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PS- Dispersion Image Generation

1. Overview

This module generates dispersion image data [*(*OT).dat] from raw field recomithef SEG2 format
(e.g., *.dat) or P®rmat that has source/receiver (SR) configuration encoded [*(SR).dat]. The image
data setwill also haethe sane PS format adoptefbr all types of seismic data saved by #8program.
The specific type of data (e.g., seismic or dispersion image) will be detected $nfttharebased on
specific codes embedded the data headers. Theniage data set is generd bytwo-dimensional (2D)
wavefield transformatioomethodsappled to the field data thamust have correct information about
sourcereceiver distance for each channel's data (trace). The program will detect this at the beginning
andwill not proceed ifproper information is notletected.

The wavefield transformation method &fark et al. (1998% the fundamental algorithm used. Signifi
cant improvements have been made sirthes algorithm was first published. Thesgprovements
allow this method to producenore accurate images evavith relative low signato-noise ratio (SN) in
the input data. Improvemens by Park(2011)provided an option that can selectively apply the
transformation to relevant offset ranges for different wavelengths so that the-frigdpuencyportion of
the dispersion can bmore clearlyymaged. In addition, many other factofsave beerdiscovered
through extensive study that can contribute positivelyatthetter-quality" dispersion image if properly
controlled. These additional factors have beewluded as controllable parametersthae appropriate
places in the dialog.

The imaging methotbr passve data originally started with the method Bark et al. (2004hat later
turned out to be quite analogous to the spectral attorrelation (SPAC) method by Aki (19%nhly
expressed i different mathematical formulationvith a few extra variable Thisnethodthen evolved
to Park and Miller (2008p handletraffic-generatedpassive surface wavesore effectively This

further evolvel into the method byPark(2008 that utilized the conventional active scheme by
accurately detecting the incoming angle (azimuth) of those passive surface waves of major contribution.
The nost recent method byark (201Dfurther elaborated this approdchby accounting for possible
changein azimuth during the long recording timee(, dynamic detection of azimuth). Although this
dynamic method is the most recentethod that can account famnany complications, it is by no means
absolutely superior ta$ predecessors without any exceptions. In fact, depending on the specific
situation, one of the old methodsight provide moreaccurateresults by addressingpmeparticular
characteristicsbetter than any other methodould. Therefore, all these methods are included in the
dialog as selectable options. The program, however, will chastbe defaultwhat it determines to be
the optimal method by examining fewkey features othe input datg such as type of receivarray
used (e.g., D or 2D), recording time, etc.

The imaging method for data sets from the active/passive combined survey will be an exact combination
of both active and passive schemes. ThdyportionoftheA y LJdzi RI G O6SPEDPT X H &S
treated as active data, while the remaining portion will be treated as passive data.


ParkEtAl1998.pdf
Park2011.pdf
ParkEtAl2004.pdf
Park&Miller2008.pdf
Park2008.pdf
Park2010.pdf
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2. Importing Input Data

To import field files (records) of SEG F2 NXY I X 32 (2 b5AaLISNBAZ2YbH I bal
SE® Data" in main menu. Then, selectth# files at the same time. If input records require a new
source/receiver (SR) configuratisatup then the program will launch the SR setup first. See PS User

Guide "Source/Receiver (SR) Setup" for more information adocding the SR setup.

»

PS - Version 1.0

> Process & S-Velocity (Vs) [l Dispersion (¥ Inversion @i Display [EE) Setup Source/Receiver (SR} % Modeling & Utility g Settings 2 Info  +7 Exit

&, Get Dispersion Curve(s) From Image Data [*(*OT).dat]

5:“" Make Dispersion Image From SEG-2 Data (*.dat) (*.*)
??; Make Dispersion Image From S/R Coded Data [*(SR).dat]

¥ x
A
Lookin: [ Ju Vs1D ~| @ [ 0
Name . Date modified Type
L 1.dat 4/5/2013 7:38 PM DAT File
| | 2.dat 4/5/20137:38PM___ DAT File
| | 3.dat 4/5/20137:38PM___ DAT File
| ddat 4/5/20137:38PM___ DAT File
| S.dat 4/5/20137:38PM___ DAT File
| | budat 4/5/20137:38PM___ DAT File
| |7.dat 4/5/20137:38PM ___ DAT File
[Tedat 4/5/20137:38PM____DAT File
< >
Flename:  [Bdst” “1dat’ 2dat “3dat' “4dat’ ‘Sdat Gdat 7dat" Open |
Fles of type:  |Seismic data (" dat) = Cancel

To import a data setf field records already in F&mat with a proper source/receiver (SR) configura
GA2y SyO2RSRXI 32 (2 bHb5AALISNEAZ2Yb b bal 1S 5AaLISNEA

file.

s

PS - Version 1.0

> Process & S-Velocity (Vs) ] Dispersion (¥ Inversion @ Display Setup Source/Receiver (SR) P Modeling & Utility % Settings 2 Info  *+ Exit

&. Get Dispersion Curve(s) From Image Data [*(*OT).dat]

