | 1

name start | 1

T

Cx Cy Cxy Cang® GPS ¢ vector

=

I

X start [ﬂ Xend |0
Y start ‘ 0 Yend |0
unit/marker 1 time window ns{ 64
512 25

1
binary resol.c- g pit ® 16 bit ¢ 32 bit

file list -
append name | infomain. dat Append
) Import - Create Info
*.* file extension

le identifier + extension

multichannel general

next>

Veclor_survey_information.dat v “<prev |

Ntracks | 15 yoffset | 25 xoffset | 0434 I~ zig-zag (x or y surveys/non-GPS)

Nchannels zoffset | xstart |-

ofiset e | h 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 multichanne\ids stream ¢ HH channels

= o X
filename | infomain.dat Create Info profile name x offset y offset z offset GPS/Nav
#offles 0

file identifier | 37rd (eg. file_000)

file extension | .dt
gpsfileext | gps
gpsnmea [SGPGGA  +|

name increment | 1

—[TEER R

cxy ¢ ang® GPS ¢ vector
X start ‘o Xend [0
Y start ‘ 0 Y end [ 0
unit/marker 1 time window ns 10
' 0 25

binary resol.c gpit @ 16bit 32 bit

file list -

append name | infomain.dat Append ‘

A Import - Create Info

*.* file extension

multichannel general

. __next>

vector_survey_information.dat v <prev
Ntracks 0 y offset 13 x offset \ .096 I zig-zag (x or y surveys/non-GPS)
Nchannels zoffset | x start

offet e 1] 0 [o help set

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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2) The next step is to work directly on the infochannels.dat file in the Edit Info
File menu.
every radargram. Clicking the IDS Stream Geox button will read these files
and place into *.dt.gps format using this systems array navigation.

GEOX files are the manufacturers navigation solution.

® Edit Information File:

c:\kisatchie\stream-demo\infochannels.dat

Recent IDS Stream operation now generate *.geox files with

(The

O X

info.dat ~ profile name x offset y offset zoffset  GPS/NAV division
infobak.dat
v 1 | LI010001.dt & |08 0. 0. 496. r
. 2 | LI020001.dt & |-069 0. 0. 496. r
|infochannels.dat 3 [L1030001 dt e [os7 0. 0. 496. r
save edits_| 4 |LI040001.dt o [-048 0. 0. 496. r
add xoff| add yoff| name + 5 |LI050001.dt 1033 0. 0. 496. r
- add zoff |add col4| name - 6 |LI0G00O0T . dt o021 0. 0. 496. r
firine spoifl [t spy o[/ i serg 7 [Cio70001.dt « [0.09 0. 0. 496. r
fimes zof | times cd | _delete 8 [LI080001 dt o [o.03 0 0 496 r
rotate | append chr| del Nth . . . . =
T EETER 9 | LI090001 dt & 015 0. 0. 496. r
10 |LI100001.dt 027 0. 0. 496. r
11 | LIM10001.dt 1039 0. 0. 496. r
| I 12 | LI120001.dt & 051 0. 0. 496. r
IDS get xy IDS get ts B
13 | LI130001. IDS Stream X K96 -
14 |LI140001. 496. r
& ascii Aray to nav 15 |LIM50001. 496 -
 unicode L1010002. _— 507
' 16 IDS Stream *.*.gps made from geox navigation B C
Rmealfoliny Siges 17 [Li020002. 507 r
nmea to nav | IDS Sstamp utm |
LI1030002. B07.
brwse x0x1y0y1 | IDS Sstamp nav 18 . "
XYyZ to nav fix stream nav 19 | LI040002. 07. r
gps update list 20 | LI050002. 0K 507. r
Il to utm 21 [LI060002. 507. r
gps getyaw | showgpsfle | 22 [L1070002 ke - - 507. r
LI080002 dt & |o.03 0 0. 507.
Ang, X, Y, XY to Vector I = ™
- 24 | LI090002.dt 015 0. 0. 507. r
_ umit/marker | 1 25 [L100002.dt e [oz 0 0. 507. r
time window (ns) | 100
samples/scan | 512 next:= | <prev | sort r | ®0tox1| sortx X>>y sorty | y0toyl
resampled scans/mark | 25 del odd x1 to yl rev file
binary ¢ 8 bit %
resol & 16 bit 32 bit —
recover

Survey type:

sort multichannel |

adjust to single marker @;l 0

29



2a) 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 - o X
infochannels editedit. dat " profile name x offset y offset z ofiset  GPS/MAV division
infoflip.dat
M v (] 1010001.t c o 0. 0. 12 r
i i 2 |LI010002.dt o 0. 0. 12. r
|infomain dat 3 [LI010003.ct e o 0. 0. 12. r
save edits_| 4 [LI010004. dt o 0. 0. 13. r
add xoff| add yoff| name + 5 |LI010005.dt o 0. 0. 13. r
- add zoff|add col4] name - 6 |LIO10006.dt  |o. 0. 0. 13. r
times xof | times yof insert 7 r r
times zof | times c4 delete
8 ' r
rotate append chr| del Mth
del channels 9 C r
10 o r
" o r
12 o r
IDS get DS get ts
takod g 12 s r
14 o r
@ ascii Array to nav 15 L8 r
" unicode IDS geox 16 (ol -
nmea to utm IDS gec 17 e r
nmeato nav |IDS Sstamp utm
p 13 e r
brwse x0x1y0y1 | IDS Sstamp nav
®yZ to nav fix stream nav 19 O r
gps update list 20 & r
Il to utm 21 e -
agps get yaw show gps file | 2 r r
-
Ang, X, Y, XY to Vector | 2 ~
: 24 o r
. u.r1|b’marker 1 2 P r
time window (ns) | 83.20
samples/scan | 427 next> | <prev | sortr | x0tox1| sortx KEzy sorty | y0toyl
resampled scans!m.ark 25 del odd x1to y0 rev file
binary ¢ 8 bit T
resal. & 16 bit 32 bit =
recover
i sort multichannel |
Survey type: - -
adjust to single marker @ | 0
v
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2b) 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 - o X
info_dat K profile name % offset y offset z offset GPS/NAV  division
infobak.dat
infochannels.dat v 1 | LIO10001.dt o 1-0.81 0. 0. 12. r
i 2 | LI020001.dt = |-0.69 0. 0. 12. r
linfochannels. dat 3 [LI030007.dt - [os7 0. 0. 12. r
save edits_| 4 [Lo40001.dt o [-04s 0 0 12. r
add xoff| add yoff| name + 5 | LIO5S0001 dt = 1-0.33 0. 0. 12. r
- add zoff|add col4| name - 6 |LIOBOOOT.dt 1021 0. 0. 12. r
times xof | times yof | _insert 7 [LI070001.ct o [009 0. 0. 12, r
times zof | times c4 delete s Li080001 dt e 003 0. 0. Ty r
rotate append chr| del Nth
del channels 9 | LI090001 dt 1015 0. 0. 12 -
10 |LI100001.dt o027 0. 0. 12. r
11 | L1100 r
=
12 01209 |DS Stream -
IDS get xy | IDS get ts | 13 [01300 =l r
14 [Ln40g =
~ . . . . L
& asci Ty w0 v 15 [L7s0g  L1010001.dt - LI150006.dt *.gps navigation files created -
" unicode 55 geox 16 | LIO100| B r
nmea to utm IDS gec 17 L0200 ml r
nmea to nav | IDS Sstamp utm 5
LI0300|
brwse x0x1y0y1 | IDS Sstamp nav 18 oK = u
XyZ to nav fix stream nav 19 |Li0400 L [
gps update list 20 | LI0500) r
Il to utm 21 | LI0B0002 dt o021 0. 0. 12. r
gps getyaw | show gpsfie | 22 [Lio70002.dt S EXT] 0. 0. 12. r
LI080002 _dt & 10.03 0. 0. 12
Ang, X, Y, XY to Vector | = O
. 24 | LI090002_dt 1015 0. 0. 12 -
_ umithmarker | 1 25 [L1100002.dt - [ozr 0. 0. 12 r
time window (ns) | 100
samples/scan | 512 next> | <prev | sortr | x0tox1| sortx K==y sorty | y0 toyl
resampled scans/mark | 25 %1 to y0 rev file
binary ¢ 8 bit —jell odd
resol @ 16 pit  32bit e et
v . recover
sort multichannel |
S type: XY
AT an adjust to single marker @;l 0
v
*** Note: For IDS Stream EM equipment, channels 1-8 the VV channels will have

often twice as many recorded scans as the HH channels 9-38. 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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3) After generating the infochannels.dat navigation file, the next step is

to convert the IDS individual channels - which come naturally
extracted from the IDS stream system - using the Batch Gain-Wobble
operation. Note that the conversion is done WITHOUT any gain set.
This is critical as the Ons offsets have not yet been corrected for. The
batch gain-wobble operation will insure that the drift on the bottom of
the radargram is properly brought back to the 0 line. (This will also
enable directly using the Regain operation after Ons editing is done
whereas without the batch gain — wobble operation, bandpass filtering
would have to first be applied before regaining).

