oy ST Using Ambient Vibration Techniques @)
e for Site Characterisation

oerle/é'

Single station measurement: H/V

TUTORIAL
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Start Geopsy

0 signals, O files, free cache Sllwlj‘ ”
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Ly LSIT Start Geopsy O

* e
fffff

2r e

# geopsy File Edit View Waveform Tools Windows Help O - E2 ! © ven 11:09

als =

L/'BmDo@ — = n =
Data visualization

All signals A

==Openiiiles (table, waveform, map [if coordinates])

| B

SPALC

Grpups

Database
(open, save) Processing tools

(H/V, spectrum, FK, HRFK, damping...)

February, 2010, Thessaloniki, Greece




All files
Tempora:
Permane

W=m

'm  Tools

Loading signals
Directory EXERCISES HV/EXO1

Windows Help

£
%ere9

=

® geopsy lil) Edit View Waveform Tools Windows Help

E Bl
20

Alist of all .
Alistof all t
Alist of all .
Alistof all .
Alistof all .

Saved steps v

Run

@I% &’ Open

D % = B ! 4 ven. 11:09 Q

& [0 g D save Bk 0 E K E E

Save as ...
All signals
Temporary signa
All files 3
Temporary files # Directory monitoring
Permanent files Exp $8E Seed stream

Cityshark card

& Laad Signals

noocoaBEm

Lok in: | Jusers/berty/ Desktop/ THESSALONIKL TUTORIALS /EXERCICES_HV/EX1
Computer _ Serong_peak
":f;_‘ berty
File name 5.|.r1.:|-ng_.pga.l;

Files of type Signal file ()

_Open

i1 ((cancel )

0 signals, O files, free cache 512 Mb
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o w_T Loading signals =3

== Directory EXERCISES HV/EXO01

£
%ere9

# geopsy File Edit View Waveform Tools Windows Help D % = E ! © ven.11:24 Q
[ . M) : [« Geopsy -
i I e ]I I.@Iﬂﬂlﬁl@lll
Files [E]Table - File Strong_peak

All signals . Alist of all . D g Component Time reference Start time End time Sampling frequency dt Nsamples Duration Recx Recy Recz Type
Zﬁ";if‘e';’a"’"g”“" T/ 1 Strong_peak | Vertical |24/05/2003 16:26:27 | 0.815000s | 15m0.815000s | 200 0.005 | 180000 |15m |0 |0 0 | Waveform

i |2 2 | Strong_peak | North 24/05/2003 16:26:27 | 0.815000s | 15m0.815000s | 200 0.005 180000 15m (0 |0 |0 | Waveform
Permanent file 33 Strong_peak | East 24/05/2003 16:26:27 | 0.815000s | 15m0.815000s | 200 0.005 180000 15m (0 |0 O | Waveform

Strang_peak

- he table corresponding Y6 fhe 16dded file

oy
Strong_peak Z-] S QW 4

The name of the loaded file By
| '

Strong_peak N
[a] Groups
!

Strong_peak F_—

J waveform graphic corresponding to the loaded fll m“l"

h\

~2p a0 e T e 10m 14m
You should get something like that

Uncheck menu "edit/Lock table edition" to edit tables or hit CTRL+K. 3 signals, 1 files, free cache 507.88 Mb
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LSt Loading signals
= Directory EXERCISES_HV/EXO01

# geopsy File Edit View Waveform Tools Windows Help

E2 ! 9 ven 1124 Q

[ . M) : : [« Geopsy -
A EEEEEIEEEEE =R
Files 66 000 [Table - File Strong_peak
{
All signals . Aljsl ofall .| D Name Component Time reference Start time End time apling frequency dt Nsamples Duration Recx Recy Recz Type
Zﬁ";if‘e';’a"’"g”“" i::z: g::::tl 1 |Strong_peak |Vertical |24/05/2003 16:26:27 | 0.815000s | 15m0.815000 0.005 180000 |15m |0 |0 |0 | Waveform
Temporary files Alistofall |2 2 | Strong peak North | 24/05/2003 16:26:27 | 0.815000s | 15m0.81500Ck 0.005 | 180000 15m 0 [0 |0  Waveform
Permanent files Alistofall .| 373 |strong_peak | East 24/05/2003 16:26:27 | 0.815000s | 15m0.815000 0.005 180000 |[15m |0 [0 |0 | Waveform
Strang_peak JUsers/bert.
AN [xfGraphic ~ File Strong_peak
Strong_peak Z-] QW 4
Strong_peak N
[&] Groups
!
Strong_peak E—|
Y
T T A
Time
.
Strong_peak measurement:
—
. . .
: = 2 H
Lennartz 5s seismometer ==> frequency limit of 0.2 Hz
o o o
O e
200 sps digit ==> Nyquist frequency of 100 Hz
(" Help ) (" Saved stepsv ) ( Run )
Uncheck menu "edit/Lock table edition" to edit tables or hit CTRL+K. 3 signals, 1 files, free cache 507.88 Mb
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Manipulating the data
Possibility to open table and graphic

oerle/é'

# geopsy File Edit View Waveform Tools Windows Help D % = E2 L] & ven. 1433 Q
[ . M) [« Geopsy -
A ]
Files [EJTable - File Strong_peak

All signals . Aljsl ofall .| D Name Component Time reference Start time End time Sampling frequency dt Nsamples Duration Recx Recy Recz Type
Zﬁ'%’l’e';’a"’"g”“" Alistofall t)l )™ lgong peak |Vertical | 24/05/2003 16:26:27 | 0.815000s | 15m0.815000s | 200 0.005 180000 |15m |0 |0 |0 | Waveform
Temporary files 2/2 |Strong_peak | North 24/05/2003 16:26:27 | 0.815000s  15m0.815000s | 200 0.005 180000 15m |0 |0 |0 | Waveform
Permanent files 3/3 | Strong_peak | East 24/05/2003 16:26:27 | 0.815000s  15m0.815000s | 200 0.005 180000 15m |0 |0 O | Waveform
Stro ak JUsers/bert.

anNn [|Graphic - File Strong_peak

Strong_peak Z-| iy %.M-u—-mww s

Strong_peak N _— 3 - "% " m JF' S m... - -
€ ;] alr

f Groups Files |
Waveform console 20
Strong_peak E-] 2 s W“" 1L s ’ u:‘:L iy
T T T T
Time
Close the table and the waveform graphic
(" Help ) (" Saved stepsv ) ( Run )
3 signals, 1 files, free cache 507.88 Mb Y
4
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@*@ﬂ Manipulating the data

- === Possibility to open table and graphic 1

"

oerle/é'

~0d

® geopsy File Edit View Waveform Tools Windows Help D % = E 1! 4 ven.14:33 Q
anNnmn : (] Geopsy -
) EERE I EE I EEEE T E E =R
. ) 0688 [[JTable - File Strong_peak

Aljsl ofall .| ID g Component Time reference Start time End time Sampling frequency dt Nsamples Duration Recx Recy Recz Type

i::z: g::::‘ 11 |Strong_peak |veres 2003 16:26:27 | 0.815000s | 15m0.815000s | 200 0.005 |180000 |15m |0 |0 |0 | Waveform

Alistofall.||2 2 | Strong peak |North 24/05/2003 16726 0.815000s | 15m0.815000s | 200 0.005 | 180000 15m |0 |0 |0 | Waveform

Alistofall |3 3 |strong_peak |East 24/05/2003 16:26:27 | 0.815000 @0.815000s | 200 0.005 |180000 [15m [0 0 |0 | Waveform

Open the table by dragging the name on the table icon
[&)Graphic - File Strong_peak
R— %——m-—#———umww S
Strang_peak N R = w sl tantns e -
- . ‘.C.ruups \ File.s. s
Waveform console [ x]
Strang_peak E-] o W sy 11 sttty sy
““‘s.'m"“T_‘s}n""'ldm“"'
Open the graphic by dragging the name on the graphic icon

3 signals, 1 files, free cache 507.88 Mb
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Manipulating the data

Possibility to open table and graphic

1 2

oerle/é'

# geopsy File Edit View Waveform Tools Windows Help D % E3 U 4 ven 1448 Q
anNnmn [« Geopsy -
A &
Files [[Jrable - File Strong_peak
All signals . Aljsl ofall .| D Name Component Time reference Start time End time Sampling frequency dt N samples  Duration | Recx Recy Recz Type
Zﬁ";if‘e';’a"’"g”“" i::z: g::::‘ 111 |Strong_peak |Vertical |24/05/2003 16:26:27 | 0.815000s |15m0.815000s | 200 0.005 180000 |15m |0 |0 |0 |waveform
Temporary files i | ;2 2 |Strong_peak | North 24/05/2003 16:26:27 | 0.815000s | 15m0.815000s | 200 0.005 180000 |15m 0 0 1] Waveform
ke 3|3 |Strong_peak |East 24/05/2003 16:26:27 | 0.815000s | 15m0.815000s | 200 0.005 180000 |15m 0 0 1] Waveform
[#-JGraphic - File Strong_peak
Strong_peak 2| i # s stiptepsionsma MRS il
ik " | il -
st w et Vi % ¥
€ — — ORI
f Groups Files |
Waveform consale 00
Strong_peak E-] . ~: W‘ e ‘L » g "'r"v‘-“'# by
ah R T A
Time
Open the data by d ing th the tabl th hic wind
( Help ) [ Saved steps¥ | [ Run )

3 signals, 1 files, free cache 507.88 Mb
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g LT Manipulating the data

=== Possibility to open table and graphic 1 2 3

D % = ER LI &4 ven. 1449 Q

® geopsy File Edit View Waveform Tools Windows Help
ann

& | g B EREEARDEEREE-
Files - Ilelals

[ Ceopsy -

[[JTable - File Strong_peak

Start time End time Sampling frequency dt Nsamples Duration Recx Recy 'z Type

All signals Alistofall .| | p Name Component Time reference
Zﬁr?n“;mwﬂgnah Q: 2t i :}‘ L 1 |Strong_peak |Vertical |24/05/2003 16:26:27 |0.815000s |15m0.815000s |200 0.005 | 180000 | 15m Waveform
Waveform

Alistofall .| 2 2 |Strong_peak | North 24/05/2003 16:26:27 | 0.815000s | 15m0.815000s | 200 0.005 180000 |15m
Waveform

graphic window, add the

Temporary files
Permanen t files Alistofall | 373 |Strong_peak | East 24/05/2003 16:26:27 | 0.815000s | 15m0.815000s | 200

P S neic JUsers bert Dr'agglng a llne (Or' mor.e) fr-om The Table 1‘8

| 180000

the

selected data to the waveform graphic

Lo ] [xJGraphic - File Strong_peak
Dragging the waveforms to«the tapke window:, you add all the«
waveforms data to the table
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Manipulating the data
Possibility to open table and graphic 1 2

3

Initializing stations...

