
Using ambient vibration techniques for site characterization
Thessaloniki, 21.02.-28.02.2010

Relation between array response and FK estimates
⇒ Introduction to fk / hrfk tool 
⇒ Introduction to warangps and gpfksimulator tool

FK computation
⇒ Input parameters
⇒ fk gridding (optimized grid search)
⇒ Post-processing (use of max2curve tool) ‏

Relation between array 
response and array analysis

Tutorial
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Loading geopsy database
~/data/EXERCISES_FK/EX01/*.gpy
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Display signals and array layout
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- Activate signals graphic of group circle2_6stations_16meters
- Launch the fk tool
- Set time parameters (limits, window length) Window length=30T
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FK-toolbox – tab contents – overview (I)
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FK-toolbox – tab contents – overview (II)

status tab will display 
advance of parallel 
computing threads as
progress bars
(after pushing “start”) 
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HRFK-toolbox = FK-toolbox with minimal addition
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- Set processing parameters
- Set name of output file (.max extension)

Fmin=1 Hz
Fmax=20 Hz
Nb samples = 50

Grid_step=
0.035 rad/m

Grid_size=
0.8 rad/m

Vmin=100 m/s
Bandwidth = 0.1
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Browse FK results for all frequency bands and
time windows ( 'Test' button)‏
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The FK time windows browser 
allows to provide information on 
the noise wave field structure.

In this example, the azimuth of 
the most energetic arrivals is 
varying from time to time: noise 
sources are thus spatially 
randomly distributed.

Directionality of noise sources 
can be useful/necessary when 
interpreting dispersion curve 
estimates.
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FK results: output .max and .log files

The output columns are:

start relative starting time [s]
cfreq center frequency [Hz]
slow slowness [s/km]
Baz backazimuth [degree]
math-phi azimuth [degree]
array-out semblance
array-out beampower (Db-scale)

.max
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.log
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Computed from overall
set of fk-estimates
(optional filtering possible)

Filtering is performed 
via logical AND condition
on both semblance and
beampower estimates

Histograms computed
within this velocity range

Number of slowness
(velocity) cells within
[Vmin, Vmax].

FK histograms: max2curve
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Filtering is performed 
on logical AND condition
on both semblance and
beampower estimates

FK histograms: max2curve

semb min

beampow min

semb max

beampow max

0%      || && 100%

57%

38%

Computed from overall
set of fk-estimates
(optional filtering possible)
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Histograms computed
within this velocity range

Number of equidistantly 
distributed slowness
cells within limits [Vmin, Vmax].

FK histograms: max2curve

vmin

vmax smin

smax
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(1)
(2)

(3)

(1) Change the maximum value of the palette
(2) press on linear to adjust the color scale from the first to the last color number
(3) press on OK

How to modify the color palette of histograms?
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How to hide mean curve ?
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How to hide histograms ?
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Actions button for: save / remove / resample / cut / smooth /adjust
Note: applies to selected curve only (there may be more than one!)
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Mean +/- std (by default)Curve identification (number/name)
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How to re-calculate mean/median or mode after editing?
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Usage of the “grid statistics” window

Gaussian distribution computed from the 
observed mean and standard deviation

The grid statistics toolbox can be 
used for ‘cleaning’ the histograms 
from outliers. Also useful for 
separating individual modes.
WARNING: be careful!! 
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Lack of energy

Aliasing
patterns

Interpretation of FK histograms
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Lack of energy
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Add theoretical DC curve
~/data/EXERCISES_FK/EX01/model/synthetics_DC.layer
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Below 4 Hz, phase velocities are 
overestimated: is it related to 
array response ???

Above 4 Hz, mean curve is not 
representative of actual distribution 
which fits better the true dispersion 
curve
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Computing array response with warangps‏
~/data/EXERCISES_FK/EX01/coordinates/circle2_6stations_16meters

Offline use of realtime tool - switch to map tab for ‘manual’ operation
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Set coordinate mode to manual! If not, “Load” button is greyed out’
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Load coordinates from  ….. ex01/coordinates/circle2_6stations_16meters
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Flexible parser opens for reading coordinate file – explore options
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View array response for array geometry
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Explore kmin, kmax, cross-sections through array response topography
and save layer for kmin/kmax curves in freq.-slowness space
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kmin

kmax/2

kmin/2

kmax

kmin ~ 2π/Dmax (1D equispaced linear array)‏
Kmax/2 ~ 2π/2dmin (Nyquist wavenumber) ‏

kmin/2

kmax

?  ?