Radargram Conversion: C:\kisatchie\stream-demo — O
output ‘\radar‘\ I IDS 16 to 16 bit I input |‘\raw\mfnchanne\s,dat
[ LI010001.dt
IDS of Italy 16 to 16 bit + gaining + format conversion: C\kisatchie\stream-demo - O
scroll+ gainl 100 gain reset LI010001 dt A new rad (52
croll Iin,gam,T LI010002.dt ) v wobble length
store gain curve
check gain exp.gain 5 = batch gain
Impol ain curve
chck giwob | start pt (1-16)1 1 make gain SRRy Sl Ay batch gain-wobble
right mouse-lock scan scan#= 399 sample #= 1 time (ns)=0. binary # = 378
breakpoint= 0
BlueBox Run gain step| 1 gain = 1. L1010001.dt wobble length : 52
remove wobble: 0 -1~ 8
171 = \
Qe » T[T
 no 3 T—1 1 2 ::__——:::a
1 _—1
400 2 h—">
5 1. +
6 -J1. + 4
LA K 3
CHE KN
9 [T+ i
1011, [+ d
-1+
12-01.  +| N
13 -1 + o input radargram raw\L1110001 dt
14; 1 J5s converted radargram  \radariL1110001.dt
15 |1 + ]
1611 [+ "
processing scan 424 of 497
12
13
cancel
14
) _
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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
DEEE |EEE Ingo_003_A01.iprb 0 0 0 0
gps file ext | cor
gpsnmea [SGPGGA v B |ngcfuuum.fprb 0. 0. 0 0
coordinate sys | UTM-Universal Transverse Mercator ~ Ingo_00S5_A01.iprb 0. 0. 0 0
name increment | 1
name start | 1
cx ¢y xy ¢ ang® GPS ¢ vector
Xstat 0 Xend |0
Ystat |0 Yend 0
Impulse Radar Raptor Multichannel X
unlb‘markerl 1 time window ns| 78.711
samplesfscan| 403 resampled scans,’mrk| 25 infomain.dat and infochannels.dat profile information files generated

binary resol.c gpit @ 16bit ¢ 32 bit

file list | - oK

append name | infochannels.dat Append
~ Import - Create Info
*.* radargram extension
*.* radargram identifier + extension
*.* multichannel general next>

vector_survey_information.dat

<prev
PN — Ntracks 5 y offset | 0 xoffset = 085
e —Nchannels 16 z offset 0 x start -64 I help set I
offset file
channel 1,2,3,4,5,6,7,89,10,1,12,13, 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
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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.

®) edit Information File iltichannelyir omain.dat — O
infochannels.dat & profile name x offset y offset z offset GPS/NAV  division
infochannelsedit.dat
@ 1| Ingo_001_A01.iprb c o 0. 0. 128. r
2 | Ingo_002_A01.iprb c |0 0. 0. 116. r
[ infornain.dat 3 |Ingo_003_AD1 iprb - [0 0 0. 86. r
save edits -
4 | Ingo_004_A01.iprb c |0 0 0. 82. r
addixonjjiaddiyomfighamet 5 | Ingo_005_A01 iprb c o 0. 0. 60. r
100 add zoff |add col4| name - -
times xof times yof insert 6 L
times zof | times col4 delete T | c r
rotate append chr | del Nth 8 (o] r
del minGPS | del chnnels 9 C 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 r
@® asci 14 r
© unicode Array to nav 15 - r
nmea to utm 16 “ r
nmea to nav 17 Nl r
filter nmea
c r
brwse x0x1y0y1 i
xyz to nav 19 C r
gps update list 20 c r
Il to utm show gps file | 21 c r
gps get yaw show file header \ 29 - r
C r
Ang, X, Y, XY to GPS or Vector | = |
24 Lo r
it/mark
i U.F'II marker 1 25 - r
time window (ns) | 78.711
samples/scan | 403 next> <prev sort r x0 to x1 sort x | X>>y sorty | yOtoyl
resampled scans/mark
r p " 25 T x1 to y0 rev file
brany C oot el even |
resol. & 1gbit € 32 bit B x0-east |0 georeference info |
Xy ~ T sort muttich | yO-north | 0 ** start/end utm of file 1
Survey type: % :O tTu Fc Ianne = | 5 x1-east |0
= SEJIESDE Tl TEE (2 ] yi-north | 0 utm zone | 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 Information File Iltichannelir r raptor\infochannels.d - D
info.dat " profile name x offset y offset z offset GPS/NAV  division
infobak.dat
infochannels.dat v 1 | Ingo_001_AO1.iprb c |-064 0. 0. 128. r
2 |Ingo_001_A02.iprb  |-0.555 0. Q. 128. r
infochannels.dat 3 [Ingo_007_AD03.iprb - [0a7 0 0. 128. r
save edits -
4 | Ingo_001_A04 iprb c [-0.385 0 0. 128. r
add xoff | add yoff| name + 5 |Ingo_001_A05 iprb c |03 0. 0. 128. r
100 add zoff |add col4d| name - -
| 001_AO06.iprb -0.215 0 0. 128.
times xof times yof insert 6 | Ingo_001 !pr ' ul
times zof | timescol4 | delete 7 .Ingo_001_A07 iprb c |-013 0 0. 128. r
rotate append chr del Nth 8 | Ingo_001_A08.iprb c |-0.045 0. 0. 128. r
del minGPS | del chnnels 9 |Ingo_001_A09.iprb ¢ |0.04 0. 0. 128. r
10 | Ingo_001_A10.iprb « [0125 0 0. 128. r
Raptor to utm \ Raptor get ts 11 |Ingo_001_A11.iprb o |0.21 0. 0. 128. r
Raptor to nav 12 |Ingo_001_A12.iprb c |0295 0. 0. 128. r
13 |Ingo_001_A13.iprb « |0.38 0 0. 128. r
BTacoii 14 | Ingo_001_A14.iprb « | 0465 0 0. 128. r
i | | Ingo_001_A15.iprb ams ~ ~ 128.
€ unicode Array to nav 15 | 'ngo_DNATS o Impulse Radar Raptor Multichannel b O .
nmea to utm 16 |Ingo_001_A186.iprb 128. r
nmea to nav il
17 | Ingo_002_AD1.iprb Ingo_001_A01.iprb - Ingo_005_A16.iprb *.gps navigation files created L e r
filter nmea -
_ 18 |Ingo_002_A02.iprb 116. r
brwse x0x1y0y1 Moo D62 AG3 s | —
gps update list 20 |Ingo_002_A04.iprb ﬁ 116. -
Il to utm show gps file ‘ 21 | Ingo_002_A05.iprb T U0 v ur 116. r
gps getyaw | show file header | 22 [Ingo_002_A0B.iprb ~ (0215 0 0. 1186. r
23 | Ingo_002_AO7.iprb c [-0.13 0 0. 116. r
Ang, X, Y, XY to GPS or Vector | -
24 | Ingo_002_A08.iprb c |-0.045 0 0. 116. r
ey 1 | 25 | Ingo_002_A08 iprb  [oo04 0 0. 116. r
time window (ns) | 78.711
samples/scan | 403 next> | <prev | sort r X0 to x1 ‘ sort x | X>>y | sort y y0 to y1 \
resampled scans/mark
f P! " 25 del odd x1to y0 rev file
binary € 8 bit del even
resol. @ qgbit 32 bit x0-east |0 georeference info |
Xy A recov:r iich | | yO-north | 0 ** start/end utm of file 1
sort multichannel
Survey type:  an - - x1-east | 0
Eh v adjust to single marker @ | 0 yl-north [0 e 34
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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). After these operations the user
can continue on to the section entitled “Processing Operations for all
Multichannel GPR Systems” in this manual.

@) GPr-sLicE
x-offset | Q

GPS/Nav/Vector Track Map:  c\multichanneNimpulse radar raptor

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
Npt-traj

0

Xyz times

del extra gps

1

info offset

del -scan#

extend gps

del bad elev int double gps

filter vector

\ scan lag

decimate VT time lag

® blue dots - inside GPS precision settings
@ magenta dots - outside GPS precision settings

set vector VX.VY.VZ total GPS survey length =8071.7 m
# of GPS outside precision = 0 out of a total of 7632
I track
[+ dots
v start/stop
I cross
redran
plot+
plot-

7230349

[ edit track
rt-mouse=del pt
lt-mouse=move pt
[ box delete
GPS post proc
coordinate sys

delete< precision
gpsquality

0-fix not valid/off
hdop ’T
Nsat |3

0 rotate track
show gps file

names on/off
store track map

track.jpg

dxf

kmz
Xypoints
Xyp-scan

7230319

y (m)

723028

kml 72302

T
394492
x (m)

394462
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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.

