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Relation between array
response and array analysis

Tutorial

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)
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Loading geopsy database
~/data/EXERCISES_FK/EXO01/*.gpy

Flle Edit  Wiew Wayveform  Tools  Windows  Help

VBw OME CEHEERROFEE M

|Files & X|
all signals
L‘ir?illje':";aw signaks £ Open a database
Temparary files -
Permanent files Laok in: |5 Excomout TEACHINGISesarray_Bangalore2007\EXERCISES Il v| O © @ 2 (] [F)
i’ My Compuker Marne & | Size Type Drate Modifi
|| cornou ) coordinates File. Ider 221142007
Iy data File.. Ider 221112007
I model File.. Ider 22/11f2007
[m| M21_array_circles.apy 2KE gpy File 200072007
]| Ji[f
|Gru:uups
o
£ il |

>
File name: |M21_array_u:iru:les.gpy | E Qpen ]
Files of tyvpe: |Geu:u|:usy database (*,gpy *,sdb) V| Zancel
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Display signals and array layout

i Geopsy - E:\cornou\TEACHING\Sesarray._Bangalore 2007\EXERCISES\FK\ex01\M21_array_circles.gpy

Edit

File Wigw  \Waveform

P B Tk E

Files

all signals
Temparary signals
Al Files
Temporary files
Permanent Files
MOz, 1_3001_0500_0sq@ Yoo, 1 fac
M0z,1_3001_0500_05@

02,1 _3001 _0500_go Bl -
MOz, 1_3001_0506_0f10)0000.1,Aac
M0z.1_3001_0506_0510 \
rM02.1_3001_05065 0000.3, 54
MOz.1_3001_0506_0Sa |
MO2,1_3001_0506 _0000.2.5ad
MOz, 1_3001_0506 _0000.3,5ad
MOZz,1_3001_0507 NS0 |
M0z, 1_3001_0507 Q500 _0000.2, 55
Moz, 1_3001_050?&9
M0z,1_3001_0SOR®$14 _0000.1.95
MDZ.I_SDDI_DSD%H_DDDD.Z ac
MOz, 1_3001_0S0%™=a514_0000.7,
MO2,1_3001_0 06_0000
<

Groups
=

all

circle+triangle/ 10skations_large

circlel _7stablons_Smeters

circleB_ﬁstations:‘H,5meters

Tools

Windows

Help

51009 7
21005 2

21011 2
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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

5 Geopsy - E:\cornou\TEACHING\SesarrayBangalore 200 7\EXERCISES\FK\ex01\M21_array._circles.gpy
File Edit ‘View \Waveform Tools  Windows Help

vhe DME BEEERHKD@HEREE

Files E [ Graphic - circle2_6stations_16meters
All signals ~
Temporary signals

Al files

Temporary files

Permanent files
M0Z.1_3001_0S00_0507_0000, 1,530
MOz, 1_3001_0500_0507_0000,2,sac

Moz, 1_3001_0500_0507_0000,5.5ac Time Processing |
Moz, 1_3001_0506_0510_0000,1.5ac W

MO2,1_3001_0506_0510_0000,2.sac Tirme lirniks

MUZ.I:SDDI 0506_0510_0000. 3. 5ac

MOz, 1_3001_0506_0520_0000.1.5ac From |TD V| |D.UDDDS

MOz, 1_3001_0506_0520_0000.2.sac

M02.1_3001_0506_0520_0000,3.5ac T [End | [00:06:45.3875

MOz, 1_3001_0507 DSDD:DDDD. 1.5ac

MOz, 1_3001_0507_0500_0000,2.5a0 mlﬁ
M02,1_3001_0507_0500_0000,3,5ac aw signal |

MOz, 1_3001_0507_0514_0000.1.5ac

MOz, 1_3001_0507_0514_0000.2.5ac

&

MOZ.1_3001_0507_0S14_0000.3.sac Length [Freq. dep v| include [30,00T
Groups 5 X

M0z.1 3001 0510 0506_0000.1.sac
< i | ¥
[ overlap by | 5,00 %
(=3
ol [] Bad sample tolerance

- circle+triangle_10stations_large
circlel _7stations_gmeters

- circle2_pstations_16meters [] Bad sample threshold

‘- circle3_6stations_41,5meters

|:| Anti-triggering on raw signal

. v« @

Load parameters

< il |

51 signals, 51 files, fres cache 252,112 Mb o0

|
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FK-toolbox — tab contents — overview (l)

=

FK toolbox E] @E]ﬁ FK toolbox E]@ E]ﬁ

Time | Processing Status 1| Time | Processing Status

Time limits Time limits

From | TO w | | 16h o From | TO w | | 16h
To End | |17h ) To End v | | 17h
General | Raw signal " General =Raw signal '
b ——
Length | Freq. dep v | include | 50.00 T : " STA 1.00s. |0 Apply to i
——T Ml Vertical & .
i LTA 30.00 s.
Owverlap by |5.00 % S L :
L "~
Min sTAATA [0.20 |7 |8 GPOY
Bad sample tolerance 0.00 s. 4 — @ GPO2
J | | Max STAATA |2.50 || | @ GPO3
Bad sample threshold 99 % @ GPo4 0

Anti-triggering on raw signal Anti-triggering on raw signal

Test | at | 0.50 Hz : Hz | | 3 Test at|[}.5[}Hz : Hz | <| | b

Start

L

Load parameters Stop Start Load parameters




R P/ 4 Using ambient vibration techniques for site characterization d —
e Thessaloniki, 21.02.-28.02.2010 Neres E
FK-toolbox — tab contents — overview (ll)
= FK toolbox BEE) FK toolbox =o)X

