Introduction to the 3D-datainterpretation within REFLEXW

In the following the 3D-datainterpretation of REFLEXW is described including the generation of a 3D-
dataset (Chap. I), the processing of 3D-datafiles (chap. II) and the interpretation of 3D-datafiles (chap.
III).

Please use in addition to this guide the handbook instructions within the corresponding chapters and the
online help.

I. generation of a 3D-dataset

A 3D-data file is a single REFLEX formatted file which consists of several equidistant 2D-lines
sequentially stored. All traces belonging to one 2D-line have the same ensemble-number which is
stored within the REFLEXW traceheader. The direction (x or y) within the fileheader determines the
direction of the 2D-lines.

Depending on the original data there are several ways to generate a 3D-file in ReflexW format:

- generate from original 2D- or 3D-data during the import (chap. I.1). In this case there are strong
restrictions concerning the orientation of the original lines and the complete dataprocessing is done for
the 3D-datafile (see chap. II).

- generate from REFLEXW formatted 2D-lines (chap. 1.2). The 2D-lines may be raw data (then the
processing is done for the 3D-datafile) or already processed data. There are no general rules whether
the processing shall be done for the 3D-datafile or for the individual 2D-lines.

In any case, the data points of the resulting 3D-file have fixed increments in X-, y- and time-direction,
respectively, and the max. size of the 3D-file is limited to 1024 points in each direction. The resulting
3D-datafile has the same REFLEXW format like a 2D-datafile (the ensemble number within the
traceheader controls the sequential storing) and it therefore may be processed within the 2D-
dataanalysis module (chap. II) whereby the interpretation must be done within the 3D-
datainterpretation (chap. III).
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I.1 Generating a 3D-file during the import without interpolation

There are two different ways of generating a 3D-file during the import depending on the structure of

the original data:

- the original data are parallel 2D-lines
- the original data are already a 3D-datafile

I.1.1 Generating a 3D-file from original parallel 2D-lines

The precondition is that the original data

are:

- parallel 2D-lines with a fixed 400
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different 2D-lines) and identical g
startcoordinate £ -
- fixed traceincrement .

- fixed timeincrement 0
- same number of points per trace

(identical timerange)
- same number of traces per 2D-line
(identical distancerange)

100 200 300 4m 500

00 700

H-direction [Ch]

200

900 1000

Then a 3D-datafile may be easily constructed during the import by simply storing sequentially the
different 2D-lines within one file. The size of the 3D-cube is determined from the number of 2D-lines,
the number of traces per 2D-line and the number of points in timedirection. Example: 21 different 2D-
lines with 200 traces per 2D-line (profiledirection: y) and 256 points per trace: xpoints: 21, ypoints:

200, zpoints (timepoints): 256.

In the following the individual steps for creating such a 3D-file are described in detail:

1. enter the module 2D-dataanalysis
2. activate the option file/import

3. choose the following options within the import

menu:

mﬂeﬂexw - Data Import

IS[=] E3

i~ Fileheader-coordinate:

METER vl

DistanceDimen.

filename specificatior

const.offset j

data type

ProfileDirection

filename:

specification: Imanual input 'l

Iline_3d

data type: const. offset (version 2) or 3D-const.offset
(from version 3)

ProfileDirection: direction of the original 2D-lines
(enter either x or y)

ProfileConstant: constant coordinate direction of the
original 2D-lines (enter either y or x depending on the
chosen profile direction)

xstart: start coordinate in x-direction

ystart: start coordinate in y-direction

xend, yend, zstart, zend: not necessary to input

outputformat: 16 bit integer (e.g. for GPR-data) or 32
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bit floating point for a higher data resolution (e.g. for seismic data).

To be considered for SEGY or SEG2-data: the option swap bytes controls if the original data originate
from UNIX (activate option) or DOS-machines (deactivate option). If the conversion fails try to change
this parameter.

filename specification: manual input

filename: any name (e.g. line 3d)

TimeDimension: ns (GPR data) or ms (seismic data)

conversion sequence: combine lines/shots

linedistance: enter the distance between the individual parallel 2D-lines

4. activate the option Convert To Reflex: the wanted shots must be chosen and they are automatically
combined into one single datafile containing all the shots.