®
filename |infochannel-1 dat Create Info profile name x offset y offset z offset GPS/Nav
# of files 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.
13 em;‘m;'m: ':z‘ MSL 36802 M7_003.DZT 0. 0. 0 0.
gps file ext [ dzg
gps nmea [ SGPGGA Tl MSL 36802 M7_004.DZT 0. 0. 0 0.
MSL 36802 M7_005.DZT 0. 0. 0 0.
TR [ MSL 36802 M7_006.DZT 0. 0. 0 0.
name start | 1 MSL 36802 M7_007.DZT 0. 0. 0 0.
E ‘ MSL 36802 M7_008.DZT 0. 0. 0 0.
— 4 MSL 36802 M7_009.DZT 0. 0. 0 0.
OIS CHySICiang CIGRSE @ivecton MISL 36802 M7_010.DZT 0. o 0 0.
X start o X end 5 MSL 36802 M7_011.DZT 0. 0. 0 0.
MSL 36802 M7_012.DZT 0. 0. 0 0.
e (I Yend [10 MSL 36802 M7_013.DZT 0. 0. 0 0.
unit!markerl 1 time window ns| 20 MSESSe0zMATE D2} o 2 g &
MSL 36802 M7_015.DZT 0. 0. 0 0.
samples/scan| 512 resampled scans/mrk 25 o o
. SIR 30 X i
binary resol.c- gpit ¢ 16bit @ 32 bit 0 e
file list ﬂ 0 0.
infomain.dat and infochannels.dat profile information files generated 0 0.
append name | infochannel-1.dat Append

oK
~ Import - Create Info l

*.* radargram extension
*.* radargram identifier + extension

*.* multichannel general next>

vector_survey_information.dat v <prev
Ntracks 19 yoffset | 0 xoffset | .25 [ zig-zag (x or y surveys/non-GPS)
Nchannels z offset xstart |- [ ]

offset file 4 0 s help et

channel [1,2,3,4

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 - [m] X
infochannel-1edit.dat ~ profile name x offset y offset z offset GPS/NAV  division
infochannels.dat
v 1 | MSL 36802 M7_001.DZT c |0 0. 0. 164. r
2 | MSL 36802 M7_002.DZT c |0. 0. 0. 182. r
(infomain.dat 3 [MSL 36802 M7_003.DZT - [o 0. 0. 173, r
save edits =
4 | MSL 36802 M7_004.DZT c |0 0. a. 184. r
add xoff | add zoff| _name + 5 | MSL 36802 M7_005.DZT c o 0. 0. 46. r
14 -
-0 add yoff | add col4| _name 6 | MSL 36802 M7_006.DZT e o ) 0 168. r
times xoff | times xoff insert -
times yoff | times col4 delete | MSL 36802 M7_007.DZT Cr 0. 0. a. 8. r
rotate append chr | del Nth 8 |MSL 36802 M7_008.DZT c |0 0. 0. 167. r
del minGPS | del chnnels 9 | MSL 36802 M7_009.DZT c |0 0. 0. 160. r
GSSI get xy I GSSl get ts I 10 | MSL 36802 M7_010.DZT c |0 0. 0. 73. r
11 | MSL 36802 M7_011.DZT |0 0. 0. 40. r
GSSl to utm 12 [ MSL 36802 M7_012.DZT c [o. 0. 0. 100. r
|_CEENDY 1 13 |MSL 36802 M7_013.DZT c [o 0. 0. 80. r
GSSl to utm2
% asci 14 | MSL 36802 M7_014.DZT c |0 0. 0. 168. r
& T Arrayto nav | 15 [MSL 36802 M7_015.DZT c [o 0. 0. 23. r
nmea to utm I Separate SIR30 I 16 | MSL 36802 M7_016.DZT c |0 0. 0. 63. r
nmea to nav 17 | MSL 36802 M7_017.DZT c |0 0. 0. 111, r
18 | MSL 36802 M7_018.DZT c |0. 0. 0. 109. r
brwse x0x1y0y1 -
7“2 5 R 19 | MSL 36802 M7_019.DZT |0 0. 0. 59. r
gps update list 20 c r
Il to utm show gps file | 21 el r
gps get yaw show file header | 22 - r
23 C
Ang, X, Y, XY to GPS or Vector | r
24 c r
unit/marker | 1
— C
time window (ns) | 20 2= r
samples/scan | 512 next- | <prev | sortr | x0tox1 | sotx |  x>>y | soty | yotoyl |
resampled scans/mark
L P ! 25 del odd x1to y0 rev file
Y (@ e del even
resol.  ~ qapit @ 32 bit — x0-east | 0 georeference info I
ang . Lw:lt' hannel | yo-north | 0 **start/end utm of file 1
Survey type:  GPS St T xl-east |0
v adjust to single marker @ | 0 yi-north [© utm zone [ 25
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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....

formation File:  C\multichannel\murphy survey - sir 30\infochannels.dat - O
nfochannel-1.dat ~ profile name x offset y offset z offset GPS/INAV  division
infochannel-1edit.dat
v 1 [msl 36802 m7_001-1.dzt - [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 - |o. 0. ) 10. r
save edits =
4 | msl 36802 m7_001-4.dzt « (025 0. 0 10. r
add xoff | add zoff | _name + 5 [msl 36802 m7_002-1.0zt |05 0. 0 10. r
-0 add yoff| add col4| _name - & [msl 36802 m7_002-2.dzt ~ [025 0 ) 10. r
times xoff | times xoff insert -
times yoff | times cold | delete | ! 36802 m7_002-3.dzt OR) 0- 0. 0 10. r
rotate append chr | del Nth 8 | msl 36802 m7_002-4.dzt c (025 0. 0 10. r
del minGPS | del chnnels 9 | msl 36802 m7_003-1.dzt c |-05 0. 0 10. r
GSSl get xy | GSSl get ts | 10 | msl 36802 m7_003-2.dzt c |-025 0. 0 10. r
11 | msl 36802 m7_003-3.dzt C |0 0. 0 10. r
GSsl to utm 12 | msl 36802 m7_003-4.dzt « |025 0. 0 10. r
GSSl to nav
_ 0 10.
GSSI to utm2 SIR 30 x . . u
@ ascii 10. r
i | I 0 10.
® LilliEis AITEVILINGY 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. l_
0 10.
brwse x0x1y0y1 r
~wronar 0 o r
gps update list 0 10. r
Il to utm show gps file | 21 | msl 36802 m7_006-1.dzt c |05 0. 0 10. r
gps getyaw | show file header | 22 | msl 36802 m7_006-2.dzt  [-025 0. 0 10. r
23 | msl 36802 m7_006-3.dzt c |0. 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
e 25 |msl 36802 m7_007-1.dzt  [05 0. 0 10. =
time window (ns) | 20
samples/scan | 512 next> | <prev | sortr | x0tox1 | sortx | x>>y | sorty | yOtoy1 |
resampled scans/rqark 25 del odd x1to y0 rev file
e euE “aeleven | —
resol.  ~ 1gpit @ 32 bit e x0-east [0 georeference info |
ang N L:rlt' T yo-north | o “* start/end utm of file 1
Survey type: GPS sort muttichanne! x1-east [0
v adjust to single marker @ | 0 yl-noth [0 utmzone| 29
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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.

O}
filename |infggnanng|g dat Create Info profile name x offset v offset z offset GP3iNav
#offiles [ gpr_2017-01-05_{11_36_05)__1.rps [i 0 0 0
file identifier | file-
(eg. a_000)

" dd O dt1  rd3 O gpr O sgpr & custom
file extension « dt ¢ .gsf ¢ rd6 ¢ .sgy ¢ .geo ps
 dat € rad C rd7 © wol

name increment | 1
name start | 1

o R et o o e

©x &y ¢ x ¢ ang@ GPS (" wector gpsnmeastring

SGPGGA -

Xstat [42 Xend |42

RPS Multichannel X

Ystat [ Yend |29
unitimarker| 4 time window ns| 512
samplesiscan| 515 resampled scansimik| 25 infomain.dat and infochannels.dat profile information files generated
binaryresol.«~ gpit & 16 bit ¢ 32 bit
file Iisl| j
[ OK
append Name | infochannels. dat Append

AI Import - Create Info I
* * radargram extension

* * radargram identifier + extension

** multichannel general next=
vector_survey_information.dat w T
-comma delimited EU:CKS : 1 YU:SEI 0 XOITS:t 12 X gps po:e 0 _
channels z offse xsta - s pole
offsetfile 14 0 .79 yapsp 0 elp se

channel | 1,2,2,456,7,80,10,11,12,12, 14

% offsets | -0.75-0.63,-0.51-0.39,-0.27 -0.15,-0.02,0.09,0.21,0.32,0.45,0.57,0.69,0.81
y offsets |0.0,0,0,0,0,0,0.,0,0.0,0,0,0

zoffsets |

tr ofisets |

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.
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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 - = X
infochannels. dat A~ profile name x offset y offset z offset GPS/NAY  division
infochannelsedit.dat
M v 1 [gpr_2017-01-05_(11_36_05)__1.rps 0. 0. 0. 1511,
. . 2
| infomain.dat 5
save edits | 4
add xoff | add yoff| name + 5
I 1E-9 "3dd zoff |add col4| name - 6
times xof | times yof insert 7
times zof times c4 delete
rotate append chr | del Nth E
K del channels 9

