Use of GPS-coordinates (georeferencing) within REFLEXW

REFLEXW allows to handle so called traceheader coordinates which are stored within the header of each
trace. Therefore it is possible to use GPS-coordinates for a special analysis.

GPS coordinates may be used within Reflexw for may different applications:

- view the profile line within Google Maps for a check of the
surrounding conditions.

- use the coordinates for the interpretation, e.g. picking the onsets
and exporting those to ASCII or DXF for a further CAD
interpretation

- rescaling the distancies (trace relocation) based on the gps-
coordinates

- 3D-data block generation based on gps coordinates

- seismic refraction interpretation including tomography using gps based data
1. Import/Generate the GPS-coordinates

1.1 Import the GPS-coordinates

If GPS-data are simultaneously acquired it is possible to synchronize the GPR- or seismic data with the
GPS-coordinates. The original GPR data may either be time based or based on a wheel. The different
GPR-systems use different synchronization types. Mala, Utsi, IDS or PulseEkko for example generate a
gps-file which contains both the tracenumber of the GPR-file and the GPS-coordinates.

For most data acquisitions systems it is possible to automatically import the e
. . . uze data folder
gps-data into the Reflexw file during the import and to perform a subsequent | update iraceheaders:

UTM-conversion (optionally). The options 1. original coord. and latitude e - 1(5°[Er§'$%°°'d'

1 1 1 1 1thi ubm-conversion: e
allow to store the latltufles and longitudes on different items within the e I
traceheaders. Here a suitable parameter choice must be found for the = e v-coard
individual ASCII-files because these use different sortings. The two | conectloralie

parameters allow the same storing order within the traceheaders for different original data formats.
In addition the gps coordinates may be imported at a later stage within the edit trace header menu or
edit several fileheader menu.

B8 trace header S| B S| T =
coordinates Cieate(3D[Ensembles E ProjectfileHeadersform (= |2
trace number 1 2 (o G filename dir. [con. |x-start wend y-start ‘y—end ‘tlace—lnc. numb‘tlme—mc ‘slarltlme |shut pos. 1S/H—dlsta|commenl|commenl -

" distance markers v | |
o —  comment markers F_012_1409.007 vo0 716 400003 11 [ 02000000070 007324215 0 [
" constr.change markers 1
shotwpos  |W07T0E2 —— — L2088 TIDAOOTA(X v |0 265972476 148 148 0055679990 0029296810 148 0
shotypos,  [BUB0GEZE9 J w0 2
Update

shot 2-pos -0.01
rec. ¥pos.: 407570.62
ec.ypos:  [505063.69 s
1ec 2-pos: 0.0 b=
CHP #-pos. 40757062 T L
CMP p-pos. B050663.69 ‘(a‘til\:dceuum FieChaice UpdateGroupBox UpdateTraceHeadersBox GPSConectBox MarkerRelocate/Dimensions ; ContiolPanel
Ensemble-nr: [0 O e . ¥ FisTracelnerement ’—_| B

flefi RAMAC-GPS - position enter platoptions
Rl el bl [ fix endcoordinates | eees e N EEtE
Sf;";‘?:;?ﬂ O  AMEL GFS fiepath [procdsta +] ||| UpdatePloiSetiings | © weood 1 I old format
A 7 [~ UpdatetsisNames & ycood [~ commentmarker
time delay: 0 update OpenFiles| LoadTable || [ UpdateDistanceDimen P
TimeCollect: 79713 project v to xz-plane I UpdateTimeDimension update table

22833 [ — SaveTable | |I™ UpdateDataTyps [ (37hconversion ‘fj“ffm 7 data type[comstaffsst [
[ print

——— ContialPanel ChangePioclabel | e, (2R DistanceDimen, [METEF + ot

new poc. label [0 =]

close p |Jrore ™ oifsets fiom header L e =]l co
start interpolate [v calculate distancies [ comect for offset

