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v — Using Ambient Vibration Array Techniques
—— for Site Characterisation

Relation between array
response and array analysis

1. Relation between array response and FK estimates
= Introduction to 7k tool
— Introduction to bui/d_array tool

2. FK computation
= Input parameters
= fk gridding
= Post-processing (use of maxZcurve tool)
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(1) You will be given the processing parameters

(2) we will see the link between the observed phase
velocities estimates and the array response for
different array size

(3) We will then provide quantitative criteria for
choosing the processing parameters which are
related to the array layout

(4) We will show you how to use the post processing
tools for improving phase velocity estimates
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- Activate signals graphic of group circleZ_é6stations _16émeters
- Launch the fk tool Window
- Set time parameters (limits, window length) length=30T

00:01:00 00:02:00

[] Bad sample talerance

[] Bad sample threshold
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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
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5 Geopsy - E:\cornoudTEACHING)Sesarray_Bangalore 2007\EXERCISES\FK\ex01\M21_array_circles.opy
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N e e The FK time windows browser

I e e ————— allows to provide information

1Y ARl miily e R on the noise wave field
i At it e ‘ [ — structure.

00:01:50 00:02:00 00:02:10

tions_16meters

.lem-q.m%%m»’mmwwwwmﬂ—ﬁwwwwﬂm

In this example, the azimuth of
the most energetic arrivals is
varying from time fo time:
noise sources are thus spatially
e O - randomly distributed.
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FK resuITs ou’rpu’r .max and .log files

cornou@LGIT-1229

Q l= FE_rcircle’ _ekstations lemneters . *
FE_circle? Gstations_lemeters. log
FE_circled_bstations_lbtmeters.max

(0] ~ER

11.9373
12.6899
13.45899

ik [aesg 0 Hangalore

o639 10.8521
|paz2a 11.E5363
!JE?E 12 2636

center
center
center

upper
upper
upper

prnou/TEACHING/Sesarra

center 14 3404

331 13.0367 upper
14728 center 13 8586 upper 15,2445
2591 center 14 . 7323 upper 16,2056

cornon@LGIT-1229

% less FE circle? fstations lfneters. ma=]

L4095 center 15 6611 upper 17.2273
9336 center 16.6485 upper 18.3133
9283 center 17.6981 upper 19 4679
9325 center 18.8139 upper 20,6953
enter 20 upper 22

01

The output columns are:

start
cfreq
slow

Baz
math-phi
array-out
array-out

starting time (s)
center frequency (Hz)
slowness (s/m)
backazimuth (radian)
azimuth (radian)
semblance

beampower

0

¥ =econds from start
ampow

math—phi b=

| senblance |

| cfreq | slow | baz |

0.8298305 16 467 73.533 0.720848 -57 6781

30.0125 1 0.959312 279.914 170.086 0.878759 -52.5059
60.025 1 2.72924 259 757 190.243 0.625953 -60.4831

90.0375 1 0.542245 326.81 123.19 0.888618 -58. 256l

120.
150.
1580.
210.
240.
270.
ano.
330.
360.
0 1.
28.2275 1.06304 0.826952 260.886 189.114 0.943489 -51.0378
56.455 1.06304 9.99999 325 434 121 566 0.43589 —-62.9523

84 6825 1.06304 0.303693 328.735 121 .265 0.928455 -57.1999
112,
141.
169.
197.
225.

05 1 0.829619 36.30% 53.191 0.649696 —63 . 9876

063 1 1.5958 156.292 293.708 0.758928 —-60.1918
075 1 0.991335 9.17086 80.8291 0.821155 —62.6515
088 1 1.21758 65.1324 24 8676 0.766642 -59.5914
11 2.11548 324.673 125.327 0.894959 59 1921
113 1 1.15502 13.7 76.3 0.65543 -61.9761

125 1 0.407093 160.9 289.1 0.94574 -56.3375

138 1 1.29649 228.905 221.095 0.8181 —-60.3799

15 1 2.13867 358.877 91.1229 0.850065 -58 5761
0e304 1.29124 158 759 291 241 0.602574 59 2413

91 1.06304 0.885679 26,2076 63.7924 0.890801 -59.149
138 1.06304 1.19067 191.331 258 .669% 0.77391 —65.3658
365 1.06304 1.30636 81.5274 9.4726 0.855961 59 4472
593 1.06304 3.0173 126.63 323.37 0.779682 -59.9411

82 1.060304 1.92692 283.782 166.2158 0.873034 -55. 2451
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) MINGW32:/e/cornou/TEACHING/Sesarray_Bangalore2007/EXERCISES/FK.... [~ [B1][X|
I
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T
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H TIME TYFE 1
M TIME TEXT 0.o00o =
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FK histograms: max2curve