-
o

~stepl gt

]

No
N

o Jie Bie Thie Rie Tie e Biie e e e B Ble Tie Biie Bie e e B Tie e e TS B B
1 e 5 5 S 5 S S

RPS to utm RPS getts
RPS to nav e
_— 14
+ ascii Array to nav | 15
" unicode 16
nmea to utm 47
nmea to nav @
brwse x0x1y0y1
Xyz to nav 19
gps update list 20
Il to utm 21
gps getyaw show gps file | 22
Ang, X, ¥, XY to Vector | =
24
unitmarker | 1 25
time window (ns) [ 512
samplesfscan | 512 next= | <prev | sortr | x0 to x1 | sortx | x==y | sorty | y0 to y1 |
resampled scansimark [ 25 *1toy0 | revfile |
binary ¢ 8 bit | GEIGEG] |
resol. @ 10t 32 bit %
X sort multichannel |
Survey type: adjustto single marker@ [ 0
W
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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 v offset z offset GPSINAV  division
infobak.dat
v gpr_2017-01-05_(11_36_05)_1-1.rps 075 . . 970,

1 [ 0 0 r
2 | gpr_2017-01-05_(11_36_05)__1-2Zrps  |-0.63 0. 0. 970. |
infoch |5.dat
Jinfochannels.dal 3 [Qpr_2017-01-05_(11_36_05)__1-3.1ps - [051 0. 0. 970. r
save edits | 4 [ gpr_2017-01-05_(11_36_05)__1-4.1ps  [-039 0. 0. 970. r
add xoff | add yoff| name + 5 | gpr_2017-01-05_(11_36_05)__1-5.rps ©|-027 0. 0. 970, r
1E-8 "aqd zoff [add cold| name - 6 | gpr_2017-01-05_(11_36_05)__1-6.rps  |-015 0. 0. 970. r
ST || TMEessE” ||| [SeT 7 [gpr_2017-01-05_(11_36_05)__1-7.rps o [-0o03 0. 0. 970. r
times zof times c4 delete
rotate append chr | del Nth 8 | gpr_2017-01-05_(11_36_05)__1-8.rps  |0.09 0. 0. 970. |
1 del channels 9 | gpr_2017-01-05_(11_36_05)__1-9.rps © lo2 0. 0. 970, r
10 | gpr_2017-01-05_(11_36_05)__1-10.rps 033 0. 0. 970, |
11 | gpr_2017-01-05_(11_36_05)__1-11.rps o 045 0. 0. 970. r
12 | gpr_2017-01-05_(11_36_05)__1-12rps 1057 0. 0. 970. |
RPSTo utm E—— 13 2017-01-05_(11_36_05)__1-13. & |069 0 0 970 r
RPS to nav extract RPS gpr_2017-01-0_(11_36_08)__1-13.ps : : : :
14 | gpr_2017-01-05_(11_36_05)__1-14.rps = |oa1 0. 0. 970, -
& ascii | Amraytonav || 15 [ r
" unicode 16 e -
nmea to utm 17 el r
nmea to nav
brwse x0x1y0y1 e C r
¥z to nav 19 C r
gps update list 20 o r
Il to utm 21 [ |
gps get yaw show gps file | 29 r r
-~
Ang, X, Y, XY to Vector | = a
_ 24 e r
. gn|Umarker 1 25 - r
time window (ns) | 512
samplesiscan [ 512 next= | =<prev | sortr | wtoxl | sortx x==y sorty | yotoyt
resampled scansimark | 25 ¥1toy0 rev file
. X del odd —_— —_—
binary ¢ 8 bit e |
resol. @& 16 bit ¢ 32 bit _—
recover
sort multichannel |
Surve e
yyp adjustto single marker @_l 0
W
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5) The next operation is to convert the raw radargrams in the Conversion
menu. No range gain is applied yet as time 0 corrections need to be done
first.  After this, standard operations detailed in the next section can be
followed.

- . . . — B = %
ot 1"34“‘m @ RPS Multichannel 16 bit + gaining + format conversion: rps 2 gps
sorols [ 2+ gain 6625  gainreset | |PTIMIREEE 05)_1-1.ps newrad Bl -
[ g 5 constanigan| 9P-201UM05(11.36.09_t-10:ps v Wobble length
 —— store gain curve
check gain exp.gain| o agc gain - - batch gain
— import gain curve
chckgwob | startpt (1‘16)1 1 make gain | —————8 batch gain-wobble
right mouse-lock scan scan#= 223 sample #= 1 time (ns) =0. binary # = 4088
gain step [ T breakpoint= 0 )
___ gain= 1. gpr_2017-01-05_(11_36_05)__1-1.rps wobble length : 52
0 -[i +
T © <=
~BlueBoxRun  —— 205, |4 .
remove wobble: < 5 s
4 -1 + 2 —_—
© yes G EmmiEy
& no 6 -1+ :
- 1 E[T ® 5 =
8 -1+ e
U i 5 -
10-1 4
aEl: | ‘ =E=='
2 [+ g =
statingrd >4 1. *] 3
= s >
endingri4s - 1. + <>
6-J1 -+ d P
10
"
12
13
“
<
15 >
-
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6) After conversion, the next step is to run the GPS vector trace# navigation
in the Marker menu. After this operation some standard processing
operations can be run, as detailed in the next section for all multichannel
radar systems.

O]
Warkers
Profile Name Markers  Tagged Errors xoffset  yoffset  zoffzet GPSMNAY
gpr_2017-01-05_(11_36_05)__1-1.1ps 971 o71 0 & [078 0 0. 970.
1. Artificial Mark:
P M opr_2017-01-05_(11_36_05)_1-21ps 971 971 0 ~ 083 |0 0. 970.
gpr_2017-01-05_(11_36_05)__1-3.1ps 971 971 0 |05 0 0. 970.
gpr_2017-01-05_(11_36_05)__1-4.rps 971 97 0 ¢ |-0.39 0 0. 970.
s gpr_2017-01-05_(11_36_05)__1-5.1ps 971 971 0 - [027 0 0. 970.
gpr_2017-01-05_(11_36_05)__1-6.rps 971 97 ]  |-0.15 0 0. 970.
edit gpr_2017-01-05_(11_36_05)__1-7.1p5 971 971 0 r [-003 0 0. 970.
gpr_2017-01-05_(11_36_05)__1-8.1ps 971 971 0 ~ [oo09 0 0 970
gpr_2017-01-05_(11_36_05)__1-9.rps 971 97 ] i 0.21 0 0. 970.
3. Interval Markers
gpr_2017-01-05_(11_36_05)__1-10.rps 971 971 0 ~ [o33 0 0. 970.
scans/marker= | g gpr_2017-01-05_(11_36_05)__1-11.rps 971 97 ] i 0.45 0 0. 970.
gpr_2017-01-05_(11_36_05)__112.ps5 971 971 0 ~ [057 0 0. 970.
gpr_2017-01-05_(11_36_05)__1-13.rps 971 97 ] i 0.69 0 0. 970.
4. GPSNVector Trace# gpr_2017-01-05_(11_36_05)__1-14rps 971 971 0 ~ [081 0 0. 970.
® GPR-SLICE  GPS/Nav/Vector Track Map:  rps 2 gps
xoffset [ et | deldounlegps | deldoublefimes | del bad gps | intbad gps filter gps track | delpt|line+| pt+ | X+ | Y+ | save | recover
y-offset | g we int double gps del double scans | error | A inttime gps | len| 2 err | 1 ”T’lT”T”T resample in range-xyz
z-offset [ XYz tran del double loc del extra gps del bad elev del-scan# | decmate [0 scanlag [0 line-| pt- | % | ¥- [ resampleinrangesy |1
Nptraj | 4 info offset del 0,0 null extend gps timelag | 0 ‘gprjm?—01—057(1135705)71-1.FDS j
total GPS survey length = 1542.5 m # blue dots - inside GPS precision settings "
lfEck # of GP3 outside precision = 0 out of a lotal of 13594 @ magenta dots - outside GPS precision settings - not included in time slice analysis
black -
™ dots
I start'stop
[~ cross
redraw |
plot+
plot-
I edittrack E 3998357 =
rt-mouse=del pt = %
It-mouse=mave pt
GPS post proc
delete= precision
gpsquality 3998347 | | | | |
- 416694 416704, 416714, 416724 416734 416744,
0-fix notvalid/of 2 x (m)
hdop | 10
Nsat | 3
| p— P ol
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RPS BlueBox Operation are also available in a convenient menu show below.
Bandpass and background filtering are set as the RSP batch operation. The
new Bandpass menu can have a simultaneous gain curve applied and set in
the Spectra+Gain menu. This Bluebox will go all the way to a final 3D
volume.