Graphic
Map

Spectrum

HIV

High resolution F-K
H/V Rotate
Spectrum Rotate

Remove

February, 2010, Thessaloniki, Greece
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. u;::- .mb Jubico
" 4@= ITZAK

I

VIEW Menu
HOW TO PRESENT THE DATA

® geopsy File EditWaveform Tools Windows |

800 |  [JTable
& [2 @ ] Bd| B Graphic
Files Map
All signals 1 Chronogram
Temporary signals -
Al files ﬂm-

Frequency phase)

Temporary files
Permanent files

v

presents the data

‘in frequency-phase content

)

Strong_peak Z—

[&JGraphic - File Stron:

No distortion of the signal, only various ways
to present the same thing

resents the data
—> l?m time serie (normal)

el ala] [eeJGraphic - File Strong_peak
Strong_peak Z-] e
Strong_peak N fispe
Strong_peak E—f ;
"2 4 "6m " lam !
Timi

presents the data
*in frequency-amplitude content

g_peak

oo o [2]Graphic - File Strong_peak

Strong_peak Z— vt
strong_peak N—
P i MNM;
Strong_peak N= A A 4
Strong_peak E—
b
1 o2' ' '0'3"'04'0/50/60/ 0! 51 3 RN B 1) 2b' "' 3b' 4l b et Y Ebale Strong_peak E— i
Frequency (Hz)
B SR Y SN A AR 0 X5 N S T S A -5t TR 1 I 1 NP 1 M Mo -4
Frequency (Hz)
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L WAVEFORM TOOLS (main)

Fil Edit Vi Wavef Tool Wind Hel
@ geopsy File FEdit View TTCIILY Tools Win s _—er SUbsfmcf value: Offset removal
e N O iven value
B m - |
I g [ B E b —subtrad sianate> | £ ean value (of the whole waveform)

Files

All signals . AGC Comp

o borary signals Whiten Vertical Subsfracf ]g fl nal to other signal
Temporary files Clip North Gn be usetu or bU|ld|n pur‘pOSeS
Permanent files Phase shift East Do the substraction sample to sample

Over sample
Taper

Merge
Decimate amplitude
Decimate time

Multiply the signal amplitude
by a given value

Wavelet transform
STA/LTA

Rotate components
Correlations

Ccut.allow you to cut the signal Fr'e uency filter:
useful to s><lalec‘r specific pa%‘r of % asg

the waveform -Iow pass
band pass

band reject

Never forget to use the waveform console
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T 4@= ITZAK

H/V

(WINDOWING - GENERAL)

Close all the windows opened

PLot the « Strong_peak » waveform

O

Select H/V graphic icon => a « H/V toolbox » opens (followed by the file name)

Mo % [<]H/V toolbox - File Strong_peak

{Time . Processing Output |

Global time range

Fram | TO %] 0.8150s
To | End %] 15m0.8150s

|_| Use only the properties of the first signal

Time windows

{ General | Raw signal Filter  Filtered signal |

Length | Exactly 3] 25.00s. 8
[ | Overlap by 5.00 % _
= (<
__ Bad sample tolerance 0.00 s. .
_|Bad sample threshold 99% [
EAnti—triggering on raw signal
|| Anti-triggering on filtered signal
I Common ™ Update Select* v
View | all stations |5 | Number of windows I
Load parameters

!

Time (windowing)
Processing (smoothing/type of HV)
Output (graphic/files)

Global time setting tool
Works like the « waveform/Cut » tool

Allows you to reject parts of the signal
(beginning and end)

Windowing setting

*

v

Windowing results

Start the computation
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iy LCHT H/V
= @ . :
_— (windowing-general)

a0 ® [<]H/V toolbox - File Strong_peak

| — Time window length (idea of the geology)

Glebal time range

From | TO 3] o0.8150s

To [End [#] 15m0.8150s

EXACTLY: you give the time window length

|_| Use only the properties of the first signal

Time windows

AT LEAST: you give a minimum and a maximum
time window length. So a window has the minimum
fixed length and increases its length until the
maximum fixed length or a sample rejected by

Filter _ Filtered signal |
er |

Ceneral Raw signal

Length ._E_x_aEt_I;f""T] 25.00 s.

| | Overlap by 5.00 %

"I Bad sample tolerance 00 s. . .
o - the anti-trigger

|| Bad sample threshold 99 %

A wtasering on o sgna This option forces the program to define the windows

— Antiagering on fltered siane with an overlap (useful if you are short in time recording)
I Common ™ Update [ Select* v )

View | all stations | 2] Number of windows I
(= - .
AT
| Load parameters | [ start )

10/w, > {

seismometer
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R A

- = (windowing-general)
(RSN [ZZ]H/V toolbox - File Strong_peak ann

—{-Time l Processing Output -

Global time range 90 O/O
From | TO B: 0.8150s " 70 O/O
To End +| 15m0.8150s i

|_| Use only the properties of the first signal

Time windows

- Raw signal Filter  Filtered signal |

- i You al lc;;/v the an’r}-‘rr'"i"gﬁger' :;o ac::ep‘r some « bad »
st (bacty 8] 25,00 8 samples (problem of « glitch » for example)

[ | Overlap by 5.00 % @

|| Bad sample tolerance 0.00 s. s
- rs , You force the anti-trigger to consider some

STV Srr—————— samples as « bad », introducing a limit in amplitude

The an‘ri-’rrig?er‘ algorithm is applied on the
original signal (as fixed)
View [m Number of windows

You apply an anti-trigger algorithm on a
filtered signal (as fixed), but the H/V

computation is done on the unfiltered signal

All the options can be used at the same time
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LGIT H/V

] Il
<, 1

 — (WINDOWING - ANTI-TRIGGER)
eanNnO HfV toolbox - File Strong_peak

Define the anti-trigger parameters
(STA, LTA, minumum ratio, maximum ratio)

{Time | Processing Output |

Global time range

fEt oW 0.5150- Here, the values of 1, 30, .2 and 2.5 are the
To ! End = 15m0.8150s

commonly used values. They can be changed
when you want. Do not hesitate to use these

|| Use only the properties of the first signal

Time windows

" Rawsignal || File?” Filteredsignal L paArdrihelclro, DUl bewdi'e i
_» The anti-frigger is applied on the 3 components

Can be useful if you have too heavy noise on
ohe or two components.

Beneath, you can define \Svhere this anti-trigger

! General

@Anti—triggering on raw signal Wi” be C(pplied (flle name
I Common ¥ Update Select* v

View | all stations |3 ] Number of windows I
{ load oarameters )
| Load parameters | m
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‘“@Té@ uuuuu H/V
R (WINDOWING - ANTI-TRIGGER
Filter and Filtered signal  USING FILTER OPTION)

-allow to use an anti-trigger algorithm on a filtered signal
-can be done with or without normal anti-trigger (on raw signal)
Can be used when the signal presents bursts of energy

fann [=]H/V toelbox - File Strong_peak faNnn [F]H/V toolbox - File Strong_peak
f Time | Processing Qutput 1 If T.hesoe parTS ar‘.e grayed.' The f Time | Processing OQutput I
Global time range GnTI‘Tr'lgger' On fIITer‘ed S'gnal Global time range
From | TO o ] 0.8150s |S nOT USed From | TO I ] 0.8150s
To | End b#1 15m0.8150s To | b= 15m0.8150s

[ Use only the properties of the first signa roperties of the first signal

The filter options are the same =~ SUseen¥
ThGT oNn « Wavefor'm_FiH-er- » Time windows

| General  Rawsignal  Fil

Time windows

| General  Raw signal
. menu
e —
) e - .
I o 5. -
Filter method - ‘-_" Vertical
LTA 30.00s. . ¥ North
() Butterworth filter (outphasing) | Causal Min STA/LTA 0.20 — ‘-_‘; East
Order of Butterworth's filter 1 _ Max STA/LTA 2.50 0 V' Strong_peak

The « filtered signal » is equal

(*) Cosine taper Width o0.10 |5 .
to the LTA/STA options of the Anti-triggering on filtered signal
"I Common EUpdate Select* v | F'GW S|9nal #  Common EUpdate Select* v

cC3

View | all stations | & ] Number of windows

cC3

View @ Number of windows
You can activate the filter

| Load parameters | op.‘.ion fr‘om her‘e | Load parameters |
February, 2010, Thessaloniki, Greece
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— (basic use)
fano [Z]H/V toolbox - File Strong_peak
[ Time Processing Output |
B If you clic on « Select », a menu appear with 6 possibilities
From (To & 0.8150s « « Auto »: to GPPIY the active windowing options
To | End 3] 15m0.8150s

« Add »: will be seen later on
- « Remove »: will be seen later on

| Use only the properties of the first signal

Time windows

[General- Raw signal = Filter = Filtered signal | * K Inver'se ». TO inver'se The WindOWing
Length | Exactly +1 25.00s. @ .

« Clear »: to clear the windowing (no more windows)
« Load »: o load a windowing from a file (external file)

|| Overlap by 5.00 %

|| Bad sample tolerance 1.00 s.

|| Bad sample threshold

EAnti—triggering on raw signal
| Anti-triggering on filtered signal

[ ICommon M Update

If « Select » is followed by a star (*), that means:

{ Auto | . . . . .
vew (s T5) vamberatwy 2 *no windowing has beerj apphgd (at -'rhe beginning for example)
(e satons 1) Remove | you have already applied a windowing ,
Clear but you have changed some options without using them
[ Load parameters | Load tart )

—

For now, there is only windowing processing, no H/V computation
CLIC ON « AUTO »
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gy LT H/V

m 4@ ITEAK . .
_— (windowing)
For the moment, there is only windowing processing, no H/V calculus
ann []H/V toolbox - File Strong_peak IT iS bGSiCG”y fOl" Cl” The STGTionS (3 ComponenTS r'ec.)
(Time | Processing _Output | It can be checked for each record (pop-up menu)
Global time range
From [ TO 4] 0.8150s Number of windows
Toe | End f34 15m0.8150s \
|| Use only the properties of the first signal
Time windows
[ General | Raw signal Filter  Filtered signl |
Length [ Exactly %] 25.00. 8
Ul overlap by 5.00/ . pphic.c e Streb, e
|| Bad sample tolerance 1.00 s. : — Hl--c{b—-—-mmd*k%—#——n-————-n#:
|| Bad sample threshold 70% .
gﬁmt?—trigger?ng on raw signi.ll
|| Anti-triggering on filtered signal —— ORI wmﬁnﬁ‘““ ) Ll -Wl--ﬁlvﬁr :
"I common ™ Update Select v
View( all stations | 5 [JNumber of windows StrongzpealcE H“m"ﬂm%* m s
| Load parameters | | Start | Time
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H/V
(windowing)

If you do not obtain that, check the options you have

anon [EZ]H/V toolbox - File Strong_peak

{Time | Processing Output !