Time | Processing | Status

Frequency sampling

From | 0.50 Hz

0| to [15.00 Hz

Step | Log

FK gridding

Power spectrum maxima

Maximum number

~ | Number of samples | 100

Grid step | 0.0000 rad/m |~

Grid size | 1.500 rad/m :

£ ¥ [£ »

v min | 150.00 m/s

£ ¥ [£ »

Band width | 0.10

Eal

Absolute th. | 0.000

~| Relative th. |n_nn 9% "

Output file |

Load parameters

Start

Time Processing | Status

Mot running

status tab will display
advance of parallel
computing threads as
progress bars

(after pushing “start”)

Load parameters Stof |

Start
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HRFK-toolbox = FK-toolbox with minimal addition

£ High resolution FK toolbox EEE

Time | Processing | Status

Frequency sampling

From | 0.50 Hz Jlto |15.00Hz

Step |Log v  Number of samples | 100

FK gridding
Grid step [0.0000 rad/m | *| v min | 150.00 m/s *
Grid size | 1.500 rad/m _| Band width | 0.10 *

High resolution matrix

| Damping factor 0.0010

Power spectrum maxima

Maximum number 1
Absolute th. | 0.000 “| Relativeth. |0.00% |°
Output file | |

Load parameters Stop | Start |
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- Set processing parameters
- Set name of output file (.max extension)

[ Graphic - circle2_#éstations_16meters ];| E FKl toolbox

51004 2

o) ""'*"'""‘H" M Processing |
it Z_WM*MWW*W Frequency sampiing

Fram | 1,00 He 3| to [20,00He
Fm I n= 1 HZ 008 Skep Murnber of samples |50

Fmax=20 HZ SIDIIZ—W:“ i sl sl e it e b P aridding
Nb Samp|es =50 510232—%‘:‘%, Merbeahaab et il eptbibeeophd | G step [0,0350 radim & | v min
Grid size Band wicth [0, 10

Power spectrum maxima

LANE &

I I

:

51031 2

Grid_step: s 00;01:00 (00:02:00 00:03:00 00:04:00 00;05:00 00:06:00

Time:

0.035 rad/m aosoliteth Relaive t,

Output file DO7/EXERCISES/FKjex01 fResults\toto.max | .. ]

Maximum number | 1 . |

Look in: |3 Ex\cornoul TEACHING| Sesarray_Bangalore2007|EXERCISESIFKlexnliResul v| (0 0 @ 2 [ [F
G rl d_SIZe_ g‘ My Computer Marme “ | Size Type Dake Modifi
0 8 rad/m "_._.-Jll carabi FK_circlel _7stations_Smeters, ma: 245 KB max File 250112007
. @ FK_circlel _7stations_Smeters_0017.max 245 KB max File 2501172007
_16meters, max 245 KB max File 25/11/2007)

) FK_circle?_bstations_i6meters_(017.max 245 KB max File 2501142007 || [Load parameters Stap

Vmin=1 00 m/S = toko,max 245 KB max Fle 27/11/2007
Bandwidth = 0.1

< T |

>
File name: |FK_circIeZ_ﬁstations_lﬁmeters.rnax | [ Save
Files of type: |FK max file (*.max) vl Cancel
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i Geopsy - E:\cornoudTEACHING\Sesarray_Bangalore 200 7\EXERCISES\FK\ex01\M21_array_circles.gpy

File Edit Wiew Waveform Tools Window

2B&| B Browse FK results for all frequency bands and
R 7 time windows ( 'Test' button)

Graphic - circle2_ I
Al signals A
Temparary sign: S1004 7 A\ h A ittt ! ‘#mfrnw-\hﬂﬂmwhﬂmmﬂm\’w L L e R
Al files

Temporary Files 51008 Z—WWWWWMWWMWWM
Permanent files
51009 Z—fitonrmmivs et AN e den et SN Nt R ittt motenslpiis

MOZ.1 3001 0F
MOz, 1_3001_0°

M02,1_3001_0F S1011 Z—fe ApA e o o —_—
MDZ.1_3001_05 B FK toolbox (=13
MOzZ,1_3001_0F 510728 Z—W%WMM%WM‘MWW il _J
MOZ,1_3001_0% Tine | Processing |
MO0Z,1_3001_0F : | | | | | E r r T Time limits
MOZ,1_3001_0%

AL 00:01:50 00:02:00
MOz, 13001 08 From [0.0000 5 |
MOZ,1_3001_0F - : = |
M0Z.1_3001 08 LA D Time Window browser |._||E||§| Ta |Enc| V| |DD:DG:45|33?5 |

MOz, 1_3001_0%
M0Z.1_3001_0F
MOZ.1_3001_0%

m R.aw signal |

o
[}

["] Bad sample threshold

|:| Anti-trigaering on raw signal

MOz.1_3001_0C 0.2
M0Z,1_3001_05 % 4
<2 b3 -_E_D . 1 Length |Freq. dep % include |30,00T ¥
@ 0.1
Groups F X = .
=N i 0.0 ] overlap by | 5,00 %
o £
o dirclet.L o .
s drclel 7 0.1 [ Bad sample tolerance
eodircleZ 6. = ]
L circled_6 .. 7]

|
0.2

LA I I O
-0, 0.0 .1

Wave number ¥ {rad/m)
< |

Time window 4 T st | at [4,08Hz T | Hz € i >

k | 0,08 radim 3 v 339,00 mfs =

Propagation towards 326.7 counted from Maorth
at k=0.336 radim, v=76 m/s ar s=0.0131 s/m Load parameters Stop

0z

< | ¥
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Graphic -
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circle?_6stations_16meters

il ol T b
O e L oo A=t

510032*L"W‘WMMW+MM J'n, " I
f
51°DQZ—WWHWMHW'- forf e
Lt A A\ e o
BIUZSZ—WMMM el N SR