® GPR-SLICE  Ground Penetrating Radar Imaging Software: rps 2 gps

File Reverse MNavigation Slice Grid Pixel Radar 3dwolume Filter Static Animation Help

create new project
transfer data

create new info
edit info file
convert data
grid plot

gps track

@ BlueBox .. - o X

infomain.dat ¥ processing graphics

number of channels = 14

1 BlueBox Run: RPS Multichannel Ii

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

BlueBox batch processing
BlueBox: load/save

BlueBox: basic

BlueBox: basic + RSP

BlueBox: basic + editing

BlueBox: basic + editing + RSP

BlueBox: xy decoupled gridding + RSP

BlueBox: xy decoupled gridding + editing + RSP

user step 2: click RPS to Mav with infommain.dat
in Edit Info File menu

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

BlueBox: xy decoupled volume + RSP
BlueBox: xy decoupled volume + editing + RSP

user step 4: start the BlueBox Run

blue 1: Extraction

blue 2: Conversion
(wobble off)
blue 3: Mavigation

BlueBox multichannel batch processing

RPS Multichannel - customized RSP

blue 4: Radargram Editing
(threshold=5 Nsamp back=0)
blue 5: RSP Batch
[¥ bandpass
background (nlen=23000 n1=3 n2=512)
blue 5: Radargram 30%olume - prompt Ird
v helpset (xy gridcellsize=.08)
v interpolate gap (int=2 inty=2)
compiled folder=background
blue 6: Open GL

set all |

~ terminate i
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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 value for channel. Also, the number of channels are set before
the button Help Set is clicked.

®
filename | infochannels.dat Create Info profile name x offset y offset z offset GPS/Nav
#offiles | 1 N-TEST.t3r 0. 0. 0. 0.
file identifier | file__ 000 (eg. file_00D)

file extension | t3r
gps fileext | csv
gps nmea | SGPGGA |
coordinate sys | UTM-Universal Transverse Mercator j

name increment \ 1

name start | 1

[ Hx = =

Ccx Cy Cxy ¢ ang® GPS ¢ vector

X start 0 X end | 9.5
Y start 0 Y end | 10
uni/markerf 1 time window ns| 60
samples/scan| 256 resampled scans/mrk| 25 Isung Multichannel x

binary resol.c g pit C 16bit & 32 bit
file list =l

infomain.dat and infochannels.dat profile information files generated

= |

append name [infochannels.dat ~ Append

~ Import - Create Info
** radargram extension
*.* radargram identifier + extension
*.* multichannel general next>
- <prev

vector_survey_information.dat

_comma delimited Ntracks 1 yoffset | 0 xoffset | 075 [~ zig-zag (x or y surveys/non-GPS)
offset file Rcnaes 2 0 xstart | -863 [Thelpset |
channel 1,2,3,4,5,6,7,8,0, 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
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
Ir offsets
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2) Next step is to extract the individual channels from the multiplexed
The extracted channels are

radargrams from the infomain.dat file.

written to the \radar\ folder of the project.

@it Information

infochannels.dat

infochannelsedit.dat

infomain.dat .
\ infomain. dat
save edits ‘
add xoﬂ’| add yoff | name +
863 add zoff |add cold| name -
times xof times yof insert
times zof | times col4 delete
rotate append chr del Nth
del minGPS | del chnnels
Isung extract
@® asci
© unicode Array to nav
nmea to utm
nmea to nav
filter nmea
brwse x0x1y0y1
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) | 60
samples/scan | 256

resampled s
binary
resol.

cans/mark | 25

8 bit

C 16 bit @ 32 bit
Xy ~

Survey type:  and

GPs 4

profile name

x offset

y offset

z offset

GPS/NAV

O

division

N-TEST.3r

0. 0

1

1
2
3
4

3

s Biie Biie Biie Bille

3r Extract

input radargram
N-TEST.t3r

channel radargrams *1- 24
n-test-ch-1, 24.t3r

pracessing scan
16098

cancel

next> | <prev | sortr

del odd

del even

recover
sort multichannel

adjust to single marker @
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s Biie Biiie Bilie Rl e Biie Bilie |

x0 to x1

sortx |

x>>y | sorty

o 1w o o w5 S 5 o S S o o S e o S o (S (S |

yotoyl |

x0-east
y0-north
x1-east
y1-north

110 y0 |

rev file |

georeference info

(=] =] =]§=]

** start/end utm of file 1

utm zone | 52



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.

[ dit Information F - il ultichannelinf t O
infochannels.dat 2 profile name x offset y offset z offset GPS/NAV  division
infochannelsedit.dat
Y 1 | N-TEST.t3r c |o. 0. 0. 89. r
2 2 c r
\nfomam‘d‘ai 3 pe -
save edits
4 Cial I r
add mﬂ‘ add yoff| name + @Customized Navigation File Import: C\multichannel\busan - isung multichannel\ - m} X r
_863 add zoff ‘ add col4| name - -
times xof times yof insert . .
skip N header lines 0 /
times zof | times col4 delete 7 cglumn [ na I s el Pl ] | r
rotate append chr del Nth y column 2  coordinates in +/- lat/long deg/min r
del minGPS | del chnnels @ coordinates in +/- lat/long decimal] r
z column 4
B T coordinates in utm or xyz
nmea time column 0 r
scani column 1 i r
| e o L
m -  +vector from xy 2d profile r
meridian E
. © -vector from xy 2d profile r
gps quality column 0 ) ! :
" . © roll/pitch/yaw import in radians r
@ ascii N satellites column 0 ¢ rolifoitch? : rtin di -
 unicode Array to nav HDOP column 0 rolipitor/yaw import n degrees r
nmea to utm xvec/roll column 0 r
nmea to nav yvec/pitch column 0 r
filter nmea zvec/yaw column 0 -
brwse x0x1y0y1 gps/nav file extension .csv L
| xyz to nav xyz scale factor 1 r
gps update list UTM zonenumber 52 r
Il to utm show gps file remove character 0 r
gps get yaw show file header B r
* if no columns are available set to 0 . r
Ang, X, Y, XY to GPS or Vector \ * for reading NMEA strings use xyz scale factor=.01
e ———— T e T T T r
unit/marker | 1 25 ‘ - ‘ ‘ r

time window (ns) | 60

samples/scan | 256 next> | <prev sort r x0 to x1 sort x X>>y sort y yOtoyl |

resampled scans/mark | 25 x1 to y0 rev file

binary 8 bit _ dolodd |
resol.  ~ qgpit & 32 bit gelleven x0-east | 0 georeference info
y . recover yO-north | 0 ** start/end utm of file 1
Survey type: |ang sort multichannel | xi-east |0
’ v adjust to single marker @ 0 yl-north | 0 utm zone\ 52
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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 - O X
info.dat - profile name x offset y offset z offset GPS/NAV  division
infobak dat
infochannels.dat v 1 | N-TEST-ch-1.t3r  |-0.863 0. 0 89. r
2 | N-TEST-ch-2.t3r  |-0.788 Q. 0. 89. r
infochannels. dat 3 [N-TEST-ch-3.3r -~ o713 0. 0. 8o, -
save edits
4 | N-TEST-ch-4.t3r | -0.638 0. 0 89. r
add xoff | add yoff | _name + 5 | N-TEST-ch-5.t3r - [-0563 0. 0. 89. r
-863 _add zoff|add col4| name - 6 | N-TEST-ch-6.t3r - [-0.488 0. 0. 89. r
times xof times yof insert
times zof | times cold delete 7 | N-TEST-ch-7.t3r c |-0413 0. 0. 89. r
rotate append chr | del Nth 8 |N-TEST-ch-8.t3r  |-0.338 0. 0. 89. r
del minGPS | del chnnels 9 | N-TEST-ch-9.t3r  |-0.263 0. 0 89. r
10 |N-TEST-ch-10.t3r c -0.188 0. 0. 89. r
11 | N-TEST-ch-11.t3r ¢ |-0.113 0. 0. 89. r
Isung extract 12 |N-TEST-ch-12.t3r ~ |-0.038 0. 0. 89. r
13 |N-TEST-ch-13.13r 0037 0. 0. 89. r
& ascii 14 |N-TEST-ch-14.t3r c 0112 0. 0. 89. r
€ unicode ':l”‘"ay e 15 |N-TEST-ch-15.t3r c [0.187 0. 0. 89. r
nmea to utm 16 |N-TEST-ch-16.t3r 0262 0. 0 89. r
nmea to nav 17 | N-TEST-ch-17.13r c |0.337 Q. 0. 89. r
fillefinne 18 [N-TEST-ch-18.3r e (0412 0. 0. 8o, -
brwse x0x1y0y1 N-TEST-ch-19.13 0.487 0] 0 89
xyz to nav 19 [N -ch-19.83r C - : : r
gps update list 20 |N-TEST-ch-20.t3r  [0.562 0. 0. 89. r
Il to utm show gps file ‘ 21 |N-TEST-ch-21.13r 0637 0. 0. 89. r
gps getyaw | show file header | 22 |N-TEST-ch-22.t3r 0712 0. 0. 89. r
23 | N-TEST-ch-23.13r c |0.787 0. 0. 89. r
Ang, X, Y, XY to GPS or Vector |
24 |N-TEST-ch-24.13r 0862 0. 0 89. r
) u_nlt:'marker 1 25 - r
time window (ns) | 60
samples/scan | 256 next> <prev | sort r X0 to x1 sort X X>>y sort y \ y0 to y1 \
resampled scans/mark
: p " 25 del odd x1 to y0 rev file
L WO deleven |
resol. - qgpit @ 32 bit —resover | x0-east [0 georeference info |
xy . R e y0-north | 0 ** start/end utm of file 1
Survey type:  ang sort multichannel | x1-east 0
v adjust to single marker @ | 0 yi-north |0 T =2
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5) The next operation is to convert the raw radargrams in the
Conversion menu. No range gain is applied yet as time 0 corrections
need to be done first. However, one needs to apply a constant gain.
The user should experiment with different gain values till the initial
ground wave pulse appears and is not clipped. This particularly data
requires a constant gain of about 50000 to be applied. After this gain
is applied the user can begin data processing by clicking the Batch
Gain button or the Batch Gain-Wobble button should they want to
remove low frequency noise if it exists.