Sandmeier geophysical research - REFLEXW guide 09/2024 1



A linear interp()lation Wlll be automatically 8 edit trace header coordinates for F\data_schulung\gpr_2d\ROHDATAYMALA_DATA_GPS.DAT - | 5 S

haceni distance: |shnt-x |shnt-y |shnt-z |lec " |rec - |rec 2 |time delay |gain |time collect | -
done Where no GPS'data are present. The 218 13091933416 33961 3,251 91 6330905, 5235 11512333293, 33461 5,251 91 6334305 5235 1051282393930 T 0
option calculate distancies sums the EE] 13 36071531 32 36451 351005 5334505 75710151071 BE6GRI 354613 51008 6334305 7570 .51 016666510 1 [
p u up 20 13628352861 33461 376815 6334905 6341 -0.508 394613.7681¢ 6334905.6841 0,508 0 1 0
distance along the gps_line (utm-conversion z 13 792059897 38481391957 6334305 6215 ) 504470568; 354613 91957 6334305 E21E 0504470588, 0 1 0
.. 22 13,3557 26317 39461 4 0708E 6334905 5595 0. 5009411761 334674, 0706€ 6334305 5535 -0.500841 176, 0 1 0
assumed) and stores it into the Reflexw 23] 14.1190953844 38481 4 22220 B334905 4377 1 457411 7641 350610, 22220 633405 4972 -0.457411 7640 1 0
. 226 [14.233080957 394614, 37355 6334305 4345 433652352} 390614, 3735% 6334305 4345 0.493882352 0 1 0
traceheader. The GPS-coordinates may be 2|
25 14.446727391 3841 4 52485 F334905 3725 . 4903525411 35061 4. 5249 6334305 3725 0.480352941 0 1 0
Controlled and edlted W]thln the ed]t 226 14.510395017 394614.67627 6334306, 3102 -0.486823529. 39461 4.67623 BI34305. 3102 0.486823529. 0 1 0
. 27 1477405203 38481 4 82757 5334905 2475 . 483294117 350610, 82757 6334305 2475 0.4832841171 0 1 0
traceheader tabella. Here many different 28 14, 337723055 39461 4.97531 6334305 1956 -0 473764705 334612,57891 6334305, 185€ 04797647051 0 1 0
Smoothlng and edltlng pOSSlbllltleS are 2] 15101135607 384815.1 3025 5334905 1233 14762352941 350615 13025 633405 1232 0.4762352941 0 1 0 i
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Joad from fi
aVallable. epacrhy £ vaues) e \jevwahuns‘ coneat latofset || L —"—— reload from file
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= save on dsciFile save changes
[ update shot 2pas. = smaoth rec. #y-coord ‘ factorfcheck: [10 %]
¥ update receiver 2 pos. projecton —
o o factor fsmooth, |4 % wiew rec. geometry

To be considered: The traceheader il EXCY] JUICE] [apisiignioise
. . . [~ getdistance along topagraphy || source < rec. S e
coordinates are stored using a 64 bit double — H % e |

precision format (Reflexw formats new 16

bit integer and new 32 bit floating point) -

see also guide GPR_Import_Display or the specification within the manual concerning the Import format
specification (chap. 1.5.4 ). The old formats with only 32 bit floating point precision is only supported by
older Reflexw versions. If the coordinates have very high values with small changes, the data
representation of the 32 bit floating format may not be good enough. In this case the Reflexw new format
with the 64 bit double precision format must be used when importing the original data or a constant offset
should be subtracted from the coordinates before storing them into the traceheaders.

1.2 Generate/transform the GPS-coordinates

The gps-coordinates may be transformed in utm-coordinates and vice versa and into different national
coordinate systems. The transformation may be done for example within the edit traceheader menu or
within the edit traceheader tabella.