Global time range

From | TD |5 ] 0.8150s

To | End bs1 15m0.8150s

xj Use only the properties of the first signal

Time windows

Raw signal Filter  Filtered signal |

In red: not active option

In blue: active option

Check the values and
in which component
they are applied

the same

[~

xjf}verlap by 5.00 % 2

- -
__ Bad sample tolerance 1.00 s.

 Bad sample threshold 70% |3

Anti-triggering on raw signal

'_| Anti-triggering on filtered signal

"I common ™ Update Select v

View | all stations |3 | Number of windows :E
| Load parameters | [ Start |

ON « GENERAL » PANEL

anon [*]H/V toolbox - File Strong_peak

{Time | Processing Output |

Global time range

From | TO I ] 0.8150s

To | End ps 15m0.8150s

|| Use only the properties of the first signal

Time windows

! General | | Filter

Filtered signal

Adfoly to

ETA 1.00 s.

i E Vertical
LTA 30.00s. 2/ ¥ @ Norn

- E East
Min STA/LTA 020 [/

™  strong_pes

@Anti—triggering on raw signal

| Common ¥ Update Select w
View | all stations |3 | Number of windows =
ad parameters | [ Start |

ON « RAW SIGNAL » PANEL
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=== (processing and output)

A

H,I'\«" toolbox - File Strong_peak

[ Time | Processing = Output |

Parameters

Smoothing type Konno & Ohmachi

Smoothing constan

”ﬂ Use cosine taper

[ High-pass filter 1.00 Hz

gg#fntal components

(*) Squared average
() Total horizontal energy

() Directional energy @
——— —
| Load parameters | [ Start |

Parameters generally used

Range for the H/V computation 2y

H/V

ane [#]H/V toolbox - File Strong_peak

[ Time  Processing | Output |

Frequency sampling

P2 to  20]00 Hz

Appearance
| Results make-up
Page height 28.8 cm

I Summary make-up

"1 Output

Directory
Number of samples
on the whole
H/V curve (aver.,
stan. dev., window)
| Load parameters | [ Start |

The frequency range for the H/V computation is varying

upon the window length (seismometer and geology)
and the sample frequency acquisition
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S =T HIV
- = (computed)

If all is fine

s O [#]H/V toolbox - File Strong_peak

{ Time | Processing Output ! AaANn [Graphic - File Strong_peak

Global time range

m-ﬂb—-—mmd*o-%*_..____.,# e -

FomiTo W) 0.81505 e

To | End bsl 15m0.8150s

|| Use only the properties of the first signal

Strong_pealk N

[ :,ww#% it s

Time windows

{Cenerai | Raw signal Filter  Filtered signal !
n Strong_peak E~ oo m% & h st
Length | Exactly  |4] 25.00s. 8 ST s R aat i ‘
CJoverlap by 5.00% | U o D e e am T T
_ Time
|| Bad sample tolerance 1.00 s. g
 Bad sample threshold 70% &

@Anti—triggering on raw signal
|| Anti-triggering on filtered signal

[ Common M Update Select v
Click on « Start »
View | all stations |3 | Number of windows :E
| Load parameters | | Start |
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I P< 74 Colored windows H/\V
A@ITEAK

(computed)

fsnNo [%2]H/V toolbox - File Strong_peak

N aphic “Ke Stdqg ek [ Time Processing Output !

Global time range

From | TO 5 ] 0.8150s

To | End I+ 15m0.8150s

Strong_peak Z-

|| Use only the properties of the first signal

trong_peak N

Time windows

[ General | Raw signal Filter Filtered signal !

Length | Exactly s ] 25.00 s. @

| Overlap by 5.00 %

Strong_peak E

[ Bad sample tolerance 1.00 s.

2 NaNe) lwH/V Results - File Strong_peak Bl 70%

@Anti—triggering on raw signal
|| Anti-triggering on filtered signal

Strong_peak

[ common ¥ Update Selectw |
=
_—
= View | all stations || Number of windows =
o =l e e .\ : __| e .
T 1 1 [ [ ] T 1 \.M '\.s"a"j
0% 08 1 2 46 81D 2

Frequency (Hz)
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= (computed)

0 e® wlH/V Results - File Strong_peak
Strong_peak

Black plain line: averaged H/V curve
Black dashed line: average + standard deviatior

Color'ed plain lines: window H/V curves

n\q e color ?s the ‘rlme window
in the signal graph

Grayed area: standard deviation on H/V peak
1o Light gray: -stand. dev. (from windows)

'81'0 2'0 40 60 801

Erequency (Hz) Heavy gray: +stand. dev. (from windows)
fNee® [WH/V Results - File Strong_peak )
. ;mnq GE;( i Red dashed area: unreliable results
V7 comes|from 10/window_length
0. A (called T10)

] ] -:-_-‘-l ] .- : 15 - ] | ] I I ] - | ) R - -_I‘_
0.2 04" o6 08’1l 2.0 4.0 6.0 8.0 10.0 24
Frequency (Hz)
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H/V
(computed)

S e wH/V Results - File Strong_peak
Strong_peak

40 60 8010.0 20

'6 0810 2.0
Frequency (Hz)

WARNING i
= 2.38 Hz
fo This type of H/V curve
A= 16 (so strong, so nice
0 VERY RARE
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LGIT '
-l H/V (solution 1)

computed: remove window curves displayin

® geopsy File Edit View Waveform Tools Windows Help oo% 1! © lun.17:07 Q
[w] Geopsy -
AR N =
Files 00
Al signals A list 1 Eﬂraphm - File Strong_peak
Temporary signals Alist (|
All files Alist |
Temporary files Alisty 1 |
Permanent files Alisti Strong_peak Z-] hﬂ-ﬂ‘-———mmﬂ*‘ e ‘# e [ .
Strong_peak [User:
Strong_peak N = ,;‘.,L w m-ﬂll‘r ; ' e 1 o
Strong_peak E-] W#mmﬂ%# % [L re : L
TE T T S T [ T S T A S LY S S B o Be6 [EJH/V taclbox - File Strong_peak
2m 4m 6m 8m 10m
Time | Time | Processing  Output |
1800 Property editor::H/V Results - File Strong_peak Global time range
OO [@]H/V Results - File Strong_peak n — s
Strong Foriat : . On rom | TO +] 0.8150s
20; # Horlzontal Axis To End +] 15m0.8150s
1 [ Vertical Axis [ Use anly the properties of the first signal
> =
Tio- 3 E] Crid lines color S
i <
s 47 S *|| [[JTransparent content (Mask) | General  Rawsignal = Filter = Filtered signal |
LSS [ e au ¥ Print content as bitmap
0% 081 3 47 2 = I B
i Groups 20 Erequency Bis Line weigths (mm) Length | Exactly +l 25.00s. 8
Contour: o | Overlap by 5.00 %
Gudiline 0.1 |_| Bad sample tolerance 1.00 s.
Wavef i 20 =
il s | Layer stack Aav® | Bad sample threshold 70 %
| graph : 1 gAn(i—rriggering on raw signal
|| Anti-triggering on filtered signal
Type Name Opacity
5 Linelayer Stddev 1 | Common ¥ Update { Selectv
2 view | all stati 4| Number of wind 5
2 _all stations 3 | Number of windows 0
I\ 2 Parallel3ands
1 ParallelBands | T10 1 W = L
[ Load parameters
—\ —
(" Help ) Run
Hit CTRL+M to display popup menu of the active object l 3 signals, 1 files, free cache 507.766 Mb

Right click mouse and select « properties » Graphics: Put « windows » at O

or « double-click » on the H/V gr‘aphabr'uar'y, 2010, Thessaloniki, Greece



LGIT :
-l H/V (solution 2)

computed: remove window curves displayin

< eops! File Edit View Waveform Tools Windows Hel, D % F2 1! ) mar 935 Q
geopsy P 123
[ N le) [ Geopsy -
A NS
|
Elle= 00 nnp [EJGraphic - File Strong_peak
All signals Alist of all .
Temporary signals Alistof all t
All files Alist of all .
Temporary files Alist of all . Rl o :# - v
Permanent files Alistof all .| Strona-peakZ B :*"' T i
Strong_peak /Users/bert.
€ . BERIE . .
— o StongpeakN MWW**MWW*"*-**WM# o i
|
/!

Strong_peak E H :ﬂw% ‘ . w o : lanial e £

2m 4m 6m 8m 1m0
Time
Log 00
{UsersibertyDesklopTHESSALONIKITUTORIALS/EXE 8.0.0 lewtlj¥ Results s File Styong. penk
ISEr: el esKiof alalal i) - Fil
1 sub-rangas from 0.815000s 8 1o 15m0.8 150008 8 (n2= trong EH/Mtoplbox = File Strony_peak
sub-range 0 from 0.815000s s to 15m0.815000s s 4 . " 1
A o [ Time Processing Output
20- "
b i Global time range
> 1
= -
Tig- From | T0O % 0.8150s
To | End #] 15m0.8150s
N : |t S —— - _
T ols'0ld'l 3 4 5 '8 2i __| Use only the properties of the first signal
) al» Frequency (Hz)

Messages

| Time windows
|
Waveform console 00

[ General Raw signal Filter Filtered signal
Length | Exactly #] 25.005s. (-]
| Overlap by 5.00 %
| Bad sample tolerance 0.00 s.
| Bad sample threshold 99 %
@Ant‘r—trigger‘mg on raw signal
_! Anti-triggering on filtered signal
"I Common ™ Update ( Select v )
View | all stations +| Number of windows IE
" Load parameters ( Start
kil ekl ottt i
" Help ) Saved steps ¥ Run
et .