BB Radargram Conversion: € hann - isu 0
output  \radar\ | Isung Multichannel 32 to 32 bit input  infochannels. dat
| N-TEST-ch-1.13r
@\sung Multichannel format conversion:  C\multichannel\busan - isung multichannel\,
scroll+ | z+ gain 50000 gain reset
- - lin.gain| i N-TEST-ch-1.13r ~  newrad
scroll 2 d ! 55 constant gain N-TEST.ch-2 13r — )
i exp.gain 4 i i
check gain age gain store gainourve | SR | wobble length
chck g/wob start pt (1-16) 0 make gain import gain curve batch gain-wobble s
fight mouse-lock scan scan®= 118 sample #= 131 time (ns)=31.  binary # = 633335666458
breakpoint= 0
gsin= 50001 N-TEST-ch-1.63r wobble length : 28
gainstep 1
BlueBox Run /"'"‘\ J
0 - |50001. + (L T I N
remove wobble: |4 155004 = g =
1= . — - <
® yes 2 - |50001. = > >
€ no 3 -|s0001.  + < <
4 - |50001. ]
5 -[50001.  + N
6 - |50001. i
7 - |50001. +
8 - 50001 +
9 -|50001.  +|
10 - [50001. +|
1 - [s0001. +|
12 - [s0001. +|
13 - [s0001. +|
14 - [s0001. +|
15 - [50001.  +|
16 - [50001. +|
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6) After conversion, the next step is to run the GPS vector trace#

navigation in the Marker menu.
processing operations can be run,

After this operation some standard
as detailed in the next section for all

multichannel radar systems.

ol

e
o)

Profile Name
N-TEST-ch-1.13r
N-TEST-ch-2.13r
N-TEST-ch-3.13r
N-TEST-ch-4.t3r
N-TEST-ch-5.13r
N-TEST-ch-6.13r
N-TEST-ch-7.13r
N-TEST-ch-8.13r
N-TEST-ch-9.t3r
N-TEST-ch-10.t3r
N-TEST-ch-11.13r
N-TEST-ch-12 t3r
N-TEST-ch-13.13r
N-TEST-ch-14.t3r
N-TEST-ch-15.t3r
N-TEST-ch-16.t3r
N-TEST-ch-17.t3r
N-TEST-ch-18.t3r
N-TEST-ch-19.t3r
N-TEST-ch-20 t3r
N-TEST-ch-21.t3r
N-TEST-ch-22.t3r
N-TEST-ch-23.13r
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 multichanneliradart
total number of files = 24

N-TEST-ch-1.13r 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

store track map

Markers

Markers  Tagged Errors x offset y offset z offset GPS/NAV
20 @ -0.863 0. (1] 89.
90 c -0.788 0 0 89
90 [ -0.713 0 0 89.

@) GPR-SUICE  GPS/Nav/Vector Track Map: ~ C:\multichannebusan - isung multichannely - O X
w-offset | 0 xyz offset del double gps del double times del bad gps int bad gps filter gps track
y-offset | 0 xyz fran | del double scans del 0,0 null emor | 1 inttimegps |len | 4 e | 3
z-offiset | 0 xyz times del extra gps del bad elev int double gps filter vector
Npt-traj | 1 info offset del -scan# extend gps decimate ]T

set vector vx.vy.vz
I+ track

gray hd
I¥ dots
Iv start/stop
I™ cross
redraw
plot+ | plot-

coord sys=UTM
coordinate sys
conversion

™ edit track
t-mouse=del pt
lt-mouse=move pt
box delete
delete< precision
gpsquality
0-fix not valid/off
hdop | 1000
Nsat | 3

show gps file
90 rotate track
names on/off

track jpg

dxf

kmz kml
xypoints
Xyp-scan

After Navigation the user can run BlueBox operations or continue to do processing manual as shown in
the next section for all multichannel manufacturers.
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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:

e 0Ons radargram editing

e Spectra+Gain

e Bandpass filtering

e Background removal

e Migration (as an optional filter)

e Hilbert transform (as an option)

e 3D radargram volume generation

e 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.

O)
\edif\ - -
LU R L 2 input directory infochannels.dat
sample start | 3 append & [radan
end | 399 ident c R e\
resample LI1010001.dt
: | ¥ilten\
\editt truncate horizon1 ~  \migrate\ L1020001.dt
c [hilbert\ LI030001.dt
\edit\ auto Ons | \boxcan L1040001.dt
line-by-line + ¢ |\bandpass\ L1050001.dt
truncate
«  |\topo\
method P . Line-by-line time 0 offset X
auto Ons ©  \regain\
1 2 scan-by-scan + «  |\deconw\
Ll truncate o \work\ \topo\*.hoz time 0 line-by-line offset files generated via median values
R P min time 0 sample= 27  LI080001.dt
thre;hn\(w . \whiten\ max time 0 sample= 107  LI070005.dt
3 | \nmo\
Threshold(.05=>5%) 25 Lo |
start from sample N 0 L rovuy Toun
backup N
a: UPthS:";p Nthreshold b 0 NN starting radargram# | 1 L1140001.dt
* method 1: reshold breach - Nsam
P #of radargrams | 90 L1150001.dt
" method 2: Npeak response - Nsamp % multithread processin
" method 3: Nzero crossing - Nsamp . P . ¢ S
¥ processing graphics
I L1020002.dt
- ~ autoscaling
\edit\ scan resamp ‘ 50% L1030002.dt
new scan length| 512 60% Radargram Editing
70%
\edit\ truncate scans | 80%
start scan | 0 append tsamp- 90% *** switch to cAmultichannel\stream-demo\infochannelsedit.dat information
—— ident 100% file
end scan | 0 110%
125% v
\nmo\ normal moveout - .
vel (m/ns) 116 - i
TxRx (m) chan 1: BlueBc :
C scan-by-scan
append all radargrams | @ line-by-line next> | <prev

append name

e

——

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

\migratel migration input directory infochannelsedit dat
velocity model  block I (
di ic (3279 ﬁ ¢ \radan\ @ |w2d3_083-1.rd3 RSP batch
el s B0 orenl kirchhoff ¢ \resample\ o Md§:083~21d3 _
width [23 o Milten € [w2d3 083-3rd3
gain [ 7 ‘ r@)Bandpass Filter Settings:  mala mira - richard potter o a X
sample start [ 3 search z+ gaini 1411.25 gain reset [w2d3_083-1.rd3
sampleend [ 372 A z lin.gain 258 constant gain - — export as
- i store gain curve -
\hilbert\ hilbert exp.gain 0 | age gain - .
@ magnitude @ start pt (1-16) 1 R | e |
(" absolute —
\mala mia - dchard 08311
\fite  autoset [ backgrnd 1 | |  operpin
length | 99000 2 ; : ; - e %
sample start| 3 I:(D NN | A‘\
sample end | 372 backgrnd
@ line-by-line channel-J:(El Lt} )
" grid-by-grid  by-channel gainstep[1
\boxcar\ stack boxcar T T R T AT R
heigh 0 «—|% =145 i ; {
2 -|525 +
\whiten\ whiten-gain hi 3 - (1186 =] %
fcot] 401 [l 06 Jj):l 4 199+ P
lo-cut [ 183 MHz 5 ~[1898 =l 4
\bandpass\ spectra |bandpass | 6 _ (3378 T \
8 -[500.8 | \
\regain\ regain |9 -[5596 + \
€ on H ¢I 10 - [647.8 9 t
Bluebox wobble @ off 1 - [6805 (5 %
\deconi [ bandpass  cepstrum || 12 - | 836. | T
deconv gain 13 - |992.4 + by
I 14 -[10687  +| N
impulse  spiking |decons;w | 15 - [1098.2 + hs
~ 16 - [11289  +| \
g = = "
decans-w “:
5

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 needed 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.