There are 2 different possibilities of choosing the datafiles:

a.. choose the datafiles from the openfile dialog (multiple choice using the shift or str-key) : all chosen
original data files are sorted with ascending order. Problems may occur if the files don't have the same
length (e.g. filel, file2,..., file11). In this case a warning message appears.

b. open an external ASCII-filelist with the extension "lst": the external filelist contains all wanted
datafiles in an arbitrary order (one row contains one filename). The datafiles must be stored under the
same path like the ASCII-filelist. Example:

TEST 02.sg2

TEST 01.sg2

After having chosen all the wanted datafiles the combined 3D-datafile is displayed using the actual
plot settings (see chap. 1:3).
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I.1.2 Generating a 3D-file from an original 3D-file

In this case it is is assumend that the original profile is a 3D-file consisting of parallel 2D-lines with:

- equidistant trace increment
- equal trace number for each 2D-line
- identical start coordinate for each 2D-line

- equidistant distance between the individual 2D-lines.

In the following the individual steps for creating such a 3D-file are described in detail:

1. enter the module 2D-dataanalysis

2. activate the option file/import

3. choose the following options within the import menu:

data type: const. offset (version 2) or 3D-const.offset
(from version 3)

ProfileDirection: direction of the original 2D-lines
(enter either x or y)

ProfileConstant: constant coordinate direction of the
original 2D-lines (enter either y or x depending on the
chosen profile direction)

xstart: start coordinate in x-direction

ystart: start coordinate in y-direction

xend, yend, zstart, zend: not necessary to input

outputformat: 16 bit integer (e.g. for GPR-data) or 32
bit floating point for a higher data resolution (e.g. for
seismic data).

To be considered for SEGY or SEG2-data: the option
swap bytes controls if the original data originate from
UNIX (activate option) or DOS-machines (deactivate
option). If the conversion fails try to change this
parameter.

filename specification: original name
TimeDimension: ns (GPR data) or ms (seismic data)
conversion sequence: 3D-file equidistant
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filErarme et |1
ProfileConstant Y 'l
_ . ~Time and comment specification————
HStart: TimeDimension [rs vl sanple number:
XEnd: 0 time iferement |0 ID
et - fieheader [1026 | epehesgn|?se |
End: 1] I
ZStart: 1]
FEnd: ID— —EonvergionModu
CONVErsion sequence |3D-file equidistant vl
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linedistance: enter the distance between the individual parallel 2D-lines
tracenr./2D-line: enter the number of traces for each 2D-lines containing within the 3D-file
traceincr.: enter the increment between the traces within each 2D-line

4. activate the option Convert To Reflex: the wanted original 3D-file must be chosen. The data within
the resulting REFLEXW 3D-datafile are stored in the same manner like the original data but the
ensemble number which controls the different 2D-lines is set based on the entered tracenr./2D-line.
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1.2 Generating a 3D-file from REFLEXW formatted 2D-lines (done within the 3D-
datainterpretation)

A 3D-datafile may also be generated from REFLEXW formatted 2D-lines. The 2D-lines may be raw
data (then the processing is done for the 3D-datafile) or already processed data. There are no general
rules whether the processing shall be done for the 3D-datafile or for the individual 2D-lines. If only
few 2D-lines are present it might be better to do the processing for the 2D-lines.

REFLEXW allows to construct a 3D-datafile either from equidistant parallel 2D-lines without
interpolation or from 2D-lines freely orientated within one acquisition plane using a weighted
interpolation. In any case the coordinates (start- and endcoordinate in profiledirection and
profileconstant coordinate) must have been defined within the fileheader of each 2D-line.

I.2.1 Generating a 3D-file from REFLEXW 2D-lines without interpolation

The preconditions for generating a 3D-file within the 3D-datainterpretation without interpolation are
REFLEX formatted 2D-lines with:

- parallel 2D-lines with equidistant profile increment
- equidistant trace increment

- equidistant time increment

- same number of points per trace

- same number of traces per 2D-line

If these preconditions are satisfied you may easily construct a 3D-file without a spatial interpolation:

1. enter the module 3D-datainterpretation

2. activate the option file/Generate 3D-file from 2D-files

~Generate 30-file fram 20-ine

3. choose the following options within the 3D-fiename:  [test3d
Generate 3D-file from 2D-lines menu: bype of interpolation: quuidistant parallel 20-lines without interpolation =l

3D-filename: enter any name for the 3D-datafile

type of interpolation: equidistant parallel 2D-lines

without interpolation <Dfiles choic

filepath Im
EquidistantGroupBox: EquidistantGroupBo || load 2D files | §EHSESHBH§E
choose either sort by filenames or sort by »#p010000.02t [
coordinates (see item 4) .
line-increment: enter the increment between the ine-ncrement, [0 star | Cancsl

different 2D-lines

4. choose the wanted filepath and activate the option load 2D-files in order to choose the wanted 2D-
files from the openfile dialog (multiple choice using the shift or str-key). The sorting of the 2D-files
depends on the chosen option within the EquidistantGroupBox. With sort by filenames activated all
chosen original datafiles are sorted with ascending filename order. To be considered: problems may
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occur if the files have names like filel, file2,..., file10, filel1. In this case the choosen files are resorted
in thefollowing manner: filel, file10, filel1, filel12, .... ,file2, .... which leads to a wrong sorting within
the resulting 3D-file. With sort by coordinates activated all chosen original datafiles are sorted with
ascending profileconstant coordinates. In this case the profileconstant coordinates must have been
defined first within the fileheader.