3 signals, 1 files, free cache 507.766 Mb
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g LOIT H/V presentation
'Cﬂ:“”f i wlrznx p

O

We show you how to remove the window H/V curves

But you can do much more, on both menus.....

00

[&]

Property editor::H/V Results - File Strong_peak

Remove the standard deviation of
the averaged H/V curve ~—_

| ® 7 O [« Options |

Visible layers

)

<

i-:]

Layer stack A vOq
| graph
Type Name Opacity
LineLayer Stddev

Remove the averaged H/V curve

M Stddev /
Remove the lower frequency of

your processing (time window or
natural frequency of your
seismometer)

( Ok :‘II::EancEI :'
P

February, 2010, Thessaloniki, Greece

W T10 limi

T Remove the window H/V curves =
=

™ Al window Remove the averaged f, and its =

™ Averag standard deviation /

| Sheet  Object  Layers

’Li nelayer Average

XUniqueYC... |Windows

ParallelBands | f0

1 ParallelBands | T10

e

Format

@ Horizontal Axis
g\u’ertir_al Axis

™ Grid lines

| Transparent content (Mask)
E Print content as bitmap
Line weigths (mm)

Contour: 0

Grid line: 0.1

s voOll

color ) ||




@ﬁ@ !ZQIT
4@ ITEAK

(computed remove window - 1)

GraphEc - File Strong_peak

H/V

|SNO [ZH/V toolbox - File Strong_peak

Strong_peak Z- ' W-ﬂ

6:28:23.94 ; 1.05)

Strong_peak N mq

ol e e

mwwwmmwm%mwwwmmmmmw-u

[ Time Processing Output |

Global time range

From | this time + | 0.8150s
To End + 15m0.8150s

[l Use only the properties of the first signal

Time windows

[ General Raw signal Filter Filtered signal !

Length [ Exactly  |&] 25.00s. 8

|| Overlap by 5.00 %

Strong_peak E Mq WM"""""M%W } ' L"M* " || Bad sample tolerance 1.00 s.
|| Bad sample threshold 70 %
| : W ‘ | ; : : ; ; ‘ : : ; g : ; ; I : @Anti—triggering on raw signal
12640 16:30:00 16:33:20 16:36:40 16:40:00 | Anti-triggering on filtered signal
Time
Then click on the graphic window and select  common @ Undate E—

the window(s) you want to remove

®Oe®

T rrrgprnng

0.6 0.B1.0

[#H/V Results - File Strong_peak

Strong_peak

View | all stations o

| AT E———
| Load parameters |

On the « Select » pop-up menu, click on
« remove ». From now, you are in « remove »
o mode

210 40 6.0 8010.0
Frequency (Hz)

" 24

February, 2010, Thessaloniki, Greece



H/V

(computed remove window - 1)
The selecied window disappears

# geopsy File Edit View Waveform Tools Windows Help oo%
ANo ':[?enpsv~

o [0 g [ b E] [ HEHCHANEEEHEED
eo

g

Fd

2r e

1! ¢ lun.17:38 Q

Files
Al signals A list " Eﬂraphm - File Strong_peak
Temporary signals Alist (|
All files Alist |
Temporary files Alisty h |
Permanent files Alist 1| Strong_peak Z| 4—--—-«;--*»*—&-——«-—-——“»# e £
| hedcolor'shof the
Strong_peak N: 1*“”%**“*“*%**# . s mmna AL L U I n o b U S C ange
Strong_peak E-| 1mmm¢m~~p m a ot !
RN O O
Time
ANO [¥]H/V toolbox - File Strong_peak
) [@]H/V Results - File Strong_peak [ Time Processing Output |
Strong.
Global time range
20 - r
From | this time %] 0.8150s

>

2 En—

o To End | 15m0.8150s

i3 | Use only the properties of the first signal
€ ) 4k 8
— B R & iy T T
Frequency (Hz) S
! [ General Raw signal Filter Filtered signal
Length | Exactly 3] 25.00s. ()
Waveform console 20 _ Overlap by 5.00 %

The red window desappears = mEn

| Bad sample threshold 70 %
MAnti—triggering on raw signal

_| Anti-triggering on filtered signal

I Common ™ Update (' Selectv |
el

view | all stations | 3] Number of windows 5
" Load parameters ) Start

€ Help 3

3 signals, 1 files, free cache 507.766 Mb
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WNETE.,
N 5

LGIT

H/V

B :
(computed remove window - 2)

g

Fd

2r e

# geopsy File Edit View Waveform Tools Windows Help £ 1! © |un.17:50 Q
ANo [w] Geopsy -
o I g ] B & & ER=ENERE]
Files (=N x) —
Al signals A list 1 Eﬂraphm - File Strong_peak
Temporary signals Alist (|
All files Alist |
Temporary files Alisty 1 |
Permanent files Alisti| Strong_peak Z-] -——mm‘*‘ e ‘# e [ .
Strong_peak N- = ,;‘.,L & m-ﬂll‘r ; ' il
Strong_peak E-] ﬂmM%*— % [L et N A
s bk 8B B LA LD ¥ L § Ll hd fn dade Do A
Time
0O [E]H/V toolbox - File Strong_peak
AanNnn [=1H/V Results - File Strong_peak. [ Time | Processing | Output
Strong_peak Global time range
Erom | this time ] 0.8150s
Properties Xup | To [End %] 15m0.8150s
|
Zoom HZ | Use only the properties of the first signal
€ ) kL2 Zoom in B+
_— 20 Time windows.
|
! Frequency (Hz) Save layers [ General | Rawsignal  Filter  Filtered signal |
= - Length | Exactly 3] 25.00s. ()
Reject time windows
Waveform console 20 _ Overlap by 5.00 %
| Bad sample tolerance 1.00 s.
| Bad sample threshold 70 %
MAnti—triggering on raw signal
_| Anti-triggering on filtered signal
I Common ™ Update (' Selectv |
ek
view | all stations | 3] Number of windows 5
" Load parameters ) Start
€ Help 3 Run
3 signals, 1 files, free cache 507.766 Mb

Click on the rigth button of the mouse and select « reject time windows »
February, 2010, Thessaloniki, Greece



WNETE.,
N 5

Lot HIV

== (computed remove window - 2)

# geopsy File Edit View Waveform Tools Windows Help

g

Fd

2r e

% Il % lun. 1826 Q
AN [ Ceopsy —
o D g (]
Files (=N x) [e]Graphic - File Strong_peak
All signals Alisty
Temporary signals Alist |
All files Alist | ‘ 5]
Temporary files A list |Strong_peak 2| ‘# C ] :“pq;.-: 3
Permanent files A list (|
[Strong_peak N .:“‘..r":‘*“ —w!ﬁl*t ; § ,,,,,.; -
Strong_peak E—- W ; I '.:.‘ 1'|. i
sl gt B gl oy w b B b g b
Time
ANO [FZ]H/V toolbox - File Strong_peak
e = m
wH/V Results - File Strong_peak [Time prosEERig Output |
Strang
Global time range
From | this time %] 081505
To [End %) 15m0.8150s
= "l Use only the properties of the first signal
€ : ] ik : . c
ay; i i [ [N ey
Groups 2e 0s 081 p) LA ) 2 Time windaws
7 Frequency (Hz) \
[ General Raw signal Filter Filtered signal
. . . Length [ Exactly 3] 25.00s. ()
—ww  od e colors change again on the windows (signal graph) S —
Th / h b d / l h | Bad sample tolerance 1.00 s.
e H/V curve has been re-computed (H/V result graph) ...
EAn(‘r—niggering on raw signal
__| Anti-triggering on filtered signal
"I common # Update "~ Selectv
View | all stations | 4| Number of windows H
(" Load parameters
€ Help
Station Strong_peak 3 signals, 1 files, free cache 507.766 Mb
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gy LOHT H/V MAKE-UP O

’ m.v”m wm - oe /5
- = (program the graphics-1) L
BAG TN Resuis < Fie Sirang_peak |

m the « Property editor » window, you can modify the

Strong._peak
| ahiral viow af tho H/\/ riirve (rannce X and Y. tvybe o
8.0 'w! Save make-up as ... - TYP f
20, Look in: ([ /Users/berty/Deskto...LS/EXERCICES_HV/EX1 &) (@] © (@] @ [ E
fé\ Strong_peak.hv 1 save Its
. d ey ~ Strong_peak.log aded when you
T
1.
10-
‘inside graphic)
L P 2rs
0
A
P
E
C
¢ Filename:  H/V-Mkup ( Save )
E ;
S Files of type: | Object make-up (*.mkup) [ ] ( Cancel )
R

P
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N LGET .
o -l H/V MAKE-UP

= (program the graphics-2)
When your make-up file is saved, you can call it:
‘manually

- automatically as an input

in the processina
;s non []H/V Results - File Strong_peak

Strang pealk

In the H/V toolbox, choose the « output » willlow
-check the « Results make-up » option
‘choose the make-up file

the make-up will be directly applied during t

pr‘oceSS|n9 000 [5]H/V toolbox - File Strong_peak
! 'é n 'é' ':i_b ! 2 I Time Processing Output ]
— Properties  \#p LTS v o Ty
gﬂ:i‘;.nem : Step @ Number of samples 1000 @
Print e
EKDDY[ image as .. EResults make-up HV/EX1/HV-mkup.mkup
CDPY Page height 29.7 cm @ Plots per line 1 @
CDPY image | Summary make-up
Save make-up
Save as a page & Output
Directory NIKI/TUTORIALS/EXERCICES_HV/EX1
From inside the graphic, you open the pop-up menu
and you choose the « Restore make-up » option
-a new window opens allowing you to choose the file
the make-up is directly applied
(" Load parameters ) (Start )

February, 2010, Thessaloniki, Greece



T o\
N 5

LGEIT

Grarcbie
] Il

" =@ ITEAK

) v
0

|

i

H/V OUTPUT
(save the graphics)
- Fil k

Lrrnmn neal
-__H-- 4

Look in: [ /Users /berty/Deskto. .LS/EXERCICES_HV/EX1 3] @] © [©]

™' Computer — Strong_peak
Strong_peak.hv
(g berty ~ Strong_peak.log
PS (*.ps)
PDF (*.pdf)
5VG (*.5vg)
File name: BMP (*.bmp)
JPEG (*.jpg *.jpeg)

Files of type: Fal [l (8.7 13}

PPM (*.ppm)
XBM (*.xbm)
XPM (*.xpm)

—

February, 2010, Thessaloniki, Greece

Click on the right button
inside the yellow part.
*A pop-up menu appears
-Select

« Export image as... »

*a new window appears
> Give the name for
the file
> Choose the type of
graphic file you
want



anon [E2]H/V toolbox - File Strong_peak

I Time Processing = Output

Frequency sampling

From 0.50 Hz [ to 20.00 Hz
Step @ Number of samples 1000
Appearance

|| Results make-up

Page height 29.7 cm _ Plots per line 1

| Summary make-up

H/V OUTPUT O

Until now, we have checked the graphic part, but the
processing and the results can be saved in files:

‘H/V results — «station_name».hv
‘the H/V processing parameters — «station_name».log

() (¥

You need to define where (in your HD) the files can be saved
_-select the « Output » option

[ efprT

Directory

£ 1 oad marametere 3
| Load parameters |

/-choose the file to save the results

For this practice, select the « EXERCICES_HV/EX1 » folder

February, 2010, Thessaloniki, Greece




N H/V OUTPUT

o D TTEAR :
= (HV file)
SO0 Sweapekhe S
2T T N Lines with « # » indicating no data set.
Ll of =i B

M\'nb windows
‘\.the fo coming from the averaged curve
*the f, coming from the window curves (+ stand. dev.)