== FE_circle? bstations_léometers. log
cornou@LGIT-1229

% maxZcurwve FE_c 1 rcle 2_ bstat 1 ol :5:; leémnseter :;: .. max | B - | . C 0 m p u T e d f ro m
Loading. . . . 25519 .
semblance estimates

Computed from
— beampower estimates

Histograms computed
ithin this velocity range
_— wi y g

*——— Number of slowness
(velocity) cells within

[Vmin vmax]~

v, inkernal
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Curve data

Curve 1of 1

Frequency Period  Yalid  Awerage  Std dew

1 1

i

00013,

1,06304

=

0,0019... 0,0024...

1,13006 0,001z, 0,0005..

=

1,20131 0,0011... | 0,0004...

Slawnes

=

1,27705

[«

0,0010...

f}
=
e

& !

1,35756 0,0010...

1,44314

=

1,53413

® &

Mame |' Urwe #1

Frequency (Hz)
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Palette | Grid | Lines |

20
[ prre gy | T o

Crgprie il
0, 002 —

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) presson OK 15
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How to hide mean curve ?

Frequency — Period | Wali

1 1 0,0013... 0,0006...

1,06304 | 0,94, 0,0019.. 0,0024...

1,13008  0,85.. 0,0012... | 0,0005...

1,20131 0,83 0,001 0,0004 ...

00,0010,

00,0010,

ARSI E P N LR L

o0.00z

Mame | Curve #1
Frequency (Hz)

16
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How to hide histograms ?

[ e Sr— (2 (X £2007\EXERCISES\FKIex01\Results\FK._circle2_6station.... |~ | 01X |

General | Layers | Palette | Grid | Lines

Layer type DOpacity
‘1 IrreqularGridzDPiot

2 Dynx¥¥Colorlines 1

IR P B

Frequency (Hz)
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Curve data

Curve 1 of 1
Period Valid = A&verage Stddev  ‘Weight |
1 0,0013... 0,0006... 12
1,06304 0,94, 0,0019.. | 0,0024.. 13
1,13006  0,35.. 0,0012... 0,0005... 14

0,0011... 0,0004.. 15

0,0010... | 0,0002. .

0 : ooio.. 0 I ooos...

6
Frequency (Hz)

Actions button for curves: save / remove / resample / cut / adjust
Note: applies to selected curve only (there may be more than one!)

18
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Frequency

1
1,06304

1,13006

1,20131  0,83...
1,27705  0,78...
1,35756  0,73..
1,44314  0,69...
1,53413  0,65...

9 1,63085 0,61..

Marne ||;:| urve #1

Period | alid

0,94...

1]

HEEE|E[E]

Average

00013,

0,0019..
0,0012...
0,0011...
0,0010...

0,0010...

0,0006...

Std dew

0,0024 .

0,0005...

0,0004. .

0,0001 ..

| Yisible

weight

12

13

14

15

~

0, 00

Curve identification (number/name)

Frequency (Hz)

Mean +/- std (by default)
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Using Ambient Vibration Array Techniques
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The grid statistics toolbox can be
. [ used for ‘cleaning’ the histograms
Gaussian distribution computed from the  f.9m outliers. Also useful for
Obser'ved mean Gnd STandard deViGTion Separatlng |nd|V|dua| modes
December 06th-12th 2008, Thessaloniki, Greece 2



Usiretprieatidipof K Rigwgraaigiques
for Site Characterisation

e T R R '“‘i;._ = e, o T T T ey Ay y
FK - E:\cornou\TEACHING\Sesarray Banealore2007\EXERCISES\FK\ex01\Results\FK cir... |
D —————————————————————————————————T R ]

e e

+ Aliasing
patterns -

22
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elocity (rnf's)

——--_h_ﬁ%’ E = — - -]
----- - Gt b

iy btk L s T Lg T
N e e
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— Add theoretical DC curve _
\ ~/data/EXERCISES _FK/EXOIl/model/synthetics_DC.layer [ B[]

"-\.--_ T

B Add layers

p:‘_l My Compuber | MName

| cornou

Frequency (Hz)

' 5 5 . 24
Smoath Save Close
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Frequency (Hz)

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 ???

curve

25
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Computing array response with build_array
~/data/EXERCISES_FK/EXO01/coordinates/circle2_6stations_lémeters