51031 2 WMWWWWWM

T T T T T T T T | — | — T T
a0:01:50 DD:DE:DD DD:DE:ID DD:DE:ZD DD:DE:SD

Tirne:

R Pe 7 Using ambient vibration techniques for site characterization /j mw
vz @i@anx Thessaloniki, 21.02.-28.02.2010 erie9

RN RERRRARANRARE)
-4z -0 0o 01 02

\Wave number ¥ (radjm) b
< | k]
Time window € | >
k 0,08 radjm 2| v [339,00mjs =

at k=0.251 rad/m,

Propagation towards 169.3 counted Fram Morth
w=102 mJs or 5=0.00978 sfm

51004 2—

51008 72—

| & Time Window br

T
Lol

T L |

""““**WWWW"“W+ b k y
1009 Z—Jprssme—igiciniprioi i *m i Lo -
1 ffeiee ot Ty L e
E1011 2 o :f_lr.-.:-‘IJIL N J|1 1 .

51020 2ottt I

51031 2—

WWWW%MMWM%«WW

DD 0‘1 50 ‘ DD DE a0 C DD DE 10 s DD DE 120 s DD DE 30 ‘

Time

owser |ZI ‘El EI

TTT T[T I TTTT
02 -0 00 01 02

‘Wave number ¥ {radfm) ha
& | %
Time window € >
k [0,08 radfm 4| v 339,00 mis A

at k=0.251 radfm,

Propagation towards 169.3 counted From Marth
w=102 mf's or =0.00973 s/m

510042—%%%, i - s — -
n

51008 Z—remasomeurafprpifnine sl # b # ey foapefost
51002 Z—MMMMWWWW
510112—%-«%’1«&!««*&%# el ff" e S L

51ozsz—wwwqwhwﬂﬂ+mmmw o T R pespenop
E1031 szwwwwwwwhw%wwm

T T T T T E LI S —| E T T T E T T T E T T
00:01:50 o0:0z:00 oo:0z:10 o0:02:20 o0:02:30
Time

o3| & Time Window br

owser |:I ‘EJ EI

go.z—;

0.1

<

Tirne: window €

T I T ITT T
0.2 -0 00 01 02

Wawe nui

AERRRRAREN RAR:
mber ¥ (radfm)
I ]

b
| >

k [0,08 radim 2| v [339,00ms 3

at k=0.251 radim,

Propagation towards 169.3 counted from Marth
w=102 mis or 5=0.00978 sim

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

DDrnDu@LGITfIEEB

é 1= FE;Dircleé;EstatiDnE_lEmeterS.*
FE_circle? Gstations_lemeters. log
FE_circled_bstations_lbtmeters.max

a689 center 10.8521 upper 11.9373
3826 center 11 .5363 upper 12.6899

L0372 center 12 2636 upper 13.4899
o — 331 center 13 0367 upper 14 3404
AN - g : : . 4728 center 138586 upper 152445
/) MINGW32:/e/cornou/TEACHING/Sesarray. Bangalore2007/EXERCISES/FK... [~ [B1[[X] center 135588 upper 192445

9336 center 16.6485 upper 18.3133
9283 center 17.6981 upper 19 4679
F.9325 center 18.8139 upper 20 6953
enter 20 upper 22
# seconds from start | cfreq | =low | baz | math-phi | semblance | be
ampony
01 0.829805 16 467 73.533 0.720848 -57 . 6781
30,0125 1 0.959312 27¥9.914 170.086 0.878759 52 50%59
_rr] t t I 60025 1 2. 72924 259 757 190 .243 0.625953 —60.4831
- 90.0375 1 0.542245 326.81 123.19 0.888618 -58 256l
eou pu columns are. 120.05 1 0.829619 36.809 53.191 0.649696 —-63.9876
150 . 063 1.5958 156 .292 293.7083 0.758928 —e0.191%3 rT]Ea)(
130.075 0.991335 9. 17086 80.8291 0.821155 —62 . 6515 =
. . . 210.088 1.21758 65.1324 24 8676 0.766642 -59.5914
start relative starting time [S] 240.1 1 2. 11548 324 673 125 327 0. 8949539 —59 1921
270,113 1.15502 13.7 76.3 0.65543 —-51.9761

Cfreq center frequency [Hz] 300.125 1 0407093 160 9 289 1 0 94574 —5& 3375

330.138 1.29649% 228.905 221.095 0.8181 -60.3799

360.15 1 2.13867 358.877 91 .1229 0.850065 -58.5761
SIOW Slowness [S/km] 0 1.06304 1.29124 158 759 291 241 0.602574 59 2413
28.2275 1.06304 0.826952 260.886 189.114 0.943489 -51.0378

Baz backazimuth [degree] 6. 455 1 06304 9.99999 328.434 121 566 0.43589 —62. 9523

84 6825 1.06304 0.303693 325.735 121 .265 0.928455 -57.1939

math-phi azimuth [degree] 112.91 1.06304 0.885679 26.2076 63.7924 0.890801 -59.149

141 138 1.06304 1.19067 191 .331 258 669 0.77391 —-65.3658
169,365 1.06304 1.30636 81.5274 8.4726 0.855961 -59.4472
array OUt Semblance 197 .593 1.06304 3.0173 126.63 323.37 0.779682 -59.9411

al’l’ay—OUt beampowel’ (Db-Scale) ?55.82 1.06304 1.92692 283 .782 166.218 0.873034 -55.2451

;quuu@LGIT—lEEB

5 leés FE circle? bstations lfneters. ma=]

[ S S

=
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) MINGW32:/e/cornou/TEACHING/Sesarray_Bangalore2007/EXERCISES/FK... [ |[01][X

cnrnnu@lGIT 1229 escornousTEACHING Seszarray Bangslor=200

$ iess FK c1rclEE Eztations lémeters. log]

MINGW 32: /efcornou/TEACHING/Sesarray_Bangalore 200 7/EXERCISES/FE/ex. ..