The plane projective transformation within the coordinate transformation box within the edit
traceheader tabella allows the transformation of the original coordinates into another coordinate system
using four pairs of transformation coordinates. This transformation allows you for example to use a local
coordinate system and to transform these coordinates into UTM-coordinates (example shows data from a
24 channel GPR antenna array - in total 7 different arrays).

- coordinate transformation

TransformationR adioGroupl
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X[METeR)

f shart

Another application is to convert a data field recorded using parallel equidistant lines into a georeferenced
coordinate system. For that purpose the traceheader coordinates must be updated first based on the
individual fileheaders and then the plane projecive transformation may be applied using the 4 corner
points coordinate pairs.
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2. Viewing possibilities using the gps coordinates

Within the 2D-dataanalysis module there exist different viewing options of the traceheader xy-
coordinates.
First using the option profile line (trace header coord.) the profile [
location based on the traceheader coordinates is shown in an additional
window (any curvature of the line coordinates is displayed). When -
moving the mouse cursor within the data window the actual xy-position
of the mouse cursor is also shown. o
Second with the option TraceHeader axis activated the xy-receiver

traceheadercoordinates are displayed along the distance axis in addition.

I~ 3Dpickecube [ show otherines

T 87782
e 48,987

489969

“E
B

489967

489966

sifa wairs B B B B
X METERI"108-4

Third the option Gps map allows to view the profile lines within a Google Map. Activating the option
show line position allows to continously show the actual mouse postion by a red circle when dragging
over the line. The option show 2. line position displays the xy-position of the secondary file using the
same distance coordinate. The option show other lines allows to show the xy-locations of other profiles.

-

—
latitude—— | UtmToDegree [[]F:\data\3d_fixed_array\PROCDATAVI320001

ines || = max picke: |
2o el o5 | F ot e
Karte  Satellit

11220001 667]

b 8. DigtalGlobe. - 5
Lattude : [%5.887370 Longitude: [8.467447 top. fbott lat.o[48.997372/48.996530  jeftight ong. /8- #67037/8.469724  som level: 19

The traceheader z-coordinates are used for the plotoption correct header elevations. If activated the
traces are shifted based on the receiver and the shot elevation values stored within the traceheader of each
trace and the entered elevation level. The shift levels are calculated from the difference of the entered
elevation level and the individual traceheader elevation values. Based on the actual velocity the traveltime
shift value is calculated from the sum of the shot and the receiver elevation differences. The option is only
enabled if the option elevation is activated.

The plotoption TraceHeaderDistancies allows to plot the profile based on the individual distancies

stored in the single traceheaders and not based on the equal trace increment of the fileheader. The option
is available both for the wiggle and point plotmode.
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3. picking:

The traceheader coordinates can be used for exporting

picked data to an ASCII-file. Use for example the
format ASCII free format which allows to export
different picked attributes as well as the xyz-
coordinates.

Another useful export format is DXF for a direct
import into any CAD program.

i show line(s) position BT
1 Iv show line position ! iti ) i
ﬂ% [ show 2line [~ no polygons :: ::2: :Ilﬂ::a?:;hons SHEIE
[v use bitmap idth: :
[ add to dipboard color | "dth: 2 2 [~ use layershow colors Ee e
pick-trv Karte  Satellit
264
315
3.66
417
469
5.20 -
571 b
822 &
873 8
Kartendsten 20m L0 1 Mutzungsbedingungen Fehler bei Google Maps melde;
Latitude : [48.997366 Longitude:  |8.469418 45,997,
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save picks @
FormatGroup
[ export several exist.picks into 1 ASCI|-file ?;[ap$ra'3tor
" Reflex Win nopick: |1 =] vim/nsl [0.12 " Blank
; i - " Camma
[V tace rumber  place [T [ shotwpos
[ profile distance [~ shot y-pos
[ profil tarit .
C ASCI kl file pretie sonstan M Sl s
[v travel times Place E [ rec. s-poz  place E
[ depths [v rec.y-poz  place E
™ ASCl-colums [~ elevations [w rec z-pos  place E
[v amplitudes place E
reset B
" ASCI-2D tomography | [~ velocities 4 @
Pl [ uze pick velocﬂities
. ¢ ASCII-3D tamography [~ original filenames =
" GeoTomCG LantroFane| [ automatic save
[v automatic name
(" ASCll-pick difference || filename:
|F_mnz_1409
" D=F
save cancel/close| [ close after save

If using the option view/gps map it is also possible
to display the picks using a red-green-blue color
scheme for the icons with red corresponding to the
smallest traveltime values and blue to the largest
traveltime values.