®rittering:  mala mira - richard potter — O

\migrate\ migration

velocity model  block
i T |

velmins [0.078 kirchhoff

e

input directory infochannelsedit.dat
\radan\ w2d3_083-1.rd3 RSP batch
w2d3_083-2.rd3

\resample\
w2d3_083-3.rd3

0 ie iie (@
e le Nel

\migrate\

\filter\
N e w2d3_083-4.rd3 process 1: |bandpass -
gain [ 7 search
sample start | 3 =

\hilbert\ hilbert o
@ magnitude 195
¢ absolute e
\filte  autoset [v backgrnd o

| 17.0
length [ 93000 e
sample start| 3 156.0
sample end [ 372 backgrnd 4153 =

1950 5003
@ line-by-line € channel-m
 grid-by-grid  by-channel
\boxcar\ stack boxcar

width| 1 e

Bandpass Filtering

\edifw2d3_083-1.rd3 00

depth (cm)

helghq 0 2 .
M M UL SN SmN BN S masoges masmwL S
. T 43741812 43741811 43741809 43741808 43741 43741804 43741803 43741801 43741 374

\whiten\ whiten-gain - hiten 7 197 2 203 22 361 39 a5

hi-cut | 461 .06 \ba 3_083-1.rd3 A
lo-cut [ 183 MHz = - - ~

\bandpass\ spectra | bandpass
Haemaf ()

\regain\ regain
 on
Bluebox wobble @ off

3351987 3351954
43741818 43741816
00 3

depth (cm)
8
°
su)

\deconV\  [v bandpass cepstrum

deconv gain
=

impulse  spiking |decons/w

1987 3351954 3351916 3351886 3351853 3351826 335179.0 3351753 3351725 3351695 3351666 3351628 3351507

@) 335 195 5188 3351553
L 43741818 43741816 43741812 43741811 43741809 43741808 43741806 43741804 43741803 43741801 43741800 43741797 43741794 43741795
00 3 02 134 162 197 25 6 293 322 36.1 391 43

decons-w | x(m)
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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 number 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.)

\migrate\ migration . - =
2 input directory infochannelsedit.dat
velocity model | block e & [onhibgsigg =
dielectric [1478 Cib odoRI I RSP batch
kirchhoff ¢ \resample\ € | w2d3_083-2.rd3
velm/ns [0.078
width (43 ey (. [W205 De3R i3 =
gain ‘r7— A ¢ \migrate\ € | w2d3_083-4,rd3 process 1: | bandpass L]
|7 Tsearch ¢ \hilbert\ =
sample start | 3 e
sample end ' ‘
P {372 A @ \bandpass\
\hilbert\ hilbert ¢ \topo\
@ magnitude ¢ \regain\
" absolute ¢ \deconw\
\fter.  autoset [ backgmd  ledit
length [ 99000  \work\
sample start| 3 ¢ \whiten\
sample end | 372 backgrnd
@ line-by-line cnanneL_HEl starting radargram# | 1 g
 grid-by-grid  by-channel ending radargram# |1
oorcar stack | _boxcar
wiath| 1 e C radar2d-size
N o LD .
R somer dmms  fnwis Cowms e, oMo
tunker 1 WhMbO-0R) _whiten 0% PT A FEA A Pl w7
hi-cut | 461 | .06 60%
70% \terw23 083-1 193
lo-cut | 183 MHz 80% -
\bandpass\ spectra bandpass 90%
C A, 100%
z 125%
\regain\ regain 150% £
Con 200% s
Bluebox wobble @ off §
\deconv\ [V export
deconv gain
1
3351987 3051954 3351916 3351686 351853 IISIE26  JSI790 31753 3ISIT25 3051695 IIS1666 391628 3351507
43741818 43741816 43741812 43741811 43741809 43741808 4374180 6 43741804 43741803 43741801 43741800 43741707 43741794
00 33 71 102 B 182 197 3 x22 %1 01
decons«w \deconvi fk x(m)
<
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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
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of Z grid cells can be 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 hi-
memory graphics card is not be used.

3D Radargram Volume Generation: c\kisatchie\stream-demo - b

3D ﬂlenamel rad3d.dat I create radar3D file I

grid cells XY | 650 | 0.1 I Help Set I infochannels.dat
i xy cell size C [radart
grid cells Z | 125 LI010001 dt

channel remove I LI020001 dt  resample

samplesto Ons | 3 ™ focus LI030001 dt @ [filter\
3

I LI040001 dt ( \migrate\

sample start

LI050001 dt :
¢ fhilbert
sample end [ 512 3d block creation LI0B0001 dt

xstart 304513 x block size[ LI070001 dt ¢ Jboxcar
yblocksize| 0 L080001 dt  fbandpass\
c

x end I 304578, how block
show blocks I LI090001 dt topol
y start 4664343, l\pi
I LI100001 .dt

Yend I 4664357

xsearch-cels [1 interpolate gap
y search-cells | 1 interpolate all Input Directory Vfilter\
inverse dist wt 2 smooth
- Input File LI010005.dt
H_calibration_curve H_calibration_mal ol rad3d.dat
H_calibration_constant show cal |
1 2 3 n 5 6 7 8 9 3D Radar Size 650x 140x 125
ERERERERERERENENE
11 12 13 14 15 Compilation Processing 68% Complete
EREREREREN
cancel |
LI080002. dt
LI090002 dt
L1100002._dt

next= | <prev |
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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 Tfucus I colcut Ji ci\ur up | In0 | dn|l \u—h\cut‘ ﬂ psp- | p5p+| dn | up s\uw| fast ‘ bmp| irg ||zm\ra identfier

-3 18. 0. transp Ji | —J— v-xfm hrzn | net| cunt‘ z- 1. z+ ‘xyf 2.1 xy+| stop| It ‘ t ‘ make animation | beta google kmz ‘
41. 101, 6541 lite \su—Lm iso | X|Y ‘ Z | H | rxm ‘\radar\ ﬂ step- 5tep+| bounce ‘510re| rot-xy | rot-z ‘ trajectory anim.

grid2d [ GPSmypit v |~ fill  stat \ export | 2Doff \ 0| s | R |LI010001 ot vz F———— clear| title | [~ Z-solid-beta

Zscan=" Zz=0Q.crm

/ ! J I |
304513 304523 304533 304543 304553 304563 304573

x (m)
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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 |
grid cells XY 50 01 Help Set infochannels. dat
: xy cell size ¢ [radar\
gridcellsZ | 125 [LI010001 dt
channel remove |L|E}200[}1_dt (~ \resample\
samplesto Ons | 3 [~ focus | LI030001.dt @ [fer
camole start [ | LI040001 dt ¢ [wmigrate\
P ’ | LI0S0001.dt .
| d = " [hilbert\
sampie end | 512 3d block creation | LIOB00O1 it
xstart  [304513 x block size [ 0 [ LI070001 dt € [lboxcan
xend [30a578 e 0 [ LI080001 dt ¢ [bandpass\
a8
show blocks LI090001 dt ~ fitopot
ystart [4564343. ! = P
Yend [4664357 3D file gap interpolation fill:  c:\kisatchie\stream-demo
x search-cells | 1 interpolate gap
y search-cells 1 interpolate all
inverse distwt | 2 smooth Input File rad3d.dat
H_calibration_curve H_calibration_man output File intrad3d_dat
H_calibration_constant show cal | L 3D Volume Size 650 x 140 x 125

1 2 3 4 5 6 7 8 9
ERERERERERERERERE
1 12 13 14 15

’1—|1—|1—’1—|1— cancel

36% Complete

| 1070002 it
| LI080002.dt
| LI090002 dt
| L1100002.dt

next= | <prev
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The hardwired identifier “int” gets appended onto the new interpolated 3D
flename. 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:

helpset ffocus [~ coleut _l— colorP’ lo-hicut v | psp- |psp+| dn | up |slow| fast bmp| jpg | zmira identfier

-3. 18. 0. transp J— E '—_l—‘ v-xfm hrzn[ ne1| com| z- 1. z+ | Xy- mxw] stop | It | rt I make animation [ beta google kmz
41. 101. 65.4:[ lite |s_o-|.ﬁ iso | X|Y | 74 | H | r-xfm |\radar\ L’ step- s1ep*| bounce|store| rot-xy rot-z] trajectory anim. |

grid2d [GPS/ixypit <[ fil stat | export | 2Doff | O s| R [Uot000Tdt ]z f|————— clear| fitle | ¥ Z-solid-beta

ZETANNT D2 =60 . 25crm

46643450

304513 304523 304533 304543 304553 304563 304573
x(m)

3D Volume Smoothing

The Grid menu in GPR-SLICE has had volume smoothing operations since
2008. All of these filters were originally made to smooth out the volume
following a 3x3x3 or 5x5x5 or 9x9x9 or 17x17x17 size. These smoothing
operations also contained the z grid cells. However, with the new hi-density
multi-channel data, the smoothing in the Z direction is now not as necessary
to make appealing volumes. 3x3x1, 5x5x1, 9x9x1 or 17x17x1 smoothing is
now done on the volume at single z levels. (Note: It would be a mistake to
do smoothing on a high density pulse volume including other z levels, since
the data would tend to 0 as the interpolation radius increased in this
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direction. A Hilbert transformed volume on the other hand would not tend to
0 since this is a completely rectified volume).