5. Activating the option start starts the generation of the 3D-datafile. The 3D-file is generated without
any interpolation. With ProfileDirection set to X and ProfileConstant set to Y the number of points in
x-direction is equal the number of traces per 2D-file, the number of points in y-direction is equal the
number of 2D-files and the number of points in z-(time-)direction is equal the number of points per
trace. The file will be stored under the path rohdata under the actual project directory. After having
created the file the 3D-data are automatically loaded into the RAM (see also chap. III). The 3D-datafile
can be processed within the 2D-dataanalysis (see chap. II).

1.2.2 Generating a 3D-file for freely distributed 2D-lines

g

If the original data are not parallel equidistant

lines of constant lengths but they have for 40
example different lenghts, different start
coordinates or different orientations (e.g.
crossing lines - see figure on the right) you
may use the interpolation routines within
REFLEXW for generating a new 3D-datafile.
You may also use the interpolation for parallel o
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equidistant lines (see also chap. 1.2.1) if an 0w
interpolation is wanted (e.g. if only few 2D-

lines exist).

To be considered: The necessary processing (see chap. IT) should always be done onto the original 2D-
datafiles. Therefore the 3D-datafile should be generated based on the completely processed 2D-
datafiles.

1. enter the module 3D-datainterpretation

2. activate the option file/Generate 3D-file | Generate 30-file fiom 20-fine
from 2D-files aDfilename:  line_2d

|

type of interpolatian: Iuse interpolation scheme for freely distibuted 20-ines j
3. choose the following options within the

. 30 coordinate timerangedsotting——— |
Generate 3D-file from 2D-lines menu: e
HStart: ID time end: IED
3D-filename: enter any name for the 3D- Eng 1000 satting: fieheader coordinztes 7|
datafile “r'Start; ID —
\('E I"Ilji ISDD I -Mes choice
. . . . fllepath pmcdata -
type of interpolation: use interpolation KRasterincrement: |3 I I
* ot 11 . _ F=pl0000t .02t
scheme for freely distributed 2D-lines YN O —— . |5 loadd 2D-fles | |<5005000 02t
3D di b Flnterpolation: |5EI ~pl10000.02t -
coordinates group box : .
. ¥ |nterpalation: IEI
XStart, XEnd, YStart and YEnd: specify the . o . Start | Cancel |
interpal. we@ht:llmear wieight j

range coordinates within the dataacquisition
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plane for the computation of the 3D-data cube.

XRasterincrement and YRasterincrement: specify the grid interval of the two coordinate axes spanning
the plane in the given distance dimension. A useful value for both XRasterincrement and
YRasterincrement is the traceincrement used for the individual 2D-profiles.

XlInterpolation and Ylnterpolation: define the interpolation area (a rectangle) in the given distance
dimension. To guarantee a complete filing of the 3D-data cube the interpolation range in x- and y-
direction has to comply with the greatest occuring distance between two data points in the
correspoinding direction whereby a too large range leads to an averaging.

interpol.weight: allows to specify the type of the interpolation weight.

timerange/sorting group box :

time end: specifies the timerange for the 3D-data cube. The time always starts at 0.

sorting: determines the sorting of the profiles entering the computation of the time slices. Four different
sortings are possible: fileheader coordinates or geophone coordinates, midpoint coordinates and CMP
coordinates (defined within the individual traceheaders).

4. choose the wanted filepath and activate the option load 2D-files in order to choose the wanted 2D-
files from the openfile dialog (multiple choice using the shift or str-key).

5. Activating the option start starts the generation of the 3D-datafile. The number of datapoints
depends on the entered range of the 3D-cube and the raster increments. To ensure, that the resulting
3D-file does not exceed the max. size of 1024° points, the parameters XRasterincrement and
YRasterincrement can be enlarged and/or the volume of the data to be considered can be reduced. The
file will be stored under the path rohdata under the actual project directory. After having created the
file the 3D-data are automatically loaded into the RAM (see also chap. III). The 3D-datafile can be
processed within the 2D-dataanalysis (see chap. II).
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1.3 resulting REFLEXW 3D-datafile

The resulting 3D-file has the same REFLEXW format like a 2D-datafile and may be processed within
the 2D-dataanalysis module (chap. II) whereby the interpretation must be done within the 3D-
datainterpretation (chap. III).