Build array = B X
|Eile| Edit Insert Format Stations Windows Help

IR 05 = EEW

Save coordinates  Ctrl+5

(&)
] New ctri+N | . OO |
7 Open ctri+o | " Open coordinate file ? O %
B save Ctrl+s Look in: [fhome,.fmwatheIefarray_c0urseizDU?U?-a|giers,fDATNE}{ERCISES_FKfexDlfconrdiriv] G 6 QN @ =
Save A M | Computer [ circle+triangle_10stations_large | | response_circle3_6stations_41meters.layer

Preferences Ctrl+pP ﬁ | circlel_7stations_8meters
| (=% mwathele TR s
B print i - i
) | I e circle3_6stations_41.5meters
Export image Ctri+E || | \} devel [ response_circle+triangle_l0stations_large layer
Quit Ctrl+Q I : response_circlel_7stations_8meters.layer
: | response_circle2_6stations_l6meters |ayer

Min [ Max ‘ Pairs | Colon|

File name: [circlez_ﬁstations_lﬁmeters I QOpen

Files of type: [Coordinate file (*) |v| | Cancel ‘

| I

) ) mwathele@sirac:~ - Shell - Konsole
Session Edit View Bookmarks Settings Help

= B %

E n
Total number of couples in rings u

[ Optimize H Add Il Remave I
- ~ & build_array

I Load Save | (]

1]
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N Bulldarray

Eile Edit [nsert Format Stations Windows Help

T B @& X)W

s-r 8%

(i

|20 o

|17.0205 |91
Lo 17.0205
|34e-08 |20

o

8.1 17.0205

-17.0205 |10
[L7e-08 |10
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Viewing array geometry

Build array
File Edit Insert |Format | Stations Windows Help

U w d Save make-up Ctri+u :

Restore make-up Ctri+Y

Object properties

Station name ) )
Axis properties

X Axis properties |
¥ Axis properties D.ODOODDODDOS—_
2050

Graph content properties

A 0.00000000004
Set background map - i

2056 (2056 0O

-:C_.- 2040 o 0.00000000000
= ]

Set limits of plots automatically
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For better viewing geometries (array + coarray)
remove names from plot using property editor

"Bl array =

Bis Edit [nsert Fomat Stations  Windows Help

e
Property sfitorBulld srray E"}_

= 3= = 3= = k2 = =

mlom)
£ | wiom)
= * Seabs [usitfpaomn) | 1
e e e T e | Torm 10032- 1024001510245 - - f
. I'-1.-n| r-m{ Pairs | Co '.EIE'—: 100 22, 10 2SS 0 15, 10 240 B || Y (unitipiat) | -1

“_.,_:ijlniHH; i . g Pl |
;}E“““[" FTT

D_En:r.n-“ I.{rlﬁiﬂ-flll:;lj

Lines
|||||
AzisuthMap il
H
£ | Linedats [« ]
Total number of couples in rings Line 1 of 2
Optimize A Rt riceve

Lioaec Save

Hit CTRL+M to display popup menia of the active object

29
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Compute theoretical array response
for the given station geometry

Stations

Add
Circle x Build array
Cartesian Fila [Edit  [nsart Format Staticm  Windows  Halp

Remove B woXxRiE EEMEE R
8%

Clear

Statians

Set station pames Tesmmna | x| v _[z[sm] =

Set array names 1| 10015 o o o la
0 o o

Array list - 3 |
17 024 ‘lﬂlf FESponse - transfer functiol

Set coordinatas

Lo Salast &0 Srray

Recalculate PP

Fotate 2.1

Translate -17.07

Relative positions Lireg

Theoretical response Dizparsian pct mmpling

Simulate response Frem | 0,50 He w1500
f

Step [Log || Numbarof smples [100 |5

Gnd dafinition

|HIH H.I:I| Pllﬂ!

k max factor

Tetal numbser of couplas in nings
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Where is K, ?

£ Gl
~ Theoretical response for array A -2

Filer Edit [Insert [Format

o
Array Transfer function

Wawe number ¥ [ rad,/m]
o
-~

(TR e e R Y

3

Properties

e

=% | [] Zoom Ctrl+Alt+2Z

2

Zoomin  Ctrl4++

0.00 Unzoom  Ct rl+-

e
vialenia

Array transfer function A AN, N LN (T B RN LS [ Save layers
0e08.0 2.0 4.0 608 00.0

Frequency {Hz) Add layers
kminf2: 0123688

kmax: 0603508 . <:> 2p|/D

ground level: 0.0831168 min max

kmax-kmin: 047082 Kmax/2 & 2pi/2d

kaverage: 0 363598

(1D equispaced linear arrayj)
(Nyquist wavenumber), -

min

k min/2 l:l 1237 jl: k max !l:l E035 !