4. processing options

There exist several processing options which allow the use of the traceheader-coordinates. For example:

4.1 correct 3D-topography

With the suboption z-tracecoord activated the static correction is based on the shot and the receiver
elevations stored within the traceheader of each trace.

4.2 make equidist. traces

A subsequent processing step named make equidist.traces under processing/ Tracelnterpolation/
Resorting allows to interpolate the non-equidistant data in such a way that the resulting data are
equidistant. The non-equidistant data are resampled in x-direction based on the filter parameter trace incr.
and the distance values stored in the individual trace headers of each trace. In addition the start distance
and the end distance (starting and ending position of the new profile) have to be specified in the given
distance dimension. By default the start distance

and the end distance are d

etermined from the

traceheaders. By the manual input you may
extract a distinct part from the profile.
Precdontion is that the option calculate

distancies which sums

acquisition time [s]
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66

- Trace InterpdaﬁonfRaorﬁrLg_‘

up the distance along
the gps-line (utm-
conversion assumed)
and stores it into the
Reflexw traceheader
has been applied
before..
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5. 3D-datainterpretation

5.1 data acquisition:

andata v || ©
e

clost
free of distoifior}
iat_0001 .t x ¥c: 847780
at_ ye: 48,997
iat_0003 dlat =

i i 2D-fine choice e
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\
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5.2 Import:

parameters: MALA RD3, read traceincr., several
lines, datatype to const.offset

update traceheaders set to RAMAC-GPS: the
corresponding cor-file which contain the gps-
coordinates will be imported automatically into the
traceheaders.

If meter coordinates are wished the utm-conversion
may be activated.

5.3 Processing:

A standard processing has already been perforemd
on the original data. Any additional processing is
optional.

Reflexw dataimport

(= [ B e

Fileheader-coordinates
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format specification
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output format; {new 16 bit integer -
,17
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r
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update traceheaders/gps coordinates
[ usge data folder
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RAMAC-GPS | 1.onginal coord.

" w-coord
; & y-coord
utm-canversion: -
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no 5 " y-coord
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[ calculate distancies
[ comect for offset
ControlPanel

Convert to Reflex ‘

apply processing flow
CheckE xistingFiles
check data for NAN
FrimaryFile
SecondamFils

e HER
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5.4 3-data generation:

The 3D-data may be generated from the 2D-
lines using the option file/generate 3D-file
from 2D-lines and using the type of
interpolaion “use interpolation scheme for
freely distributed 2D-lines”

The option view/gps map allows to view the
slices within the google map.
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Plot View Analyse

o m /8| ..

Help Exit

Platscale

nest | prew

I show name

act.Palette
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—
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interpol weight [square weight =

I add wy-scans by choosing the mar. abs. value

30 coordingtes  timerangs/sorting

time end: 50

limeincrement seale: |1 %
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. 2Ddiles choiee

figpath — |rawdsta  ~
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6. Use of gps-ccordinates for seismic refraction interpretation

The seismic refraction interpretation is based on pure x-coordinates for both the shots and the receivers.
Nevertheless it is possible to interprete refraction data which have been acquired along a nearly straight
line using gps-coordinates.

Import the data like the standard seismic refraction data using relative coordinates for the shots and the
receivers. These coordinates only serve for a simplification of the picking and using the interactive
velocity tools like the intercept time method.