The H/V curve

-frequency (f.yme)

-value of the averaged H/V curve at f ..
*the standard deviation (+/-) at f e

February, 2010, Thessaloniki, Greece



H/V OUTPUT
(log file)

File name

806 Strong_peak log =
717 RiEITIGE Last Saved: 16/02/10 10:36:02
= 2 - = LSS —  File Path: =[Deskiop/THESSAL _V/EX1/Stromg_peak log
- Porqe bers SN |-
WIRDOH HIH LEMOTH (s} = 23
LINDON 1 LERGTH (s} = 30
PO LEMOTH TVE (ot |-a:t.-'g.--:=uq.-'1 g, dap. ) = mxoctiy
B W0 SEPLE TOLDIBCE {yin) = <

PAD SRPLE TOLERAHCE (s} = @

¥
EAD SRFLE THRESHOLD (X} =

AN FREOUENCY = 8.5
PALIN FRECUEICY = i‘n
IMVERSED FREQUENCY =

Global parameters (anti-trigger, bad sample, ...)

a

Values for all parameters
(anti-trigger, bad sample, ...)

Processing parameters (smoothing, type of H/V...)

a

EAWLES MUFEER FREU.EN:“' = 'WN
4= 1=Li

ERAFL |G TWFE FREDUERC

&
e indewing Log e
Fratomat o windion ing

i
H

gt
2

R b HNE :

HlE
i
£ i
i !

S5

BEE5Ee

?rhE
1

g

§ed2geyge
Ja8ssRs

Ry is

£g

B

[- X% ]

24
X
-

>
&
E
=t}
F2EE3s
s

E
i

Parameters for the H/V curve (frequency limit,
nb samples.....)

a

Hirdon largth

The results of the windowing (i.e. the time wind.)

The used windows

Ve w

. okl
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H/V ROTATE
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@ ITZAK

iy ST H/V ROTATE O
Jim —

‘Compute H/Vs with an horizontal component
spanning different azimuths

*Azimuth is counted clockwise from the North (symmetry)

‘Useful to check whether a site is 1D

Strong_peak

W160=
u
120-
=

80-
5
E 40-
| -
< =

1 I[}.IEI IEI}.|EI‘IIi é | 4 | | Iéllléllib
Frequency (Hz)
B! VR

H/V amplitude
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el

4@ ITZA

H/V ROTATE

oerle/é'

® geopsy File Edit View Waveform Tools Windows D % = HF U1 4 mar 1652 Q
anNnmn [=] Geopsy -
7
e 1B g [
i e 00N [&-JGraphic - File Strong_peak

All signals Alist of all .
Temporary signals Alistofall t Il
All files Alistof all .
Temporary files Alist of all - |Strong_peak Z e :”L o] et i B
Permanent files Alist of all .
Stro e JUsers fbert.| |

E——— ) -+ Strong_peak N oty w"‘"‘("“ —w-ml“t‘ : e e ;"

Groups 00 ]
/
|Strong_peak E jm = 1’: . b mt i i L : ‘4:"
N et bbbk Bl DL b b8 g —
L . Lt - m m O O [EEJH/V Rotate toolbox - File Strong_peak
ime
yoa 00 E Time Processing Output

G apen fis JHN: Mg mkun for wing, Giobal time range

1 sub-ranges from 0.815000s s to 15m0.8150005 s (n

sub-range 0 from 0.815000s s to 15m0.815000s s amn o [=H/V Rotate Results - File Strang_peak From ' TO &4 0.8150s

1 sub-ranges from 0.815000s s to 15m0.815000s s (n)
sub-range 0 from 0.815000s s to 15m0.815000s s

1 sub-ranges from 0.815000s s fo 15m0.815000s s (n|
sub-range 0 from 0.815000s s to 15m0.815000s 5

1 sub-ranges from 0.815000s s fo 15m0.815000s s (n|
sub-range 0 frorn 0.815000s s to 15m0.815000s s

1 sub-ranges from 0.815000s s to 15m0.815000s s (n|
sub-range @ from 0.815000s s to 15m0.815000s s

1 sub-ranges from 0.815000s s to 15m0.815000s s (n &
sub-range 0 from 0.815000s s to 15m0.815000s s

Strong_peak

Azimuth (degrees;
= gy
[
o o
ol |
) -

To End %9 15m0.8150s

|| Use only the properties of the first signal

Time windows

[General ' Raw signal Filter  Filtered signal |

e RIC
[ Err— | gty Length | Exactly s 25.00s.
Waveform cansole (=] 0! F_.rglllul_encv (Hz) | Overlap by 5.00 %
*The H/V rotate toolbox has the same parameters S s
Than the normal H/V toolbox s ey
For the same parameters, the windowing is the same
~ +No file output

Station Strong_peak 3 signals, 1 files, free cache 507.766 Mb
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ﬁ%lrzﬁx BEFORE H/V PROCESSING O
THE ENERGY SPECTRUM

Verifying the energy spectrum
It is not mandatory, but it is strongly recommended

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

GEOPSY

array tools
e N

damping H/V - \

/\ FK| |Capon| | MSPAC | | MASW

\ Normal Rofate

February, 2010, Thessaloniki, Greece



LGIT THE ENERGY SPECTRUM O

We will work on EX2: 3 files ina SAC format

The « Spectrum toolbox » and the « Horizontal Spectrum Rotate toolbox »
have the same functionalities as the H/V tools. As you familiarized yourself with
H/V toolboxes, it will be very easy for you to use the spectrum tools.

Spectrum toolbox
There is no difference with the « H/V foolbox », except:

*the window definition is not synchronous on the 3 components as in the « H/V toolbox »
but you can force the synchronization (check the « Common » option)
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AWErg,
oL !ga;

* m

sod

1

i B LZAK

(] [&]Graphic - Selected from File 5P54.9598_194.08.07.E+File 5P54.9598_194.08.07.N+File 5P54.9598_194.08....

THE ENERGY SPECTRUM

SP54 Z—bgrmrtovd * bt it : doiir
e & [
SP54 N : - Jr

@ ) ) Bpectrum toolbox - Selected from File 5P54.959...

[ Time | Processing Output )

Global time range

To | End I3

1h40m

|| Use only the properties of the first signal

SP54 E 4— " Wh Time
[--General | Raw signal Filter Filtered signal '
m 48m 50m 55m th 1hém 1hlom 1h1sm 1h2om 1h2sm 1h30m 1hd LEnSER Exactt =} 100.00s.
I Time [ |Overlapby 5.00% ./

[x]Graphic - Selected from File 5P54.9598_194.08.07.E+File 5P54.9598_194.08.07.N+File SP54.9598_194.08....

SP54 Z—bimmind * e Bz + gt
SP54 N b ; b

'ssm' ' th 1hlom ih1sm 1hZ20m 1h2sm

Time

1hbm' thdom ' 1h3sm
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1h4

|| Bad sample tolerance 0.00 s.

|| Bad sample threshold 99 % .|

EAnti—-triggering on raw signal
|| Anti-triggering on filtered signal

v
View | all stations |4 ] Number of windows ud
Load parameters | Start




LGIT THE ENERGY SPECTRUM O

The « Spectrum toolbox » and the « Horizontal Spectrum Rotate toolbox »
have the same functionalities as the H/V tools. As you familiarized yourself with
H/V toolboxes, it will be very easy for you to use the spectrum tools.

Spectrum toolbox
There is no difference with the « H/V foolbox », except:

*the window defi?i’rion is not synchronous on the 3 components as in the « H/V toolbox »
but you can force the synchronization (check the « Common » option)

the output files: 2 files (station_name_ZNE.spec) and (station_name_ZNE.log) are
created for each component
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gy il THE ENERGY SPECTRUM
Sm — ITEAK

Spectrum toolbox
There is no difference with the « H/V foolbox », except:

*the window defi?i‘rion is not synchronous on the 3 components as in the « H/V toolbox »
but you can force the synchronization (check the « Common » option)

*the output Ji les: 2 files (station_name_ZNE.spec) and (station_name_ZNE.log) are
created for each component

-2 graphics are created:
=>a graphic displaying 3 graphs (one for each component © 7« [Secnumfesits - flesBa98 196050785 5.
=>a synthetic graph displaying the 3 averaged curves ot

BT ok 'é.'é'o"é"i 5 AR T é B

Frequency (Hz) SP54 N
0.0006-
M ™ O [Bpectrum summary - File SP54.9508_194.08.07.E+File 5... i
50.0004-
a a
E ] Eo.0002- v
‘50.0002- R o —ti
£ . 2" "o oleolsl " 3" ATTE eI A
E 1 Ereguency (Hz)
50.0001— ﬁ
"8:1 i
(=3 A
Yin nnnn

_I2 1 1 I0.|4I I(I}.IEI a-lél Ii 1 é 1 1 1 A i Iél 1 Iél Iib 1 2I
Frequency (Hz)

Frequency (Hz)
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LGIT THE ENERGY SPECTRUM O

1- load the 3 files in Geopsy (EXERCISES_HV/EX02)

very long record (3h50)