Where is kmax ?
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What do we mean by kmax ?
Use gpfksimulator for simulating array response

to arbitrary plane wave arrivals (including superposition)

Load one of:

gpfk_ex01.xy
gpfk_ex02.xy
….
gpfk_ex05.xy

or create your
own coordinate
file
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What do we mean by kmax ?
Use gpfksimulator for simulating array response

to arbitrary plane wave arrivals (including superposition)

Play with 
Azimuth & velocity 
for single source

Play with
azimuth, velocity,
amplitudes, phases
for superposition of
more plane waves 
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Add the array 
response layer 
on the fk 
histogram plot

kmin

kmax/2

kmin/2

kmax

Overlay array-limits in max2curve
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kmin

kmax/2

kmin/2

kmax

LACK OF 
RESOLUTION

ALIASING
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FK misinterpretation (mainlobe? sidelobe?) 7.5 Hz
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FK misinterpretation (superposition) - 2 Hz ‏
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Circle3_6stations_41.5meters

Grid_step = 0.015 rad/m
Grid_size = 0.34 rad/m
Vmin = 100 m/s; window length = 30 T

Circle1_7stations_8meters

Grid_step = 0.065 rad/m
Grid_size = 1.6 rad/m
Vmin = 100 m/s; window length = 30 T

Do the same exercise using the two 
other predefined arrays
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41 m aperture 16 m aperture 8 m aperture

Larger (smaller) aperture, better resolution at LF (HF)

In this example, smallest aperture array provides phase velocities deviating 
(overestimation) than true ones. 

Histograms should be cleaned in order to remove outliers or estimates which can be 
clearly attributed to aliasing effects. 

BUT AGAIN: be careful and critical!!! 
By doing so, you are modifying your data on subjective ground

Summary
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FK histograms: outlier removal
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Select the slowness band you want to keep (pick band)
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Press on “reject” to remove the samples
outside selected band from the distribution
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Use of the keyboard’s arrows to facilitate 
the removing of bad samples 

To decrease frequency

To increase frequency

To modify the left limit of the pick band

+ SHIFT: to move the right limit of the pick band

SHIFT + : to apply selection
and go to previous frequency

SHIFT + : to apply selection
and go to next frequency
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Computation of new mean/median/mode curve
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The new mean curve appears as Curve #2
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Cut curve in order to keep estimates only for reliable freq.-band
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Saving the dispersion curve
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Some issues on f-k processing as 
implemented in sesarray

What reasonable values should be chosen 
for fk analysis ? (kmin, kmax, window length T) ‏

How is the fk gridding performed ?
(optimized – non-exhaustive - grid search 
for computational speed up)
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kmin

grid_step < kmin/4

adaptive grid search technique (from coarse to fine grid)
Important: What initial grid_step to choose ?

wavenumber

w
av

en
um

be
r

kmin/4

kmin

Peak refinement until numerical relative 
precision of 10-5 in wavenumber

kmin/4

kmin

grid_step < kmin/20
fk
hrfk
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What grid_size to choose ?
kmax/2 kmax 2*kmax

Discuss consequences of different choices!
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What window_length to choose ?

10 T 30 T 50 T

Window_length T :   20 – 50 T  (and even more!)

Discuss window length selection and find arguments for either choices  
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Recommended parameters

• grid_step < kmin/4  (maximum value) ‏
(< kmin/20 for hrfk!)

• grid_size > kmax/2  ( Æ 2 kmax)

• T = 20 - 50 seconds (and even more !)

And do tests !!!
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Don’t feel confident yet?

* So, we have to practice ☺

Here is another (very nice) data set for you:

~/data/EXERCISES_FK/EX03/*.gpy

However, this time you won’t be given the 
processing parameters ☺☺☺
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• Compute array response for full array

• Process all station together – look at max-file

• Select small and large array (eventually also a middle 
size one) – compute array responses

• Process individual arrays – then combine max files and 
compare to results from (2)
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Which result do you like more? This one …..
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or this one … ?