Single plane smoothing operations can be accessed directly in the Grid
menu. For a convenience the more common 3x3x1 filter can be
expedited in the 3D Radargram Volume Generation menu as shown in the

next menu screen shot. The letter “I” is appended onto the input 3D
filename.
3D Radargram Volume Generation: c\kisatchie\stream-demo - 0O

3D filename| rad2d.dat
grid cells XY | 650 0.1 Help Set

create radar3D file |

infochannels_dat

: xy cell size ¢ lradar\
grdcellsZ | 125 [LI010001 dt
channel remove | LI020001.dt C [resamplel
samples to Ons ’3— ™ focus | LI030001.dt (@) e}
carmle <tart | LI040001 it ¢ hrmigrate\
P ’ | LI0S0001.dt .
) end Dr -  [\hilbert\
sampie end | 512 3d block creation | LIOB0001 it
xstart | 3p4513. ¥ block size | | LIO70001.dt € boxcan
block size | ‘bandpass
e aen ¥ | LIO800O01 it C p
show blocks | Linnnnnd s E -
ystart [ 4664343, 3x3x1 low pass - 3D Volume filtering: c:\kisat...
Yend 4664357
xsearch-cells [ 1 interpolate gap AL SRR
y search-cells 1 interpolate all_| output grid Irad3d.dat
nverse distwt | 2 tsmwth - arid size 650 x 140 x 125
H_calibration_curve H_calibration_manual
H_calibration_constant show cal | reset
1 2 3 4 5 6 7 8 9 10
processing 5% complete
1 1 1 1 1 1 1 1 1 1
11 12 13 14 15 cancel
1 1 1 1 1
] LIDBU0UZ. dt
| LIO70002 it
| LI080002.dt
| LI090002 it
| LI100002.dt

next= | <prev
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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 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 - B ﬁ
2 3 4 6 7

grid cells XY ’W ’T Help Set
grid cells Z ’W EEISEE
channel remove ’—
samples to Ons ’3— [v focus
sample start ’3—
sample end ’W 3d block creation
x start ’07 xblocksize[ 0
- ’157 yblocksize[ 0

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
1 2 3 4 5 6 7

[0 [o To To To To [o-




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-SLICEsv7z0o Multi-Channel
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(Data courtesy Gianfranco Morelli of Geostudi Astier, Italy,
www.geostudiastier.com)

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:

100 L

(Data is courtesy of Shawn Williams, Idaho National Laboratories.)

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).
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© GPR-SLICE - Open GL Volume Display:  3dr-compare: linttestA3d.dat

helpset [fOCUS [ coleut |———— color updn [v" lo-hicut v | psp-|psp+| dn | up |slow| fast bmp| jpg | zmira identfier
.3—’18—/0_lransp e z =l vxfm | hrzn| net‘ contl z[1. [ z+ ‘ xy- "2— xy+| stop | It | t ‘ make animation I beta google kmz
M—’T 65.4:[ lite M[TS iso | X|Y [ z } H | r-xfm |‘\radar\ j step- step+, bounce [store' rot-xy rot-zl trajectory anim. |

grid2d [GPS/xy pit v |~ fil  stat | export | 2Doff | O [ s | R |L1010001.dt ~|z fF———— clear| title || [v Z-solid-beta

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.
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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: gianfranco-stream-cnrB-2010: lintinterval3d.dat

helpset lOCUS [~ coleut cu\nr| up ‘ In0 ‘ dn [+ lo-hicut ’—Ll psp- |psp+‘ dn | up |s\uw‘ fast ‘ bmp| ipg ‘W\denmer
’T,TITUEHSD Ji ﬁ{ 7J7 v-xfm hrzn‘ net‘ comt| ﬂ,? z+ |xy, "T xy+| stop| It ‘ rt | make animation ‘ beta google kmz
TW 6.4 lite ﬂ,ﬁ iso Y | z ‘ H | r-xfm |\radar\ ﬂ step-|step+‘ bounce ‘ sture‘ mt-xy| rm-z| trajectory anim. ‘

grid2d | GPS/xyptt v | fil  stat | export | 2Doff | O | s | R [L010001.at |z F———— clear| fille ] [ Z-solid-beta

- D,n‘\

e

S=[pS
engage lo-cut/hi-cut
IT hi-cut I save 3D xform I
|4B— lo-cut

Tocut= 48 ot 65

color table
+

m
sqr(logarithm)

logarithm

square root
cosine

linear
bipolar1
bipolar2
bipolar3
bipolar4
square
* exponential
exp'2
- | shift
A0y | times

+
T

normalized amplitude= 0 breakpoint = 0

e Nstd.dev | 3

S
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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:

o multichannel extract (for Mala, 3D Radar, Isung systems)
o raw data conversion
o navigation
o Ons radargram editing
o Typical radargram signal processes are set in the Filter menu (see screen shot)
* bandpass + simultaneous gain
= background filtering
= (Kirchoff migration — optional)
= Hilbert transform,
o radargram volume generation
o >>0OpenGL

@ Filtering: mala mira - richard potter = a X
\mi \ migration
mlgrate g input directory infochannels.dat
velocity model  block adan .
dielectric [1479 ' ' €L “ p2te 08y vl RSP batch
velmins (G075 Kirchhoff C [{Reairciy fle =
width |78 Cij\ite w2d3_083-3.rd3 —
o | 7 ~ \migrate\ ¢ [wad3_083-4.1d3 process 1: [ bandpass El
sample start | 3 search c :E“T;\\ ? w2d3_083-5.rd3
Saioleend | 206 -‘ ¢ \boxc: w2d3_083-6.rd3 P o
- ¢ \bandpass\ C | w2d3_083-7.rd3 process 2: [background -
\hilbert\ hilbert ¢ \topo\ | w2d3_083-8.rd3
® magnitude @ ~ \regain\ C [w2d3_084-1.rd3
(" absolute ¢ \deconw\ C | w2d3_084-2.rd3 process 3: | hilbert i
\filter\ autoset [v backgrnd ¢ \edit\ | w2d3_084-3.rd3
length | 99000 I:O_I  \work\ | w2d3_084-4.rd3
sample start| 3 L ¢ \whiten\ | w2d3_084-5.rd3 process 4: L‘
sample end | 406 backgrnd | w2d3_084-6.rd3
@ line-by-line ¢ channel- [:Ozl starting radargram# | 1 C [w2d3_084-7.rd3
(" grid-by-grid  by-channel ending radargram# | 576 | w2d3_084-8.rd3 process 5: \ v/
i i | w2d3_085-1.rd3
\boxcar\ [ processing graphics £
width 1 K boxcar € radar2d-size € |w2d3_085-2.rd3
height 0w @ autosize O fua tesar process 6: | =]
€ | w2d3_085-4.rd3
\whiten\ whiten-gain whiten 50% | w2d3_085-5.rd3
hi-cut[ 461 [ 06 J:(Il gg‘g € |w2d3_085-6.rd3 process 7: [ ~|
lo-cut [ 183 MHz 80% € |w2d3_085-7.rd3
\bandpass\ spectra |bandpass 90% C |[w2d3_085-8.rd3 }
- 100%  [w2d3_086-1.rd3 process 8: | -]
110% next> | <prev |
= = 125%
\regain\ regain 150%
C on 200%
Bluebox wobble @ off Special RSP flag to filter a specified series
1 : ) !
\deconi [+ bandpass copetium export v of scan start/end sgt via the xypoints file )
deconv gain T (currently only available for bandpass filtering)
T [~ on reset log
pulse spiking. |decons/w Filter Process: bandpass filter,
i ) last executed on: 09-21-2017 07:57:31
decons-w \deconv\ fk filter info file= infochannelsedit.dat
input folder=\edit\
ED {#of files= 576 52
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During the BlueBox Batch runs the user can prompt the software to show a menu to
place in appropriate setting before batch operations are continued. In particular, the
Bandpass filtering + simultaneous gain the user can click the checkbox in front of
bandpass to set a proper gain curve and lo-cut and hi-cut frequency thresholds during
the batch operations.

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 new project

transfer data
create new info
edit info file

convert data

@B\uech Batch Run — O X

! infochannels.dat [v' processing graphics
grid plot number of channels = 8

gps track

| BlueBox Run: Mala Mira |

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

BlueBox: load/save

user step 2: click Mira to Nav with infomain.dat in

BlueBox: basic Edit Info File menu

BlueBox: basic + RSP

BlueBox: basic + editing user step 3: click Array to Nav with

infochannels.dat in Edit Info File menu
BlueBox: basic + editing + RSP

user step 4: start the BlueBox Run
BlueBox: xy decoupled gridding + RSP

BlueBox: xy decoupled gridding + editing + RSP blue 1° extraction

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

BlueBox: xy decoupled volume + RSP
BlueBox: xy decoupled volume + editing + RSP

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)
[¥ interpolate gap (intx=1 inty=2)
compiled folder=hilbert
blue 6: Open GL

BlueBox multichannel batch processing

<

BlueBox: Mala Mira - customized RSP
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