«at 100 sps » Upper frequency limit: 50 Hz

«done with a Lennartz LE3D-5s — Lower frequency limit: 0.2 Hz
Useful window length: 50 s. max

2- As you can observe some strong noise, we will cut the signal to conserve 120’
cut the signal (in graphic or table) in-between 20’ and 2h20’
*open the « Spectral toolbox » by dragging your signal to the spectrum tool =R

3- We fix:
*the use of an anti-trigger (raw signal, [1 - 30 - 0.2 - 2.5]) with 50 s. windows
*the frequency in a {0.1 - 20} Hz range with 1000 log samples
*normal processing (K&O, 40, cosine taper 5%)
*« Common » option to obtain a windowing identical to the H/V processing

4- « Select - Auto » (you may obtain 228 windows, 76 for each component)

H- « Start »
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THE ENERGY SPECTRUM

£
%ere9

# geopsy File Edit View Waveform Tools Windows Help D % = EF2 U 4 mer 1058 Q
/=] Geopsy —
)
o0 [[Jrable - File SP54.9598_194.08.07.E+File SP54.9598_194.08.07.N+File SP54.9598_194.08.07.V
Allsignals Alisti| [ip | Name | J f | Swrttime Endtime Samplingfrequency  dt  Nsamples Duraton  Recx  Recy | Recz  Type |
Temporarysignals s |East | 13/07/2007 08:07:21 |20m | 2h20m | 100 \ |-12345 0 0 O Bhectrum toolbox - Selected from File SP54.959...
Temporary files Alist | |SP54 | North | 13/07/2007 08:07:21 |20m | 2h20m \ 100 |-12345 | -12345 (Time | Processing | Output
Permanent files SP54 | 13/07/2007 08:07:21 2h20m | -12345  -12345
Global time range
To | End # 2h20
— . 4 . ey 1 ‘ ‘\ PR PR RY. “4‘ 2 e - at
-1 4 RERe = pare e pp
Groups 1 | -l ‘ | Use only the properties of the first signal
! I L 4!
Hime wndows
i ‘ ‘ Il General | Raw signal Filter Filtered signal |
5PS4 NMh-www«w»hﬂpwp»«ﬂ%» Lo b EERY H M g *M t
. ‘ [ Length | Exactly  13] 50.00s. B
| lOverlap by 5.00% .
. " ’ Ll " 1 1 ‘u " Bad sample tolerance 0.00 s. =]
SP54 E—bigt b . i - Herm i
Log @ Q J | | Bad sample threshold gg % I.|
IUSEers/Demy/UesKIop! | HESSALUNIKI TUTUH | ' ' d ' d ' ' d ' ' h ' ' | ' | j ' ' | i ' | ' ' 5, ' h i | ' f 2, EAnti-kriggaring on raw signal
IUsers/berty/Desktop/THESSALONIKITUTOR m 30m 40m 50m 1 1h10m 1h20m 1h30m 1h40m 1h50m 2 2h10m 2h, [ Anti-triggering on filtered signal
1 sub-ranges from 20m s to 2n20m s (n2=2) Time =5
suigrange o ;mm ng sto szﬂm S{ )
1 sub-ranges from 20m s to 2h20m s (n2=2 O Its - Selected ile SP54. 194.... C B
sub-range 0 from 20m s to 2h20m s — — 8 [Seectrum Results. Sel from Flilg SP54:9508.19. # common ™ Update { Selectw
1 sub-ranges from 20m s to 2h20m s (n2=2) 0 [Bpectrum summary - Selected from File SP54.9598_194.... SP54 7
sub-range 0 from 20m s to 2h20m s
1 sub-ranges ;l;om 20m s to El;;gﬂm s (n2=2)
sub-range 0 from 20m s to 2h20m s r i T i o
1 sub-ranges from 20m s to 2h20m s (n2=2) Hi @ Numberchvandons cco
sub-range 0 from 20m s to 2h20m s
1 sub-ranges from 20m s to 2h20m s (n2=2) *
sub-range 0 from 20m s to 2h20m s : 4
ki Load parameters Start
(o) (=)
Waveform console [N %]
o2 "oMdokol " 27 T TAERTL 2
Frequency (Hz)
z 02 'o4'okoEl 2" TATEET
Frequency (Hz) SPS4 E
4 af
0.0008-
20.0006>
2 3
50.0004-
<0.0002=
nanan e ——
02 'o04'olosl 374
Frequency (Hz)
( Help ) Saved steps v Run
9 signals, 3 files, free cache 447.337 Mb y
4
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AWErg,
oL !ga;

L)
[
ke

" B

el

o606 !ﬁle(trum summary - File SP54.9598_194.08.07.E+File SPS...

THE ENERGY SPECTRUM

0 ) ) [Bpectrum Results - File SP54.9598_194.08.07.E+File S...
SP54 Z

0.0008=

20.0006=
o =

=0.0004= 5B
g J Ey
<0.0002=
nnnnh: 1 1 11 111 L 1 1 | I [ IRRERIN] ==
02" "0/ 'os0'g1 2 48 é b 2l
Frequency [H_Q. SP54 N
0.0008=
2o0. 0006= ,’%
= 2 £ 2
E0.0004= oA
<0.0002=
nnnnh: 1 1 1 LI B} RN AL | | 1 IIII-I::I
02 040081 3 AR 2
Frequency (Hz) SP54 E
0.0008= |
w =
Eo.oona E :@.‘
50.0004= AR
<0.0002=
n Annn 5 et

e

"bld'oleolst 2T '4"'&"'é"'b P

Frequency (Hz)

0 O 0O  Property editor:Spectrum summary - File SP54,.9598_19...
0.0004-
J Lines A v0®
ki | graph::Curves ':]
Q_an?’; I J Line data ' (e——— —) lr
" - J 3 en N Fﬂ Line 1 of 3
%. "‘ y ed Iﬂls)r‘ >> Valid X Y dy m
E ! 1 I
so. : 1 ™ | 0.1|5.709861...| 0|
g ‘ € 2 | ™ |o0100. 5766827...| 0
a > 1 oo £ B
I 3 ™ | 0.101... | 5.816496... | 0
("] 1. -l +—
000017 5 4 ™ | 0.101... | 5.860603...| O
Gl s | # |0.102.5900145..| 0|
g 6 ™ | 0.102.. | 5.935757...| 0
"o2' 'oMokoEl 2" ATE'ET 2 g ;| ™ | 0103 |5.967873. 0| s
Frequency (Hz) . | ) = g I =
_Legend ) (Actionsv)
Choose
« Layer »
el Legend « Legend »
|
Pen | Symbol | [ Load )
: | |
Color | Width | Style | Type Size Col¢ \___Save )
| | 1 - Colors
N 03 |— 1.2 [
| . - | Interpole
I_ ® 3 e . Default:
l . | 0.3 PR— 1.2 . | Cray
Color )
E One color
MNumber of entries
5 i
FRRS
S -
(Cok) (cancel ) | February, 2010, Thessaloniki, Greece
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gyl THE SPECTRUM ROTATE

*This tool works as the "H/V rotate toolbox"

It computes spectra with horizontal components
spanning different azimuths

-Azimuth is counted clockwise from the North (symmetry)

‘Useful to check the energy spatial « release »

M 7 ) [Horizontal Spectrum Rotate Results - File SP54.9598_194.08....
S5P54

w160
=
9120
izl
80 -
5
E 40 :
o]
< 0 1 |||j|||#||| 1 | I I | Lrrprengin 1 m
W o2 "0l4 o081 2 46810 2
Frequency (Hz)

Spectrum amplitude

hoo 0.0001 0.0002 0.0003 0.00¢ "
F Y
v

February, 2010, Thessaloniki, Greece



s &7 FEW MOMENTS TO PLAY WITH DATA (4000

Work on data of EX3 (file MECHANICAL)
Record made by a CityShark IT

-200 sps >Nyquist at 100Hz
Seismometer: Lennartz LE-3D-b5s. iwmdow of 50 s.

Lower lim. at 0.2 Hz

*Anti-trigger as usual

Parameters for H/V

February, 2010, Thessaloniki, Greece



s 4T FEW MOMENTS TO PLAY WITH DATA [
o= Time windowing =

£ HIV Results - File MECHANICAL

ﬂ HINV Results - File MECHANICAL
Fil=  Edit Insert Format  Tools

M=
File Edit Insert Format Tools
MECHAMIC AL MECHAMTC AL
] v 2.5 sec.windows

10- 80 sec. windows ]

= 1

; L

1 & ?-—7(‘*-.. fﬁ
=5 z Zﬁ % 21
T 1 T

: g9 b

4—:1 ] 4 // 2 »

-
i f :
2—1 :

[} I|III|III|III| 1 I o IIIIIIIIIIIII 1 | [N (] n_| [ IIIIIIIIIIIIII T I 1 [} IIIIIIIIIIIII 1 I [T it
2 0.4 06051 2 4 6 §10 20 40 2 0.4 060451 Z 4 6 &10 20 40
Frequency (Hz) Frequency (Hz)

The window time length affects strongly the peaks, especially in the lower frequencies
Even if you are sure (by geology-geotechnical data) of the “presumed” frequency peak
Be secure by increasing the length as much as you can
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LGET

M el

s 4T FEW MOMENTS TO PLAY WITH DATA (4000

= ITZAK

EB)X

Konno and Ohmachi smoothing -

i H/V Results - File MECHANICAL

MECHANICAL

File  Edit Insert Format  Tools

=

MECHAMNICAL
A i

i No s.mooth'ilnb
1 !

n I|I

O B RN LA LA IR R n
2 04 0.60.81 2 4 B
Frequency (Hz)

No smoothing makes the H/V curve strongly difficult to interpret
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o wa’T FEW MOMENTS TO PLAY WITH DATA

Konno and Ohmachi smoothing

5 HIV Results - File MECHANICAL M[=1E3

ﬂ HIV Results - File MECHANICAL
File Edit Insert Format Tools

File Edit Insert Format Tools

MECHANICAL

MECHAMIC AL

Constant=80

R R R LI LA S R R R AL IR SRR
2 04 06051 2 4 & §10 20 40
Frequency (Hz) Frequency {Hz)

Increasing the K&O constant makes the H/V curve more difficult to interpret
There are too many details.
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@a@ wa’T FEW MOMENTS TO PLAY WITH DATA

Konno and Ohmachi smoothing

[l HIV Results - File MECHANICAL M[=1E3 5 HIV Results - File MECHANICAL
File Edit Insert Format Tools File Edit Insert Format Toaols

MECHANICAL MECHAMNICAL

L0

Constant=10

Frequency (Hz) Frequency (Hz)

Decreasing the K&O constant makes the H/V curve not enough detailed
so more difficult to interpret, you can miss some peaks !!!!
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i THE DAMPING TOOL

Work on data of EX3 (file MECHANICAL)
Record made by a CityShark IT

-200 sps >Nyquist at 100Hz
Seismometer: Lennartz LE-3D-b5s. iwmdow of 50 s.