Update the traceheaders using the gps coordinates instead of updating them from the relative fileheader
coordinates.

Perform an UTM-conversion

File Global Plot View Processing Analysis Help  Exit
21| raw | proc | aw | gy | | | ], |1 ”_ = & | |_,,| | ) -| | 4_,._‘GPS B 12073 |w 71113
251 zi & |0055y >3 0\|—|—|| Ao  *|M =) | G e et o d v 254857
nest| prev.[ 1/2.] 2 [plotscale|38 =]l |BlusGirayFied | ZE keep @ [0 2] file @1 & sot O remove O charios
1. F:\data_projektetrefraction_gps_keler\PROCDATAMGS 00T / traces: 70/ zamples: 3201

DISTANCE [METER] ps

0 10 20 30 40 50 &0 70 80

fileheader

Fadata_projektesrefraction_gps_kellenPROCDS —fileheader inputl

coordinates data type zingle shot -
DistanceDimen. |METER  « C /R-distance: ’07

Shot[CMP]-position: 705

100

shat lateral offzet: a

rec. start ’07 nominal frequency: 0 get ‘
recend |96.23 comment; J

lat.offset |0 edit trace header coordinates for F\data_projekte\refraction_gps_keller\PROCDATA\GS 00T @

[ECE-T, distance shotx |shut-y ‘shut-z ‘IED H ‘rec - ‘rec 2

TIME [ms]
(%)
2
2

1 183495 063 | £423463 711 68 929 183427105 BAZ344B 351 68 358 i 1 [

2 1 28507700725 183436 (63 | B423963 711 68,929 183428.276 | BA23445 673 | 68343 i 1 i

3 25191745254 183495.063 | 6423463 711 66,929 193429.488 | B423445.971 63,334 i 1 0

I FixTracelncrement

4 37560085135 183495.069 | 6423463711 60,929 183430.705 | B423447.227 60,323 i 1 0

300 e i ,T 5 49560579690 193495.069 | 6423463711 66,929 183431802 | 5423447513 60,345 i 1 0

e | B 5.237073729: 183495.069 | 6423463711 60,929 183433106 | 5423447848 60,359 i 1 ]

line increment: |07 7 74728475756 183435.063 | 6423463 711 66,929 183434.302 | B423448.159 68,362 i 1 0

rurber [0 F] 57299939477 183435 (63 | B423463 711 66,929 183435518 |BA23448.478 | 68378 i 1 i

F] 99508665864 183435 (63 | B423463 711 68,929 183436697 | B423448 795 B8 405 i 1 0

i B[ [10 11.208131077 183436 (63 | B423463 711 66,929 183437922 | B423445078 63419 i 1 0

o] | 11 12504094311 183495.063 | 6423463 711 66,929 193439163 | B423449.377 62,428 i 1 0
!Sampler 21 trace: B3 act scroll position: ’12—13.755344585183495059 6423463.711 68929 183440.398 | B42M449676 60.436 i 1 0 N

EditGroupBox CheckGroupBox UpdateGroupBaox

I TopogiaphyGroupBox —— R
apply borshole dewauons‘ carrect lat. offset reload from file
| topadraphy (.2 values) = = | check rec.cooidinates
3D-view of borsholes smaoth rec. z-coar
factor f.oheck: (10 % save changes

I v update shot z-pos,

smooth rec. #y-coord, |
W update receiver zpos. PIRIECEONN | i VIBW T6C. QBOMEtTY | update distancies‘ load from AsciFile
¥ use xtraceheadercoord. FUEm [~ smooth shat coord,

I~ apply #-= tapography ettty m [ use GPS Map I use zcoordinates save on AsciFile

™ get distance along topography | soyrce <> rec.

interpolate

[~ interpolate all coordinate llansfarmaliol{ close

TeC. - 30UICE

To be considered: The shots will always be displayed using the order of the geophone line. Therefore it
might happen that the data will be displayed reversed in comparison to the pathway of the main
coordinate direction. In this case a flipping of the profile in x-direction using the option FlipXProfile
might be useful. The picks within the traveltime analysis module will always be displayed into the main
coordinate direction.
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Pick the first arrivals as usually and save them
as pck-files.