%% Make Dispersion Image From SEG-2 Data (*.dat) (*.*)
??‘:I Make Dispersion Image From 5/R Coded Data [*(SR).dat]

¥ Open Seismic Data File (*.DAT)

Look in: | Ju Vs2D

-

Name

~l eBmctEr

Date modified

Type

[ | DippingBedrock(SR).DAT

8/4/2014 8:45 PM DAT File

|| DippingBedrock.DAT

<

8/4/2014 8:43 PM DAT File

File name: IDuppungBedmok (SR)

Files of type: ISmsmlc data file (".DAT)




PS- Dispersion Image Generation

3. Main Dialog

After importing input datathe following main dialog will appear. Click "Run Dispersion Image" to
launch the process with default processing parame(essich are automatically chosen by the program
after examination of key characteristics of input datach as spectral contents, phase velocity ranges

detected, receiver spacing, source offset, number of channelg, €tckthe "Options..." button to
have access to all such parameters.

<Dispersion Analysis: Step 1>

Options...

Run Dispersion Image L.!

X Cancel

Control parameters are grouped into four (4) categari€sequency/Velocity", "Active MASW", "Passive
MASW", and "Full List."

<Dispersion Analysis: Step 1> n

Back to Front

Files

C:\ParkS eismicLLC\Projects\S oftware Development (PSJ\Samy
INPUT IDipplngBedrock(SR) DAT
C:\ParkS eismicLLC\Projects\S oftware Development (PS\Samy

QUTPUT |D|pp|ngBedrock(SR)(AchveDT) dat  Change...

* b
Erequency / Velocity Active MASW
&
Full List
X Cancel
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4. Frequency/Velocity
<Dispersion Analysis: Step 1>

Back to Front

Files
C:\ParkSeismicLLC\Projects\S oftware Development (PSS amy
INPUT  |DippingBedrock(SR).DAT
C:\Park icLLC\Projects\ Devel (PSS amy
OUTPUT \D|pp|ngBedrock(SR)(ActweOT) dat  Change..

A x
Frequency / Velocity Active MASW

N
Full List

Ranges iffirequency {) and phase velocity/phg are specified here that anesed during the D (FVphs)
wavefieldtransformation MIN and MAX values of frequendy énd phase velocity/phg will
determinethe size of the dispersion image by setting corresponding values for horiz6naéald vertical
(Vphg axes of the image space. The "Resttmgton will restore values for athe parameters last used.
Clicking'Open" willallowimport of a set of previously saved parametersaticking "Save" wilavea
current set of parameters as a file (*.VA ).

<Dispersion Analysis: Step 1>

G}Bestore‘ & Open | B} Save ‘ Back |

Range |

Frequency (Hz)

MIN |1 s Max ([0 2] interval [1.000

Phase velocity (m/sec)

Min [0 I mMax[iso0 I intenal[i0 3
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5. Active MASW

<Dispersion Analysis: Step 1> n

Back to Front

Files
C:\ParkS eismicLLC\Projects\S oftware Development [PS]\S amy
INPUT  [DippingBedrock(SR).DAT
C:\ParkSeismicLLC\Projects! Development [P5)\ amy
QUTPUT \D\ppmgBedrock(SR)(ActweOT) dat  Change..

P
FErequency / Velocity Active MASW

A
Full List

5.1 Offsets

If the "Process SODoX is checkedyffset-selective (instead of "fulbffset") processingvill be applied

in whichthe processing offset range changes with wavelengths (see Park, 2011). The degree (%) that
can be adjusted by the sliding bar on the right conttb&sextent of the selectiveness; the greattre
percent the more aggressive. Minimum and maximum (MIN and MAX) offset in the lower box will set
the offset mnge manually in either percenf wavelength (%) osource distance (that will be common

for all wavelengtb).

<Dispersion Analysis: Step 1> n

G}‘Bestore| & Open ‘ BX Save ‘ Back |

[Active MASW

Offsets | Contrast | Algorithm |

Process SODI* ™ B0(%) e e b
*selecitve offset dispersion imaging (SODI)

Offset range to process

-

MIN*(%) [0 3] MAX* (%) [0 3
in wavelength * in source distance
*0 = no limit
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5.2 Contrast

This controls the relative "brightness" adispersion image that can make patternsceftainweak
energy more ("Lower" contrast) or less ("Higher" contrast) pronounced. This is sometimes useful to
subdue higher modes patterrsd emphasizpatternsof the fundamental mode.

<Dispersion Analysis: Step 1>

(BBesiore‘ & Open ‘ B Save ‘ Back |

[Active MASW]

Qffsets Contrast | Algorithm |

r J
Low Medium High

MNote: A higher constrast will make fundamental mode more prominent

X Cancel

5.3 Algorithm

The "Normal" algorithm will use only the relative arrival time (i.e. phase) difference between different
channels during the image construction, whereas the "Advanced" option will atteavgatcount for the
absolute arrival times (phases) of surface waves for different fregaencl'he former algorithm will

suppress computational artifacts (e.g., side lobes), whereas the latter will inditeasesolution of
dispersion patterns.