31
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What do we mean by k..., ? - simulate array response
For arbitrary plane Wal&arrivals (includingsupgr'posi’rion)

Stations
X Build array

Add File Edit  [nsert [ormat  Stations  Windows  Help

Cire B2 woaxipiE BEEdBH

Cartesian

Remove
Clear

1 |10oLs o 0 A
Set station names 211002z

20 ['v] 0o__A
Set array names T'ID.‘."!I 17 02 Array response - traj
Select an array

Array list 4 | 10240 10

Set coordinates S| 10245 3.4u-4
& | 10252 a1

Recalculate |
710280 -17.03

Rotate
8 {10266 1 Te-i}
Translate il

Ralative positions

Thanratical raennnse

i
Simulate response »

Total mumbar of couples in rings
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What do we mean by k..., ? - simulate array response
For arbitrary plane Wal&arrivals (includingsupgr'posi‘rion)

Response for array A E

|:[ Name |-himuih|-EuFunc1| " | ¥ I_'E-I.m;d;_t_ﬂ;:rﬂlwrwi

| 1|Scurcel D 1000 £123032-14 1000
1

gRo0RL TEED

plcg/ around
and observe ...

Attenuation factor ()

| 1000000

33
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Add the array
response layer
on the fk

histogram plot

o0.00z



Using Ambient Vibration Array Techniques
_ for' Sl'|'€ Charac‘remsa’rlon _

'
ol
?;} : _; Ei‘iiét"'
s :

. LACK OF sl - -
RESOLUTION ? /

2

-

Frequency (Hz)

35
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FK misinterpretation (superposition) 7.5 Hz

'ﬂ Geopsy - fhome/mwathelefarray_course/200707-algiers/DATA/EXERCISES FK/ex01/M21_array circles.gpy

File Edit Wiew Waveform Tools Windows Help

B e~ EELAEHNDEEE R
Fles (8] - Graplic = circle2 6stations 16rmeters ]

All signals [+]
Termnperary signals ‘ S1004 7—

Time Window browser

All files

Temporary files
Permanent files
M02,1_3001 0500 05C
MO2.1_3001_0500_05C S1009 Z-
M02.1_3001_0500_05C
M02.1_3001_0506_051
M02.1 3001 0506 051
M02.1 3001 0506 051
M02.1 3001 0506 052 ||S1028 Z-
M02.1 3001 0506 057
M02.1_3001 0506 053>

R R R

Log (=13
s

signal ID 19 a‘:]
Statien 51011 at Z
Component Vertic

SlgnalID25 LA B I B I O B I O ) B B B B |

Station 51028 at 6 -0.4 -0.2 0.0 0.2 0.4
Component Verti Wawve number ¥ (rad/m)

signal ID 31 a Time window [« | [:55] («]»)

Station S1031 at Zx : =
Campenarit VEFUH k [0.24 radjm [2fv [195]000000 mys |4

| |T| | [IITl Propagation towards 303.9 counted from North
Messages / at k=0.727 rad/m, v=65 m/s or s=0.0154 s/m

I Groups Log |
l 51 signals, 51 files, free cache 1020.62 Mb .
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51008 Z

51011 2

S1031 2

Wave number Y (rad/m)




Using Ambient Vibration Array Techniques
for Site Characterisation
FK misinterpretation (superposition) - 2 H

B Geopsy - fhome/mwathele/array_course/200707-algiers/DATA/EXERCISES FK/ex01/M21_array circles.gpy

Fle Edit View Waveforrm Tools Windows Help

v B - EEEREHEODEE E R

Ales &) Graphic - circle?] bstations, lbmeters = Fic tonlbhox

All signals T — 2
Termporary signals 1004 7 MM’ Time Window browser -

All files
Temporary files

Perrﬁaner:t filos S1008 Z—[#hehedoss e aprdifiidtior i
M02.1_3001 0500 0507_000C
M02.1_3001 0500 0507 000C smugzwﬂmmm
M02.1_3001_0500_0507_000C

M02.1_3001_0506_0510_000C
M02.1_3001 0506 _0510_000C

M02.1_3001_0506_0510_000C
M02.1_300 1_0505_0520_0003;

r¥ (rad/m)

51011 2

M02.1 3001 0506 0520 0000~
(4]»]

Log [=1ES

\..LJIIIHUIIEIIL Vel e au E|

signal ID 19 added
Station S1011 at 2056 2C

] ]
: CIE.UCI 0.04
Compnnent Vertical Mvesrombera tradfing
signal ID 25 added i

Station S1028 at 2032 ¢ Tirne window [4 | [ s ]