RAW LTA (=) = 30

RAW MIN SLTA = 0.2

RA&W MAX SITA = 2.5

MINIMUOM FREQUEHCY 1

MAETHOM FREEQUENHCY 20

INVERSED FREQUEHCY = n

SAMPLES WUMEBER FREQUENCY = 50

SAMPLING TYPE FREQUENCY (0=log. l=linear)= 0
FROM TIME TYFPE
FROM TIME TEXT
TO TIME TYPE =
TO TIME TEXT = 00:06:45 3875

D.DDDD =

[y

MIN K = 0.035
MAE K = 0.8 _I()SJ
MIN ¥ = 100

FREQ BAND WIDTH = 0.1
N HAXTIMA = 1

exll~REesult="-FK_circle? Gtstation= ltmeters. max

##4# End Parameters #i#4

### Proces= Log #Hid

Frequency 1-50 1

Hin Window length 30 seconds

Hax Window length 30 =seconds
13 Time windows

Frequency 2-50 1.06304

Min Window length 28 . 2208 =econds

Hax Window length 28.2208 seconds
14 Time windows

Frequency 350 1.13006

Min Window length 26.5472 =econds

Hax Window length 26.5477 seconds
15 Time windows

Frequency 450 1.20131

Hﬁn Window length 24 9727 =seconds

CQUTEUT FILE = E:“cornou~TEACHING-Sesarravy_ BangaloreZ007~EXERCISES-FL™

|1
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FK histograms: max2curve

cDrnDu@LGIT71229
5 lez=s FE_circle? G=stations_lbometers. log

cornou@LGIT-1229

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

% maxZcurve FE_circle?_bstations_lomneters. nax
ﬁuading... . 25549

Sample selection

Rt Filtering is performed
o — via logical AND condition
st o s o on both semblance and
i+ 0,85 (e beampower estimates

Histogram properties

Histograms computed
within this velocity range

rlinimum welocity {my's) |

Maximumm velocity (m)'s) |

100 |

2000 |

Mumber of velocity classes
Welocity is For convenience only, internal N u m be r Of S I Own eSS

statistics are computed in slowness,
(velocity) cells within
(04 l ’ Cancel ] [me V

max] '
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FK histograms: max2curve

cornoa@LEGIT-1229
% le== FK_circle? _b=tation=s lemneter=. log

cornou@LGIT-1229

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

% maxZcurve FE_circle?_bstations_lomneters. nax
ﬁuading... . 25549

Sample selection

(eop onlypdons wilighestpover Filtering is performed
o — on logical AND condition
st o s o on both semblance and
i+ 0,85 (e beampower estimates

Histogram properties

rlinimum welocity {my's) |

semb min 38(y semb max
0

100 |
Maximumm velocity (m)'s) | 2DDD|
Mumber of velocity classes é I
Welocity is For convenience only, internal O
statistics are computed in slowness, E
(04 l ’ Cancel ] I

beampow min 57% beampow max

—_—

00%




S R Using ambient vibration techniques for site characterization

'z, @ﬁ@ — W Thessaloniki, 21.02.-28.02.2010

1 MINGW32:/e/cornou/ TEACHING/Sesarray_Bangalore2007/EXERCISES/FK... - |01

cornou@LGIT-1229 /= cornou TEACHING. Ss Sangalors e @B FK histograms: max2curve
.$. léss FE_circle? f=tation=_lometers. log
cornowdLGIT-1229 /e cornou/ TEACKING Sessrray_Bangalore2007/EXERCS Vmax T Smin
% maxZcurve FE_circle?_bstations_lomneters. nax xXT
Loading. . . . 25549 -
a EE T
M FK options I

Sample selection T

keep only windows with highest power X

Sernblance EE

Beam power T

III‘?I.:. MEans E!II windu:uwsf 35% means all V . — . S

windows which power is greater than min max

im0, 85%{mazx-min}.

Histogram properties

Histograms computed
within this velocity range

rlinimum welocity {my's) |

Maximumm velocity (m)'s) |

100 |

2000 |

Mumber of velocity classes
Velocey i o convenience only,internal Number of equidistantly

statistics are computed in slowness,
distributed slowness
cells within limits [V

] 4 H Cancel ]

Vv

min, max]-
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M max2curve - FK - E:\cornou\TEACHING\Sesarray_Bangalore

o,ug
[Lu:uad] [Clear] [Legend] [.ﬁ.verage]
Curve data
Curve 1 of 1
0,003
Frequency Period  Valid | Awerage  Stddev | Weight
1 1 1 0,0013... 0,0006... 1z
z 1,06304  0,94... [7] 0,0019... 0,0024.. 13 7
20,006
3 1,13006 0,88... 0,0012... 0,0005... 14 ﬁ
| | | i
4 1,20131  0,83... 0,0011.. 0,0004.. 15 %
- - - T
5 1,27705 0,78.. 0,0010... 0,0002... 10 0. 004
& 1,35756  0,73.. 0,0010... 0,0003... g
7 1,44314 0,69... 0,0008... 0,0002... &
8 1,53413  0,65... 0,000%.. 0,0003... & 0002
g 1,63085  0,61... 0,0006.. 0,0001... 5 :
] | | L L I :
Mame | Curve #1 | [¥] visible 9 T zI
Frequency (Hz)
[ Filter ][ Smooth ][ Save ]
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~ How to modify the color palette of histograms®? B
1 B Graph properties [? [X] 22007\EXERCISES\FK\ex01 \Results\FK _circle2_6station... |- ||0[[X]

General | Lavers | Falette | Grid | Lines |

Color number: |2EI % | Load |
3859649123 |

Colars

4745.6140355

Interpole

T TETL

: 2017543560

4631.5753947
Default:

_ s0i7.s0s0
3 2403.503772
: 5789.473084
Yalug 2
6175,4335%5 .
-
: o5l 03509
- Log
0947, 368421 | J
[] maodified

Mumber Format
(%) Fixed Precision

(3 scientific j

3)
I [ Ok ]’ Cancel ]

Change the maximum value of the palette
press on linear to adjust the color scale from the first to the last color number
press on OK
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How to hide mean curve ?