<Dispersion Analysis: Step 1> n

GEesmrel & Open J Bl Save J Back I

Offsets | Contrast Algorithm

Normal* & Advanced® €

*Evaluation of possible source function for surface waves is included with
"Advanced” method, whereas it is ignored with "Normal” method
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6. Full List

<Dispersion Analysis: Step 1> ﬂ

Back to Front

Files

C:\ParkSeismicLLC\Projects\Software Development (PSI\S amy
INPUT ‘Dipp\ngBedrock(SR) DAT

C:AParkSeismicLLC\Projects\Software Development (PSS amj
OUTPUT \D|pp\ngBedrock(SR)(ActweOT).daT Change...

“ e
Frequency | Velocity Active MAS‘&
I

Full List

6.1 Attributes

The "White Balance (%)" will add, if a roero value is choseaninfinitesimal amount of random noise
during the wavefield transformation (FR®)suppress most of computational artifacts (e.g., linear
streaks). However, it will mask useful dispersion patterns of weak enetbgyiéxist) especially at the
lowest frequency end of the imagéf the box is checkedhe "Spectrum bounds" will sehé processing
frequency range only within the detected range of significant energy (e.g., ~90%). The "BB ratio (%)"
controls the width of broad band (BB) used during the wavefield calculation for each wavelength. A
non-zero value will lead to a summatiarf wavefields at ambient frequencie#f. the box is checked, the
"Normalize FFT" applies the normalization of individual frequency component after the Fast Fourier
Transformation (FFT) has been applied to the input seismic diadanorizero value istwosen, he
"Complex taper (%)" applies tapering at both spatial edges (i.e., sidé® iaput seismic recordfter

FFT. This can sometimes lead to the reduction of computational artifacts in the image depending on the
energy distribution in the inputessmic data.

<Dispersion Analysis: Step 1> n

@ Restore & Open | B} Save ‘ Back ‘

[Erequency & velocity] Active MASW | Others |

Range Aftributes |

Spectral | Imaging |

White Balance (%) |0 a' Spectrum bounds r
BB ratio (%) 0 < Normalize EFT ~
Complex taper (%) |0 =
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If the box is checkedhe "Geophone Filterthutesall amplitudes in the image space that exist at
frequencies lower than the value specifiedlire "Geophone (Hz)" box ahe left. If a nonzero value is
chosen, he "Cut streaks (%)" wilpplythe muting for the zone influenced by the spatial aliasing effects.
Agreater value will apply more aggressive mutitigthe box is checkedhe "Filter Higher Velocity" will
apply frequencywave number () filtering to the input seismic datatremove all linear events faster

than the highest phase velocity specified in the "Frequency/Velocity" fathecked, e "Oversample
Offset" will apply the spatial interpolation to the input seismic data to help reduce the harmful influence
of the spdial aliasing effects. This can also make the high pliekeity dispersion patterns smear
depending on the highest phase velocity specified in the tab.

<Dispersion Analysis: Step 1> n

(‘JBesTore‘ & Open | B save ‘ Back ‘

EErequency & velocity] Active MASW‘ Qthers |

Range Attributes |

Spectral Imaging |

Geophone (Hz) 4600 Geophone Filter ~
Cutstreaks (%) |16 3| Filter Higher Yelocity I

Oversample Offset I

X Cancel

6.2 Others

The "Processing range" specifies the input records that are used to generatesitspenages. The
"Stack same migtation OT's" will stack (if checked) all dispersion images of the same surface location
(mid-station)and then save the stacked image as outplitchecked, he "Append output" will add
generated dispersion image datathe end of the existing file of the same type.

<Dispersion Analysis: Step 1> n

G}Beatore‘ & Open ‘ B Save | Back ‘

Erequency & ve\ocwfyl Active MASW| Others

Processing range

All records v Stack same mid-station OT's r
Begin 1 - Append output r
End 20 >

X Cancel
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7. Passive MASW

The "Passive MASW" buttoneeabled only when input data feom eithera passive oan
(active/passive) combined survey.

7.1 Azimuth

The "Search quadrants” indicatthose quadrants of azimuth within which incoming surface waves will
be searched. When ald receiver array (RA) was used during the survey, then the survey line's
orientation is assumed to hie the EW direction and only two consecutive quadrafgither SW- SEor
NW- NE) are selected by the program. Fdd RA, all four (4) quadrants are selected. The "Angle
increment (degrees)"” sets the interval of azimuth in degrees during the searching process. The "Save
azimuth record(s)" willif checkedsaveseparate record(s) of detected azimutimergy distribution for
each input seismic record that will show relative distribution of surface wave energy for different
azimuths and also for different frequenciel$.a norzero value is chosem¢ "Offline dstance* (m):"
valuewill account forthe offline effect of surface waves by considering a cylindrical (instead of planar)
propagation of surface wavgbut onlyinline (plane wavepropagation will be considereifla zero value

is entered See Park and Nér (2008) for more details about the algorithm. For inline propagation,
both directions (forward and reverse) are considered by default as possible incoming directions of
surface waes.
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