The different 2D-lines are stored sequentially. The distance axis within the 2D-dataanalysis represents
the distance sum over all 2D-lines. Because of the normally huge number of traces and the chosen
plotmode (Pointmode, XY ScaledPlot) the screen display resolution may be too small to plot the data
correctly (XScale too small). In this case choose the Zoom-option in order to only display a small part
of the data in x-direction.
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To be considered: If only few 2D-lines have been acquired with a large number of traces the resulting
3D-datafile may have many points in one direction and very few in the other. In this case it might be
better to use the interpolation method for generating a 3D-datafile from REFLEXW formatted 2D-lines
(see chap. 1.2.2) especially if you want to display timeslices. Although it is clear that the resolution will
not be enhanced the timeslices may appear more reasonable by the averaging of the interpolation.
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I1. processing a 3D-data file (done within the 2D-dataanalysis)

A 3D-data file is a single REFLEX formatted file which consists of several equidistant 2D-cuts
sequentially stored. All traces belonging to one 2D-cut have the same ensemble-number which is
stored within the REFLEXW traceheader. The direction (x or y) within the fileheader determines the
direction of the 2D-cuts.

A 3D-data file may be processed like any 2D-file (see for example filtering guide) but there are some
peculiarities to be considered for:

1. If the 3D-datafile is generated by an interpolation (chap. 1..2) the complete processing should be
always applied onto the original 2D-datafiles.

2. If the data contain hyperbolas from small scale objects or from pipes a migration is necessary in
addition if timeslices are used for the interpretation (see also chap. III).

3. The processing step static correction is very important because the same time baseline must be used
for all 2D-cuts. Otherwise the timeslices are not correct.

4. multichannel filters like background removal or tk-filter: |[Crpr—rryTr— B
the option line parts should be activated. In this case the [ et vace rumber: [1 3]
. . . . TUnning average original  filtered reference trace

distance range for applying the filter is automatically € subbacting average -
determined for line parts (individual 2D-cuts) separated by | e =
each other by a new ensemble number. © median sy ier

" compress

i expand

© stack races

 sublract hraces

i compress 3D-file

original spectium SDEIDEISEE:AHZ

range specificatior
 wholeline distancerange
+ line parts = distrange only

L e — filtered spectum LILI
shark time 1]

end time ISU 3
startidisiariee ID 3: Processinglabel IU -:]
end Cistarce |1255UU 3: " SequenceFioc. Start | Clos= |
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III. interpretation of a 3D-data file (done within the 3D-
datainterpretation)

The module 3D data-interpretation allows the interpretation of 3-dimensional data by displaying x-, y-
or z-slices or the full 3D-data volume.

The data are completely loaded into the RAM of the computer whereby a fast visualization of the data
is possible. The max. number of points in each direction (x-cuts, y-cuts and z-(time)cuts) is 1024.Three
different display options are available (option windows, option scroll and option 3D-cube - see below).

I11.1 load a 3D-datafile
1. enter the 3D-datainterpretation

2. load the 3D-datafile using the option File/Open 3D-file

3. After having chosen the wanted 3D-file the [-primary 3D-fle™ e |
Ref3DProcessingFom menu opens which allows you to o

define the internal processing of the 3D-file. Use envelope if ‘:f‘m'“‘e values
you want to display timeslices. Use no if you want to B

interpret x- or y-cuts. FiterLabel [0 | 3]
Filter2Label |—g E
4. activate the option close and the chosen 3D-file is loaded [ |”—%
into the RAM Fitelabel [0 2]

FilterSLabel 1] =

5. The internal processing may be changed at a later stage
using the option processing.

I11.2 display a 3D-datafile using the scroll option

1. after having loaded a 3D-datafile activate the

option scroll [ Reflesw - 3D-datainterpretation
Fis Globsl View Plat Help Esit
e G| | Vs | st | [ptors indows] Seron b eacesen e
. . . EI,I_*&J%WIL %ﬁ%ﬁlﬁ‘ﬁnm Vic:jpa\e!l:_uw%mhp :Qltbgl :sltfl_? v: 38778
2. Activating one of the three different cuts (X- S[HALRR | o T e =0 180 [F 00

3DDATA_.01T: 31 lines from 1 to 2.5 with 0.05 METER

Cuts, Y-Cuts or Slices) allows to scroll through | 2esme

Skark -0.005 |

. . . . . DISTANCE METER]
the 3D-datacube into the given direction using &= [ u o) iz i u i
TimeStart

the scroll bar or the arrows. Tineert [1075505.