[Ln:nau:l] [Clear] [Legend] [.ﬁ.verage]

Curve data
Curve 1 of 1
Frequency Period  Valid = Average | Stddew | ‘Weight
1 1 1 0,0013... 0,0006... 12
Z 1,06304 DJ94.... 0,0019... 0,0024.... 13| =
3 1,13006 EIJEEB.... 0,0012... IIIJIIIIIIEIS.... 14.
4 1,20131  0,83.. 0,0011... 0,0004... 15
5 1,27705 EIJ?B.... 0,0010... III,IZIIIIEIE.... 10
& 1,35756 DJ?3.... 0,0010... III,IZIIIIEIS.... g
7 1,44314 DJE.-_:J.... 0,0008... ujnunz.... E-.
g 1,53413 0,55.. 0,0008... 0,0003... &
g 1,63085 DJ51.... 0,0006... III,IZIIIIEII.... 5
! w

e [Curve #1 @
save ]

[ Filker ] [ Srmiooth

—_—
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How to hide histograms ?

| =.Graph properties 2% +2007\EXERCISES\FK\ex01\Results\FK_cirele2_6station... |- | 01X
General | Layers | Palette | Grid | Lines | s
Layer type DOpacity : g o
1 IrregularGridzDPlot 2 5 TTL
2 DynX¥Colorlines |1 0.008— v ) S T
. J TE— T |

IR P B 2

= - Frequency (Hz)

oK ]I Cancel ]

Close
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(RN
[Load] [Clear] [Legend] [Fwerage] i
Curve data i =
Curve 1 of 1 E =S
0.008—
Frequency | Period  walid Awverage Stddev ‘Weight _
1 1 1 0,0013... 0,0006.. 1z T
z 1,06304 0,94, 0,0019.. | 0,0024.. 13 .
20,006
3 1,13006  0,88... 0,0012... 0,0005... 14 - 1
% -
4 1,20131 | 0,83... 0,0011... | 0,0004. .. 15 g i
I _
5 1,27705 0,78... 0,0010... | 0,0002... 10 0,004 —]
& 1,35756  0,73.. 0,0010... | 0,0003. . g i
7 144514 0,69.. 0,0003... | 0,0002.. ] :
& 1,53413 | 0,85... 0,0005... | 0,0003. .. & Lty
9 1,63085 0,61.. 0,0006... 0,0001 ... 5 T
I I 1 I T LI LI I
Name |Curve #1 visle ! P 2

Frequency (Hz)
Sawve

Filker H Smoakh ][ Save ] Log

Remave

Resample
Zuk

Adjust

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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[Lu:uad] [Clear] [Legend] [.ﬁ.verage]

Curve data
Curve 1 of 1
Frequency Period | Yalid | Awerage  Stddev | Weight =
1 1 1 0,0013... 0,0006... 17
2 1,06304 |:|194.... 0,0019... |:|J|:u:|24...- 5| 5
3 1,13006 0,85, [7] 0,0012.. 0,0005... 14
4 1,20131 0,83.... 0,0011 .. nJunnq...- 15
5 1,27705 nj?a.... 0,0010... nJunnz...- 10
& 1,35756 nj?s.... 0,0010... EIJIIIEIIIIS...- 9
7 1,44314 0,69, [7] 0,0008.. 0,0002... &
5 1,53413 0,55.... 0,0008... nJunna...- &
g 1,63085 0151.... 0,0006... nJunm...- 5
| -

10 zl

Name | Curve #1 | [7] visitle
[ Filker ] Smonkh J [ Save J

Curve identification (number/name) Mean +/- std (by default)
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How to re-calculate mean/medlan or mode after edltlng’P
B Grid Statistics [:“E]rﬁq - A .

ge+02—
= ]
w
55e+|:|2—
- .
o 5
E4e+ﬂ2—
= 5
3 ]
72—
MaLnn ]
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0,00z 0,004 0,006 0,005 0.0
Slowness (s/m)
U]
c0.8
= 3
= -
50.6—
i =
=
20,43
£0.23
QiR I A I I I I I I I 1 I I I I I I I I
0,00z 0,004 0,006 0,008 0.0
Slowness (sfm)
fverane 0,00353 sfm - Stddew 0.00131 s/m
Median 0.00336 sfm - Meddey 0.00133 s/m ]
Maode 0.00333 sfm - Moddew 0.00133 s/m 2
P Frequency (Hz)
<. | > | 94,3375
Reject al ] [ Undo all l [ Rejeck ] [ Lndo l[ Curve *] l Filter ] [ Smooth ] [ Save l

Mean
Median
Maode
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Zo0

/
oerle‘-"’

Usage of the “grid statistics” window

Gaussian distribution computed from the
observed mean and standard deviation

u‘iala ) -'_\- !1E{@
s T I [RPTT
T ]
Eaemz—;
£4E+E|2—:
ig s 0.008
Seetnz
: f A
nnnnn T 1 ) 1 ) 1 1 1 | 1 T 1 T 1 T 1 ) 1 1
D.E!EIZ D.E!D‘I- D.EIDE! D.E!EIB 0.0
Slofness (sim) ED.DDG
10— el
] . 7
ED.B—_ cC
£ :
[ _: ™ = o
g a 0.004 —=
5043
Bn23
0=} 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 D.DDZ
D.ADZ D.AEI‘? EI.AI:IIS D.AEIB 0.0
Slow _ess (s/m) ﬂ
Average WO0358 sfm - prddey 0.00131 s/m : ] =
Median 0.80336 sim - Meddey 0.00133 sfm
Maode 0.00§38 sim - Mpddey 0.00133 s/m
” s vl Fioauenc {1z
Reject all ] [ Undo all ] Reje g Undo = [ Filter ] [ Smonth ] [ Save ]
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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Interpretation of FK histograms