Enter the traveltime analysis module and
load all pick files. The program determines the
main direction (either the x- or y- direction)
and uses this coordinate as the display axis.
The start coordinate is taken from the
minimum coordinate and the position of the
individual picks is calculated from the real
distance within the xy-plane.

The option view/showxyprojection may be
used for a a check of the pathway.

The seismic refraction interpretation is based
on pure x-coordinates for both the shots and
the receivers. Therefore the traveltimes must
be projected onto the x-axis before using any
interpretation tool (either wavefront or
tomographic inversion or raytracing). This is
done using the option edit/project on
x-coord. After having performed this
projection the y-coordiantes have been set to 0
and all coordinates have been projected onto
the x-axis. The start distance in x-direction
may be entered manually. With the option
create dst file an ASCII dst file will be

File Edit Global

D] B 2d[EE nan
oy -

d 146126,
& 000279
i

v

- H

time (ms]10E-3

s Juo fs Juo fn 1 m ’zy’z}/’z

show pick xy-projection - =]

Mg&,’fh
el ri

e 67225089
e 14613108

s,
ot kY

!

s

672280 672050 672280 G720 672280 672390

XMETER]

-

File Edit Global View Plot Analyse Help Exit

n sssign layerm. 2| changel remove whole shot
i corbine

i [ shift shot elev|0
v ot
e

time [ms]*10E-3

created which contains the original xy GPS coordinates together with the calculated distances along the
line. This file can be used after the refraction inversion in order to reconstruct the original GPS
coordinates for the inversion result (done within the traceheader menu using the type ASCII file/interpol.
with activated option distances instead of tracenos). This result must represent a 2D-Reflexw file, e.g. a

tomographic inversion file or when using the option fill within the modelling menu.

Now the traveltime data are ready for the interpretation and all tools may be applied.
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6.1 final result

The tomopgraphic result or the filled inverted model may be loaded into the 2D-dataanalysis and the
original coordinates may be imported into the traceheaders using the type ASCII-file/interpol with
activated option distancies instead of traceno.

B e ] trace head —
File Global Plot View Processing Analysis Help Exit FEL =)

| rdinat Create(3D
ol | | | k|2 Emeeey ) wg = o\J:U_] @ 8 «|m[>| | 5| pick| | crieemd s GPSJ | PRl ; b 3
race number = 0
nextlprev! 122 1;\5;5:@51 176656 =| |0090 [ kee 0 #{fle ¢[® s C romove © charoe ] | I Sl
1. F5DATA | PRDJEKTE\REFRAEUDN GPS_ KELLEH\HDHDATA\}E F\NAL DAT /tral:es 93/ samples: 61 d ] " comment markers
= stance: - © conslr.change markers
distance (] = shotwpos  |572262655
o 10 20 30 40 [ vp (mis} i il [P
0 T i shiot ypos: 1450936675
< Update
148130
shot z-pos: 2519.60009766
218 i [ distanaies instead of racenos
12, Hpos 572263675
145120 4% rec. ppos 146092109375
654 60 2-pos:
- 751867919922

TER]

= e CMPwpos:  [67228325

145100 i CMPypos:  [146092B90625
10 Ensemble-t.
108 fihd record .
672240 672250 672260 672270 672260 672250 672300 1524 G

scan direction

o
o
time delay: [ update
o
i

E
B X METER]
g D 1741 |
z |
2 1958 TimeCaolect profect y to sz plane
E 1
i 2176 l o oot 2o #y-plane |
20 ol | savenmesei ContiolPane
apply close
2512
2829
3047
3264

Sandmeier geophysical research - REFLEXW guide 09/2024 10