St [T
vEnd  [25 3

3. The coordinate parameters within the stcoe [T 2] 005
Options Menu are automatically set. The option SE:TE{M
StepRate allows you to change step rate for %}@ :
scrolling. Every step range 2D-cut will be tr

plotted when scrolling.

The option smoothing allows to enter a value frrr— e 5 2400
for smoothing the data in the scroll direction. A | <|@] ]|

value of 1 means no smoothing. A value of 2
means that 2D-cuts are summed up and the mean values are calculated. The smoothing parameter is
independent from the StepRate parameter.

TIME[NS]
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I11.3 display a 3D-datafile using the windows option
1. after having loaded a 3D-datafile activate the option windows

2. Activating one of the three different cuts (X-Cuts, Y-Cuts or Slices) allows to display several
2D-cuts of the 3D-cube, placed in freely choosable manner within the working window.

3. The coordinate parameters within the

Options Menu are automatically set. The
max. number of cuts to be displayed Sle Sokdl Len Ba Hep B
. 1 1 . 2 h p y E-ZZ SU‘I; || u&l | x.Cutsl ¥-Cuts " Slices IDptmns Windows Serol SD-cub% pmcessingl ;: gggggE
simultaneously 1s 25. The program —|—5 | o el ceonfilcse act Palefis VRSSO Po_,tw—[?q,tﬁu—L
. = | | show name 1 > | |Grapl - |83 = ol rcljoli\:fms : C'D‘ngﬁ,n?;as
automatically calculates the StepRate fOT 550t .oor st esfon o it 2o [ocr | R R
the given cut range (in this example i

TimeStart and TimeEnd) and calculates %
the increment (this example 1.25 ns). .
You may manually change these L
parameters. TimeE nd:

StepFiate

smoathing

4. The option window comb. allows to ]
choose the combination of the windows

to be subdivided in horizontal and t§ @
vertical direction. the possible
combinations are automatically
predefined. If you have 24 different cuts
to be displayed you may choose the
combination 8/3 - this means the screen
is subdivided into 8 horizontal and 3
vertical cuts.

5. The option Options can be deactivated. In this case the OptionsMenu disappears and the full screen
is visible.
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I11.4 display a 3D-datafile using the 3D-cube option
1. after having loaded a 3D-datafile activate the option 3D-cube

2. The 3D-cube will be displayed

. . E Reflexw - 3D-datainterpretation H=] &3
together with the Cube3DOptions Fle Gobal View Pt Heb Est
menu. |‘jL’| pmcl .l ml@l -l ><Cuts| Y-Cuts || Slices Dptlonlelndows| Serol || 30-cubs prucessmgl
7 T ¥ fee ofdlstortlnnp‘otscale ActPalette. WIHTHDGHIGHL: SD_ltD SDrtD
S|zlal s P lowt SIS gl e
. . 3DDATA 00T: 1681 Ilnes fromElto 50 with 0.3125 ns
3. The size of the 3D-cube is e beiDOpion
3 w20
det'erm'med from the number Qf the Il__ljjjy E
points into the different directions x, y |« 2l [

zoalel  scaleY  scaled
and z(time). The point numbers are e
displayed within the options min/max | s 7 =
I
for x, y and z. Here you also may %% 151511
restrict the range. The axis scales of the | i [ sowbode:

actualize [ hadig 4

3D-cube are based on these values and -g‘uglfa"jm 0

" insid
do not correspond to the real r Gisde a1
COOI‘dll’lateS‘ Thls may Slgnlﬁcantly front  back [ single| scroll )
. . ul Jiol ey
differ for example if the 3D-datafile e Imn" S
. . . il seale [ =
has been created without interpolation | eeecutg — =
COrnerpoin no -
traceincrement and lineincrement T syrchorice
( »{n 20 2o 2]

differ significantly). It is possible to

change the axis scales using the —_—
options ScaleX, ScaleY and ScaleZ. A «+|@]+]e]

4. You have the possibility to look at

the cube from different angles, e.g. from the front side, the back side or from the side. The angles can
be changed manually within the options x/, y/ and z/ or using the mouse with pressed left mouse
button within the 3D-cube display.

5. You have different display possibilities. You may select if only the front or back planes of the data
cube are displayed (options front and back) or the full 3D-data volume (option full). In addition you
only may select single cuts (option single) and scroll (option scroll) through the cube in one distinct
direction.
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