M max2curve - FK - E:\cornou\TEACHING\Sesarray_Bangalore2007\EXERCISES\FK\ex01\Results\FK_cir... [ [0|[X]

SCA "Il

L e |

Sigy
1]

Frequency (Hz)

[ Filker ][ Srnooth ][ Save ]
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M maxZcurve - FK - E:\cornou\ TEACHING\Sesarray_Bangalore 2007\EXERCISES\FK\ex01\Results\FK _cir.... |- | B[]

Lack of engy
i
\

LRl ljit

l, s

- IP':‘;

Yelocity (m)'s)

400

Frequency (Hz)

Filter J[ Smookh H Save J
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Add theoretical DC curve
~/data/EXERCISES_FK/EX01/model/synthetics_DC.layer

Mame o
| syrthetics D laver

| synthetics_DC_fundarnental+higher layer

| synthetics_ellipticity. |ayer

| synthetics_Yp.layer

| synthetics_Vs.layer

>
File name: |5';.fnthetic5_DC.Ia~;.-'er | | Qipen
Files of kype: |Gra|:|h lavers (* laver) vl | Cancel

Frequency (Hz)

[ Filker ][ Smooth ][ Save ]
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- FK - E:\cornou\TEACHING\Sesarray_Bangalore2007\EXERCISES\FK\ex0.... |- 31X

Frequency (Hz) Frequency (Hz)

[ Filter ][ Smooth ][ Save J m [ Filker ” Smooth ” Save ]
Above 4 Hz, mean curve is not Below 4 Hz, phase velocities are
representative of actual distribution overestimated: is it related to
which fits better the true dispersion array response ??7?

curve
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Computing array response with warangps]
~/data/EXERCISES FK/EXO01/coordinates/circle2_6stations 16meters

GPS data Distances Map | Rings

Name X Y Send File Edit Insert Format
Load o 1
o5= 1.0 Mo text
Save 9p=
: 85
Rel. pos. 80-=
. 7573 0.8
Auto E 70-=
T B85=
© Manual g 60= 3
> i GPS stations o [x <
s —0.6 =
o 5 == 1 B w
E a4 48 | No station list provided, gps disabled - a2
g 4 - o
L] = —
37
! & 34 —0.4 5
- > S
Luu— 21 =]
2 2 =
- 15 = ]
90— 1 M 2 —0.2
-1 L B
80— 7 LR R ) LRI e hs) s R AL B L
- ) 5101520253035404550556065707580859095.(C
. O Wave number X (rad/m) .;0 o]
E 70-
= E 1 [VRVILY,
60— ]
5 E 0.8— 0.008—
E £
5 = 0.6— 50.006—
- |
| I 1 ] I | 1 I 1 1 | 1 ] I 1 | I 1 ]
) 20 40 60 k min | 0.6234 2| kmax | 1.3307 ~| Azimuth | 0.00 ° 1]

X (m)

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’

GPS data Distances Map | Rings

Name X Y Send File Edit Insert Format

Load =
95—=
| Save 90—=
: 85—=
Rel. pos.. | 80=
75=
70-=
65—=
60—=
55=
50—=
45-=
40=
35=
30
Luu— 25=
] : 20=

= 155 -
90— 103 —0.2

o 52

E nj_||||| LTy R TR TN AT TR R T T N T TR TR T R TR TR R TR

- 1 5101520253035404550556065707580859094.( .
o Wave number X (rad/m) ED.D

No text

| Auto

© Manual AR

Wave number ¥ (rad/m)

¥ (m)

1
5
<

1

| function

(=]

[e=]
|||||||||||

o

o

S

[#=]

|||

|
2
=4}

_l 1 I ] 1 | ] ] I ] | I ] ] 1 | I 1 ]
20 40 60
X (m)

k min | 0.6234 |7 k max | 1.3307 |~ Azimuth |0.00 °
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Using

W—=.mx

Load coordinates from

GPS data Distances | Mapi Rings

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

Name X

C

J_;mgl Fle Edit Insert Format

¥ (m)

_l 1 I ] 1 | ] ] I ] | I ] ]
20 40
X (m)

| Load | 1uu—=s M
| il 1.0 No text |
ave | 90—5
= : 85
| Rel. po! -
O aute Look in: |mamefmaaﬂHESSALﬁN...Fl(fexﬂlfcnardinates v| € =5 4 F, |E]| B8
O Manu = i i i
@ Computer | ‘| circlettriangle_l0stations_large
mao |_‘| circlel_7stations_8meters
=i circle? 6Gstations_16meters
|| circle2_16m
|_ | circle3_6stations_41.5meters
|_ | response_circle+triangle_l0stations_large.layer
|_ | response_circlel_7stations_8meters.layer
|_ | response_circle2_6stations_lémeters.layer
|_ | response_circle3_6stations_41meters.layer
I | I I
60
File pame: |circlez_ﬁﬁtatiuns_lﬁmeter's || [} Open

Files of type: |{:{mrdinate file(*) v| | &3 Cancel |
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Flexible parser opens for reading coordinate file — explore options