Lower lim. at 0.2 Hz

*Anti-trigger as usual

Parameters for Spectrum or H/V
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gyl THE DAMPING TOOL

Compute the Spectrum and Rotate Spectrum in-between 0.5 and 100 Hz

A peak at 3.8 Hz, mainly in N-S direction
A peak at 6.7 Hz, mainly in E-W direction
A peak at 14.8 Hz, mainly in E-W direction
A peak at 43.2 Hz, mainly on H comp.

5600 morlzontal Spectrlotlesul File MECHRMNICAL
NICAL

‘0so'sl ai é élb ' 2b ' ab' 66 Bid

Freq uency {Hz)

o obT | 0b2 003
Spectrum amplitude

800 =Spectrum summary - File SYCHANICAL

0.03-

02—

Spectrum amglitude

n_'

HRph,

"2 A e8I T 2b

Frequency (Hz)

"ol
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4@ ITEAK

@ﬂ@ ~~~~~ THE DAMPING TOOL
- === Compute the H/V curve in-between 0.5 and 100 Hz

Spectrum We observe 5 peaks (H/V)

OO O [&H/V Results - File MECHANIC:I;CHANICAL '058 HZ
-3.8 Hz -1.55 Hz
6.7 HZ o675 Hz
*14.8 HZ ¢ <12 .45 Hz
*43.2 HZ ¢y *45.75 Hz

a.MNM [=Spectrum summary - File MECHANICAL

0.03-

=)
%]
|

TTokOET U B UATUETEID U ab b b st

Frequency (Hz)

Spectrum amglitude

In these frequencies, there is no peak in
energy. So the H/V peaks have a natural

origin. But, it is better to confirm the
Of‘igin. February, 2010, Thessaloniki, Greece
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iy LS THE DAMPING TOOL O

= 7y . Peres
=== Compute the H/V curve in-between 0.5 and 100 Hz

Spectrum We observe 5 peaks (H/V)
000 [&H/V Results - File MECHANICAL .058 HZ

3.8 Hz *1.55 Hz
‘6.7 HZ «—-675 Hz
*14.8 HZ oy <12 45 Hz
*43.2 H24—>°4575 Hz

The 2 first peaks:
natural peaks (to be confirmed)

st et e 20, We Will check the damping for these

Frequency (4 frequencies to verify their origin
*1.55 Hz (presumed as natural peak)
*6.75 Hz ??
-12.45 Hz ??
*45.75 Hz ??
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Ly LT THE DAMPING TOOL Q)
=== Verifying the origin of the « 1.55 Hz » H/V peak

Open the « damping toolbox » by draging
the name or signal or table onto this icon:

A
er|e®

000 [WDamping toolbox IT Will Open:
™ Filter signals before processing _ _ o The &« Damp i ng TOO l box »
| Band pass + | Frq EEI:- = E!:I:- 5 Hz . .
-a sighal window (not used)

() Butterworth filter (outphasing) Causal

B As we want to check the damping at a defined

e i T
. = oy The frequency band is defined about +/- 0.25 Hz
s o th preries o e st il from the target frequency
- ™ S0, here, we fix the band between 1.3 and 1.8 Hz
| lgl/Then click on « Start »

For the « Window length » and « Fitting length »

-we want to check the stability for a time window length of about
20 wavelengths

*here 20/1.55 = 13 sec.
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O

oy LT THE DAMPING TOOL

3 S /
: .‘/o;r: oe rie °

= Verifying the origin of the « 1.55 Hz » H/V peak

The results vary slightly:
the frequencies are close
the computed damping is over 1.0

AR et The checked frequency is hot SUSTAINED
and can be assumed as NATURAL

The « 1.55 Hz » H/V peak is suitable.
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ﬁw THE DAMPING TOOL
- === Verifying the origin of the « 6.75 Hz » H/V peak

Open again the « Damping toolbox »
Fix the frequency band between 6.5 and 7.0 Hz

The « Window length » is 20/6.75 = 3 sec.

(o NN [wIDamping toolbox
™ Filter signals before processing slale) [@Damping results - File MECHANICAL
Filter method The r‘eSUITS ar'e N le-05 [ ] .. : “ : . . || - PiE
. AR ARARN RS
() Butterworth filter (outphasing) _! Causal homogeneOUS' g Oe+00 R AL
. . ) :
Order of Butterworth's filter 1 . 'The fr‘e uenC|es u o IRIRIRIR! ! ! ! ! I$IE!
=-1e- xn
(® Cosine taper Width 0.10 @ ar‘e equa \ P i L é
Time (s)
Time limits The ComPUTed Be-05—x = » = & & v -I-m(: e A e
= HARpdRABRAEARAULT S
) 02210 dampmg IS s’rr'ongly 3 05
To [ End 4] 15mo0.2240s |€SS EOHGU
|| Use only the properties of the first signal E_“e_os ...... I B B g Udy088TE5
_Be-05 . T R S
y 1 ?
Window length seconds ' ij? (s)
wle-04-0 H A A & AR & B B2 A A 8 4 4 8% 0 B KR
g
Fitting length seconds g Ber00
=
S-le-04- % d ¥ A Yt H I B HY YUYW T U R E
Load parameters \ T P o : é-. L S
Time (s)

The checked frequency is STRONGLY SUSTAINED
and can be assumed as ANTHROPIC and NOT NATURAL

The « 6.75 Hz » H/V peak is an industrial peak
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Ly ST THE DAMPING TOOL
- === Verifying the origin of the « 12.45 Hz » H/V peak -

Open again the « Damping toolbox »
Fix the frequency band between 12 and 13 Hz
The « Window length » is 20/12.45 = 2 sec.

OO0 [w|Damping toolbox

™ Filter signals before processin fNO [wDamping results - File MECHANICAL

Filter method The r‘esu I TS ar‘e = :: T e : b‘ “ ‘ ~‘ J" \*-'.

() Butterworth filter (outphasing) [ Causal h O mogeneo US : ¥ 1) y :

Order of Butterworth's filter 1 B d T he f r‘e u enc i es
(®) Cosine taper Width 0.10 @ ar‘e eq ua
Time limits The ComPUTed . f=12.44 Hz
From [ TO 3] 0.2240s damp|n9 IS |€SS ThCln S
=
To [ End §8) 15mo0.2240s 1 O =
|| Use only the properties of the first signal g_

Window length seconds
w
F
Fitting length seconds )
=
E_
Load parameters Start

The checked frequency is SUSTAINED
and can be assumed as ANTHROPIC and NOT NATURAL

The « 12.45 Hz » H/V peak has an industrial origin
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WWWWW THE DAMPING TOOL

@a@ MITEAK
- === Verifying the origin of the « 45.75 Hz » H/V peak

Open again the « Damping toolbox »
Fix the frequency band between 40 and 50 Hz
The « Window length » is 20/45.75 = 0.5 sec.

anon [wDamping toolbox
EFiIter signals before processin A6 [@iDamping results - File MECHANICAL
Filter method The r‘eSUITS ar‘e N g: ‘ ‘: ' ' e e e x
() Butterworth filter (outphasing) (] Causal NOT ho mogeneo US . L
Order of Butterworth's filter 1 g ® T he f r‘eq u enc l es
() Cosine taper Width 0.10 @ ar‘e unSTable
Time limits The Compu-red f=46.32 Hz
From [ T0 [#] 0.2240s dGmplng IS over 1 O
To |[End 4] 15mo0.2240s
[ Use only the properties of the first signal
Window length seconds t
Fitting length seconds :__
Load parameters o 1 01 02’ 03 04
Time (s)

The checked frequency seems to be NOT SUSTAINED
and can be assumed as NATURAL, but for me this frequency is doubtful

The « 45.75 Hz » H/V peak seems to be NATURAL (????)
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N LGET
0 SESARRAY PACKAGES
GEOPSY
array tools |
SPEC damping H/V - — ™
/\ /\ FK| [Capon| | MSPAC || MASW |
Normal Rotate Normal Rotate l
figue gp tools Post-processing
figures Dispersion curves x2curve 2di
Ellipticity curves maxecur Spacedisp
Autocorr. Curves l
warangps DINVER
Array response /nversion
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ﬁw H/V computation (as in Geopsy) od?
%*HHW%WWW*—W%

Selection of the » |

most stationary MW*WWM”*WWW (STA/LTA

windows - | anti-trigger
algorithm)

Computation [ For each

of Fourier “: window of
amplitude ~ each
spectra . — component
+ smoothing . -

Average of
horizontal
components

Computation of the

average H/V +
standard deviation February, 2010, Thessaloniki, Greece




WETs g,
LA

w H/V computation (as in Geopsy)

"""'4**%%'%*%%”%“%
Selection of the n

most stationary “‘*‘WM*W"‘W““”“*"‘FWW (STA/LTA
windows anti-trigger

*WWW%W%%W algorithm)

1: removal offset for all the waveforms

2: determination of the STA/LTA value for each sample of each component
2-1: verification is the ratio fits the STA/LTA given limits
2-2: determination of time sample series fullfilling the given time length limits

STA/LTA computation

-2 sliding windows at the same time
*a short one (STA), with a time length you fix yourself (0.5 - 2 sec): tsta
*a long one (LTA), with a tfime length you fix yourself (15 - 60 sec): tlta
-on each window, you calculate the mean value of the waveform
-the ratio STA/LTA is computed and then compared to the fixed boundaries (low and high)
-the calculated ratio (so the sample) is conserved or rejected
-all the process is done for the next sample (for STA and LTA)
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iy LOIT
—
o =1 =11
Sample space
o|0o|0|0 |G |0 |G |OG|OG|O|O|O o|®

STA

10
Value space Vigsa) =[Zab8(value(i))

STA

STA/LTA ratio calculus

q

oerle/é'

STA average on 2 samples
LTA average on 10 samples

~

2 Viista) = ( Zn:abs(value(i))]m

1(1|1)6|6|1|1|1|1|1{1|1|1|t|1]|1|1|1|1|6[6[L|6|6|1|1|1|1|1{1{1|t|T|T|1|1|1|1|1|1]1
LTA 111(1(2[2|2|2|2|2|2|2|2|2|1|1|1|1]|1]|1]|2]|2|2|3]|3]|3]|3|3|3|3|2|2|2|1|t|t|t|t|1|1]L]1
10 n
Vigwray =[Z abs(value(i)) |/10 Vo) =( Zabs(value(i))J /10
i=1 i=n-9
O 3
P 2
< 1
& 0
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ﬁ%,rzﬁx STA/LTA ratio calculus

Sample space

T G S —

Case one: you fix a ratio STA/LTA in-between 0.6 and 1.4
T T T

Case two: you fix a ratio STA/LTA in-between 0.5 and 2.0
T T T

Larger is the boundaries difference less drastic you are in your selection

STA
LTA

RATIO
O MNMw
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#57  WINDOWING DETERMINATION .