Component Vertical — k [0.02 radjm ]%I v l?BS.DD m/s ]%{
signal ID 31 added [+

Propagation towards 326.5 counted from North
[« [4]+] pag

at k=0 00497 rad/m, v=2631 m/s or s=0.00038 s/m
|\ Messages

I_Groups' Log (]

Wawve numb

51031 2

|51 signals, 51 files, free cache 1020.57 Mb E || 37
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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

Circlel 7stations_8meters

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

Slowness (s/m

w

wr

[

o

=

=
B
.,

Slowness

o
=1
=]
E

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.
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FK histograms: outlier removal

B Grid Statistics

1.0e4+03

Chrl+alk+Z

Add la b=

[ oo W

6 8
Frequency (Hz)

Reject all
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0,002 0,004 0,006 0,003

Slowness (sim)

6 8
Frequency (Hz)

Reject al
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Press on "reject” to remove the samples
selected band from the distribution

0.004 0.006 0.008 0.0
Slowness (s/m)

Slowness

0.002 0.004 0.006 0.008 0.0
Slowness (s/m)

Average 0.00431 sfm - Skddey 733 5/
Median 5/ 6

Frequency (Hz)
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Use of the keyboard's arrows to
facilitate the removing of bad samples

To increase frequency

SHIFT +: to apply selection
and go to next 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

To decrease frequency
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— -

Partition Function
==

&
1,4
.

Computation of new mean/median/mode curve

E]@@ B maxZcurve - FK - E:\cornoul\TEACHING\Sesarray_Bangalore 2
e

Using Ambient Vibration Array Techniques
for Site Characterisation
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The new mean curve appears as Curve #2

Curve data £

Cupve 2 of 2
2Ny Yalid Average  Shd dew  Welt
1 1 0,0013... 0,0006..
2 1_.IIIE-:EIIII4. 0,94... 0,0019... |:|_,|:||:|;.T_-'4___.
3 1,13006 0,85 0,0012... 0,0005...

1,20131 | 0,83..

[£]

0,0011... 0,0004...

Slowness (s/m)
;

1,27705 0,78

5]

0,0010...

6 | 1,35736 0,73..

0,0010...

X

7 1,44514 0,69

[£]

4
s

Frequency (Hz)

45
December 06th-12th 2008, Thessaloniki, Greece



Using Ambient Vibration Array Techniques
for Site Characterisation

Cut curve in order to keep estimates only for reliable f.-band

e

naxZcurve - FK - E:\cornou\TEACHING\Sesarray_Bangalore 200 /\EXERCISES\FK\ex01\Results\FK_circle? 6statio, .

......

" Mimimnurm | : - il =" -
) period PO 1 | : i . ;

Mairuirn |

4,3375

) Frequency

215 0,18 [« | 0,0051... 0,0005..
6. [¥] | 0,0053.. 0,0006..
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Saving the dispersion curve

Look int |Iﬂ E!\cornoun TEACHING) Sesarray_Bangalore2 007 EXERCISESIFK e Resl v | D 0 @ ,_j @ IE]

ﬁ_! My Compuker

.| cornou

I
File name: | FK_circl kations_1émeters.dc

Files of twpe: i4 columns Filel*)

5,8884 | O,16..

<

Mame |'3:IJr"-.-'Ee #2 | Visible Actions -
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Some issues on f-k processing as
implemented in sesarray

 What reasonable values should be chosen
for fk analysis ? (K., Ko, Window length T)

* How is the fk gridding performed ?

48
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adaptive grid search technique (from coarse to fine grid)
Important: What initial to choose ?

wavenumber

Peak refinement until numerical relative
precision of 10 in wavenumber

wavenumber grid_step < K,;,/4 | 9
December 06th-12th 2008, Thessaloniki, Greece
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What to choose ?

2"k

max

) Arr_g_y Trg_nsfe_[_funqion
) Arrg_y Tra_a_nsfq[_funp;ion

. . 50
Decemb: GHd_Slze > kmax/2 ki, Greece
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What window length to choose ?

Window _length T : 20-50 T (and even morel)
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Recommended parameters

- grid_step < k,;»/4 (maximum value)
(< Kpin/ 20 for hrfkl)

e grid_size > k. ../2 (2 2 Ko5)

« T =20 - 50 seconds (and even more !)
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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/EXO3/*.gpy

However, this time you won't be given the
processing parameters ©©O©
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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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Frequency (Hz)
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or this one ... ?

Slowness (s/m)

40
Frequency (Hz)
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