GPS data Distances Map | Rings

Name X Y | Send File Edit Insert Format
Load T
Parser | Save Load
Save
| Rel. pos. | Lines Columns Sections
| Auto
1 2 3 4
© Manual =
Type Station name X (m) ¥ (m) Z (m)
P 1 1 1 1
I N _ =
J.U'U'__ “x l|
90— After
- 3 51004 2040 2024 0
E m—z 4 51008 2024 2040 0
s
5 5 51009 2040 2040 0
60—
E i 51011 2056 2040 0
50—
E on (74 51028 2032 2056 0 —
| 1 I ] 1 | ] ] I ] | I ] ] 1 | I 1 ] |
o Al 60 Kg 51031 2056 2056 0 i<l
X (m) | b

Ok Cancel
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View array response for array geometry

GPS data : Distamesg‘ Map ‘ Rings_|

Name X | Y
151004 2040 |2024
T T kmin: 0.154114
251008 2024 |2040 kmax: 0.3189
1 I ground level: 0.0788842
3| 51009 2040 12[}40 kmax-kmin: 0.164786
4 51011 2056 |204o 0.8 kaverage: 0.236507
551028 2032 |2056 5
6 51031 2056 |2a56 - &
g
3
o,
@
— ol
< i 3
—— a
D1ULE o
- - S
2050—
= 008 51009
Ez0s0— @ ]
- .
2030—
- 51004
= ]
- 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 o o D S I S D
2030 2040 - 2050 2060 ke min | 0.1541 2| kmax | 0.3189 2| Azimuth [ 0.00 *
X{m
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cross-sections through array response topography
/IKax CUrves in freq.-slowness space

Explore K., Kmax:
and save layer for k

min

GPS data Distances ‘ Map ‘ Rings

Name X Y | Send | Hle Edit Insert Format
1 51004 2040 2024 | | ; 3 . gh F
251008 2024 2040 2 =
. | | | = =
3 51009 2040 2040 | =S
4151011 2056 2040 0.
551028 2032 2056
6 51031 2056 2056
u.uiu—
— - -
S1ULY : SiusL 0.008—
- - -
- 0.006—
2050— 5|
0.004—
T “1p08 51009 51011
L2040— = L] L] 0.002—
= w )
“n““__|| [ T N RN [ A e O N AT e A A A R N
2030__ .1 0.2 040@.81 2 4 6 810 20 40
- Wave number (rad/m) Frequency (Hz)
51004
- < i ]
1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 -
263D 2040 - 2050 2040 k min | 0.1541 2| kmax | 0.3189 2| Azimuth [ 0.00 * Kl
X{m
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Whereis k... 7?7

max
File [Edit [nsert Format
1D
kK——12 -
$o08

2 RE
£ T 06y
7 £
= 804=
e =
2 = -
§ - 3
§.04- e
= ] i

DJ&‘ Wave number (radfm) |

L kmaxlz ‘lk
N AR = . max
.08 .04 0 04 08 6 B min = \
Wave number X (rad/m) E - It Properties
*0.006= L
n - w5 | [ Zoom Ctri+alt+2
L) - it h—
W R
= =
o 0.002= Unzoom  Ctri+-
0.0 0.2 04 0.6 08 1.0 = -
Array transfer function A oAnno, g R I A LA L Save |E‘4}’EFE:
06080 2.0 40 608000

Frequency {Hz) Add layers

kminf2: 0123888
o 0 DAL k.. ~2n/D_, (1D equispaced linear array)

kmax-kmin: 047082 Kiax/2 ~ 27r/2<rjn ” (Nyquist wavenumber)

kaverage: 0363598 min

k min/2 [ 0.1237 |51 k max | 0.6035 |5 Azimuth [ 0.00 ° =
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What do we mean by K., 7

Use gpfksimulator for simulating array response
to arbitrary plane wave arrivals (including superposition)

FK Array Response Simulator ===

Mame  Azimuth Distance X Y | Z Amplitude | Phase | Velocity | Add |

1/ Sourcel O 1000 6.12303e-14 1000 1 ] 300 | T |

Load one of: T
| Load |

gpfk_ex01.xy =
_— | Save |

gpfk_ex02.xy | rewes

10.00 Hz R

Attenuation factor (Q)

gpfk_ex05.xy .l 3.
300.00 m/s ] B

or create your i

own coordinate

file

-0.4
|| High reselution Wave number X (rad/m)
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What do we mean by k

O

erie®

max '

Use gpfksimulator for simulating array response
to arbitrary plane wave arrivals (including superposition)

FK Array Response Simulator =[BT

Play with
Azimuth & velocity
for single source

Play with

azimuth, velocity,
amplitudes, phases
for superposition of
more plane waves

1 Sourcel (O

MName  Azimuth Distance

1000

X Y
6.12303e-14 1000

Z Amplitude Phase WVelocity | Add |

1 0 300 | T

| Clear

| Load |

| Save |

Frequency

‘ 10.00 Hz

Attenuation factor (Q)

‘ 10000.00

Velocity circle

| 300.00 my/s

[ High resolution

I I I I I I I 1 I I I I I
-0.8 -0.4 0.0 0.4 0.8
Wave number X (rad/m)
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B Add layers

Lok in: |hE:'|,cornu:nu'l,TEF\CHING'l,Sesarray_Bangalanv| (=300 I+ = E] |E]

g_’ My Computer

]
| carmou
(]

Mame m

E] response_circle+triangle_10stations_large laver
E| response_circlel_7stations_gmeters,laver
E:_] response_circleZ_Gstations_1emeters,|ayer
E| response_circled_6stations_41meters,|ayer

¢ |

>
File name: |res|:u3nse_circle2_6statinns_16meters.layer ! Open |

Files of type: |Graph lavers (*.layer)

vl Cancel

Thessaloniki, 21.02.-28.02.2010

techniques for site characterization

T T

e | |y |4 | TE

- l. i 1]
Lt [ [l

Frequency (Hz)

[ Filter ] [ Smooth

I
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Sigy
1]