W1: 5 samples

Case one: you fix a ratio STA/LTA in-between 0.6 and 1.4

W2: 6 samples

W3: 7 samples

.|.Q..........|.|.|.|.|.|.|.|.|............................Q|
w1 [T [ ] [ ]
w2
w3 I I
w4
Case two: you fix a ratio STA/LTA in-between 0.5 and 2.0
.|.Q...............................................
w1 T I . [ [ ]
w2
w3 I I I
w4 N ]

February, 2010, Thessaloniki, Greece
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ﬁ it STA-LTA AND WINDOWING [
REAL CASE

000000

1-30

000000

5-30 WMMWWWAMM\WMWW
10_30 IHOWWWW

000000

20-30

000000

30-30

Increasing the 1STA, you smooth and stretch the STA/LTA ratio, until a flat line
You are |€SS S@IGCTIVC February, 2010, Thessaloniki, Greece



@t STA-LTA AND WINDOWING [
e REAL CASE

000000

STA/LTA:05-2

000000
uuuuu

2e+ 00

Oe 00

000000

000000

1-1

Increasing the tLTA, you only amplify the STA/LTA ratio, from a flat line

You are more SCI@CTIV@ February, 2010, Thessaloniki, Greece
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- M el

Lo g H/V computation (as in Geopsy)
%Wthwwmwmkww&%«w%

Selection of the n

most stationary "”““’**H““W**W*”“““‘“”*”“‘F’“W% (STA/LTA
windows anti-trigger
algorithm)

Computation }- For each

of Fourier X window of
amplitude each
spectra _ = component
+ smoothing

Average of
horizontal
components

Computation of the

average H/V +
standard deviation February, 2010, Thessaloniki, Greece




L AT FFT AND SMOOTHING [

—_— —
Computation For each
of Fourier - % window of
amplitude each

EDQ'.
spectra . o — component
+ smoothing

Smoothing with the "Konno-Ohmachi" function

sin[(logm(ff)Jb] f is the frequency,

“/ ) fcis the central frequency,

(mg s )jb] b is the bandwidth coefficient.
10 fC

Constant

The smoothing function has a triangular shape centered on the current frequency
and its width is equal to "Band width"

Proportional

The smoothing function has a triangular shape and its width depends upon the
current frequency. The half width is defined by percentage*frequency. The value
of "percentage" cannot be greater or equal to 100%.
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FFT AND SMOOTHING [

Konno and Ohmachi smoothing (1999)

- constant bandwidth in a logarithmic scale
* recommanded because this smoothing function preserves the

different number of points at low and high frequency

Konno and Ohmachi (1999) smoothing

1.0

I |

0.5+ I I
I |

1

0.0 |

.O

5.0 f 100
I

Trlangular w1n<iow with constant width

1.0

0.5+

0.0

0.5 10 f! )
Frequency (HZ)
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BT H/IV computation (as in Geopsy) Q. Sl
W»WWW‘”W
M

Selection of the n
most stationary W*‘WW“"‘“* (STA/ ITTA
windows anti-trigger
algorithm)
Computation |- For each
of Fqumer' T e T window of
amplitude ‘ each
spectra o — component

+ smoothing

L0.035
B

Average of
horizontal
components

Computation of the I s i N
average H/V +
standard deviation February, 2010, Thessaloniki, Greece



L AT H/V COMPUTATION O

T (as implemented in Geopsy)
Squared average

e e

- Fourier amplitude spectra (for each window)
- combination of horizontal spectra (for each window)

H(f):\/N (1) EX()

- smooth of H and V (for each window)
- computation of H/V

Based on total horizontal energy

- Fourier amplitude spectra (for each window)

- combination of horizontal spectra (for each window)
H(f)=+/N2(f)+E2(f)

- smooth of H and V (for each window)
- computation of H/V
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g kST H/V COMPUTATION O
TEAK erje®

(as implemented in Geopsy)

Sometimes, the taper size used in the pre-processing has a strong
influence at low frequency. If the signal contains a strong and very
low frequency component, then cutting into short time windows may
strongly distort the observed spectra and H/V. Even when using
the minimum window length criteria according SESAME reports (i.e.
10 times the corresponding period for the minimum frequency of
interest) may be not enough to ensure a reliable H/V estimation.

In order to avoid such "tapering effects”, signals can be high-pass
filtered before computing the H/V and spectra curves (Geopsy
option).

The higher value for the frequency of the high-pass filter is the
minimum ‘reliable’ frequency, i.e. 10/window_length.
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N H/V COMPUTATION
| (taper effects)

m

/j

oel'le/g

- signal at a site having a resonance frequency around 1 Hz
- you add a low frequency component within [0.1-0.2 Hz]

VAVAVAVA A VaVAV N AT AVAV ALV S VAV VAVAVAVAN U

N—“MMWWW

E—WWWWW

0:00 20:3|1:DO 20:3|2:DO

Z—/W\/MN\WN\NW\N\M\/\A/\/\/\

N—\N\WW/V\MWMM\/M

E—J\/\/\f\/\/\_/\/\/\/\/\/\/\/\/‘\—\/\/\/\/\/\/\/\/\/v
0:00 2[]:3'1:00 20:3'2:00
Time

_ Normally, with 10 sec. windows, you are able to define the peak
February, 2010, Thessaloniki, Greece
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H/V COMPUTATION
(taper effects)

window length = 20 s

no high pass filter

window length = 60 s

6 ] 6
4 4
1 = 7
3 ] T3
2 2
1 1
0— T T T T T 17171 (0]
1 10
Frequency (Hz)
window length = 20 s
© ©
E s ]
10000 Q
n o
v 7]
3 E
= 1000 =
[=% j= i
1= £
© (=]
g 100 ko
3 S
2 2

1
Frequency (Hz)

10

1
Frequency (Hz)

window length = 60 s

10

1
Frequency (Hz)

10 1

window length = 100 s

: o

1 10
Frequency (Hz)

window length = 100 s

10000

-
o
]
T

100

Fourier amplitude spectra

10
Frequency (Hz)
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Ly LT H/V COMPUTATION
: (taper effects)

——

high-pass filter at 0.5 Hz

window length = 20 s window length = 60 s window length = 100 s

[=)]
L |
(o)}

d wu
i P
wu

H/V
w

(W]
T

1 1—
0- T T T T T T T 0- T T TT T T 0 T T T —T T T T
1 10 1 10 1 10
Frequency (Hz) Frequency (Hz) Frequency (Hz)
window length = 20 s window length = 60 s window length = 100 s

1000 1000 1000
g o ©
g 3 g
% & &
g g 2
2 = =
§ 1007 £ 100- £ 100
£ = £
- > o
ko g ko
=] '5 =
g g g

T T T TTTIT T T TTTTT T T T T T TTTT T T T T T T TT7TT1
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Frequency (Hz) Frequency (Hz) Frequency (Hz)
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g kST H/V COMPUTATION O

= (Synthesis)

Windowing (STA/LTA, window length)

___________________ Ommm e mm e
FFT + smoothing of each window of each component +NS-EW averaging
___________________ O
Computing of the H/V curve for each window
==> automatic computing of the main peak (f,) on each H/V curve (window)
==> error on H/V main peak (f,) defined in automatic peaking way
___________________ O
Computing the averaged H/V curve
==> averaged H/V curve
==>computing of the standard deviation
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& e Some keys for H/V interpretation
The probable peak origin ? -

H/V RATIO

SPECTRAL AMPLITUDE

MNATURAL ORLGIN
RAYLELGH WAVES

SPECTRAL AMPLITUDE

NMATURAL ORLGIN
LOVE WAVES AND/OR
5 WAVES

Following the spectral amplitude
shape, you can define an origin
for your peak at least the more
probable origin.

SPECTRAL AMPLITUDE
INDUSTRIAL ORIGIM
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_w e Some keys for H/V interpretation
: erie®

“m

= The structure beneath ?

Following the H/V curve shape, you can « evaluate »
the structure beneath your measurement.

Simple and unique Simple and multiple

1D structure with 1D structure with

only one interface various interfaces
H/V RATIO H/V RATIO

A

February, 2010, Thessaloniki, Greece



@ L™ Some keys for H/V interpretation
er|e®

= The structure beneath ?

Following the H/V curve shape, you can « evaluate »

the structure beneath your measurement.

Complexe:
2-3D structure with
at least one interface

H/V RATIO H/V RATIO H/V RATIO

N L

February, 2010, Thessaloniki, Greece



	Using Ambient Vibration Techniques�for Site Characterisation
	H/V computation (as in Geopsy)
	H/V computation (as in Geopsy)
	STA/LTA ratio calculus
	STA/LTA ratio calculus
	WINDOWING DETERMINATION
	STA-LTA AND WINDOWING�REAL CASE
	STA-LTA AND WINDOWING�REAL CASE
	H/V computation (as in Geopsy)
	FFT AND SMOOTHING
	FFT AND SMOOTHING
	H/V computation (as in Geopsy)
	H/V COMPUTATION�(as implemented in Geopsy)
	H/V COMPUTATION�(as implemented in Geopsy)
	H/V COMPUTATION�(taper effects)
	H/V COMPUTATION�(taper effects)
	H/V COMPUTATION�(taper effects)
	H/V COMPUTATION�(Synthesis)
	Some keys for H/V interpretation�The probable peak origin ?
	Some keys for H/V interpretation�The structure beneath ?
	Some keys for H/V interpretation�The structure beneath ?