/j EOPSY
aerle/f’

B max2curve - FK - E:\cornou\ TEACHING)\Sesarray_Bangalore 2007\EXERCISES\FK\ex0... [~ [O1]X]

] :".rl

mE

Ly l"'l
1
s | . ] LI rJ
-

”.,|phqaﬁiu aEaL. ntuEsee G

+ _-1"

LACK OF
RESOLUTION

Frequency (Hz)

[ Filker ][ Smooth H Save J
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[ Geopsy - fhome/mwathelefarray_course/200707-algiers/DATA/EXERCISES FK/ex01/M21_array circles.gpy

File Edit Wiew Waveform Tools Windows Help

v B wi- EEEGEHEDEEOER

Fles Graplic = circle2 6stations 16rmeters Timendow . Broweer
All signals & e
Temporary signals S1004 Z_MMWWWW &8 u.o

All files

Temporary files
paraty 51008 Z—MAWWMW il

Permanent files
M02,1_3001 0500 05C 1

M02,1_3001 0500 05C ||S1009 Z—MMMMW‘NWN T ]
M02.1_3001_0500_05C T .
M02.1_3001_0506 051 || .. | _ . } ]
M02.1_3001_0506_051 1 1

M02.1_3001_0506_051 L
M02.1 3001 0506 052 ||S1028 Z
M02,1_3001 0506 05%

M02.1_3001_0506_05 < lls1031 Z_MMWHMWWMW u
l[zl j T T T T T T T T T T T T T T -0.2

|

Wave number Y (rad/m)
(=]
2

tug 204 206- 208 E ]
e e Time [ E
signal 10 15 4 f{] = oD i
Station 51011 at 2 1 C
Component Vertic ]
signal ID 25 I e e ML s oy s s e s L B e ¢
Station S1028 at | 6 -0.4 -0.2 0.0 0.2 0.4
Component Verti E Wawve number ¥ (rad/m)
.51gnal 1D 31 a | Time window [« [«]»]
Station S1031 at
Component Vertijg Loz k[0.24 rad/m Hvll%LDUUDUD mis Jﬂ
2 [III] Propagation towards 303.9 counted from North
\ Messages / at k=0.727 rad/m, v=65 m/s or s=0.0154 s/m

Groups Log

51 signals, 51 files, free cache 1020.62 Mb|
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FK misinterpretation (superposition) - 2 HZ

Fle Edit View Waveforrm Tools Windows Help

v B - EEEREHEODEE E R

Ales &) Graphic = cincle?] 6stations, 16metens ; Bl toolbox
All signals -
Temporary signals
All files

Temporary files _
Permanent files =I0en. 2 Il ;
M02.1_3001 0500 0507_000C

M02.1 3001 0500 0507 000C smogz—mM*MMM

M02.1_3001_0500_0507_000C

M02.1 3001 0506 0510 _0D00C

SV TSR TR 51011 Z—MWWM
M02.1_3001_0506_0510_000C ..
M02.1_3001_0506_0510_000C

MD2.1 300 1_0505_0520_0003; 51028 ZWWW

MO2.1 3001 0506 0520 0000~

Il a0 51031 Z % 1
| il -0.04-

Log

0.04+

r¥ (rad/m)

g

:

Wawve numb
1

| 4
\..LJIIIEUIIElIL v CIeaiu @ 160 1?0
glgnal ID 19 added —— | I— : A B oo %
Station 51011 at. 20?6 2C “_I— |— .0.04 CIE.OCI 0.04 0.08 012
Compnnent Vertica Wave number X (rad/m) E max D
signal ID 25 added _ _ i |
Station S1028 at 2032 2¢ Time window [« («]*]
Component Vertical k [0.02 radjm {2} v [786.00 mys 2
signal ID 31 added [+ :] Start
—|—| [—I— Propagation towards 326.5 counted from North
I‘ a0 at k=0 00497 rad/m, v=2631 m/s or s=0.00038 s/m
I Groups Log (4] EEEEE | 3

an
51 signals, 51 files, free cache 1020.57 Mb [
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Do the same exercise using the two
other predefined arrays

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



R Pe & Using ambient vibration techniques for site characterization /j —

'z, @ﬁ@ T Thessaloniki, 21.02.-28.02.2010 Ner1e6 E
Summary

41 m aperture 16 m aperture 8 m aperture

o
(=)
(=)
a
s/m
o
o
(=]
&

—_
£
=
Rhg £
w w
o
@ @
s =
2 3
wn )

0.

o

o

=]
E

Frequency (Hz) Frequency (Hz) Frequency (Hz)

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
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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 increase frequency

ﬁ SHIFT + : to apply selection
and go to next frequency

To modify the left limit of the pick band

5D

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

SHIFT + : to apply selection
and go to previous frequency

To decrease 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 ? (K., Kmay, Window length T}

How is the fk gridding performed ?
(optimized — non-exhaustive - grid search
for computational speed up)
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adaptive grid search technique (from coarse to fine grid)
Important: What initial grid_step to choose ?

wavenumber

Peak refinement until numerical relative
precision of 10~ in wavenumber

14 fk
120 hrfk

grid_step <Kk
grid_step <Kk

min

wavenumber

min
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What grid_size to choose ?

1.3

oo R ]

Array Transfer function
o)

[oe)

. 0.0 .
Wave number (radim) Wave number (rad/m)

0100

Slowenss (s}

0004

Discuss consequences of different choices!
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What window_|ength to choose ?

50 T

00084 0,008

=
oot 0002
=

4
Frequency (Hz)

Window length T: 20-50T (and even more!)

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

grid_step < ki,
(<K

/4 (maximum value)
/20 for hrfk!)

min

grid_size >k ./2 (=2 2K

max max)

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

And do tests !!!
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"’J‘?"

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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orthisone ... ?
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