Using Ambient Vibration Array
Techniques for Site Characterisation

Single station measurement: H/V

Tutorial
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H/\VV measurements

1) Influence of parameters in H/V processing (window
length, smoothing, etc ...)

2) Correlation between H/V peak frequencies and geology
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Loading signals
Directory EXERCISES HV/EXO1

wWindows  Help

L Cpen Chrl+0 a
B save Ctrl45

Save as ..,
Close

f” Import signals
Directory monitoring

Seed stream

Cikvshark card
Preferences e

Quit Chl+0

Messages
MNews signals are read From local files 0 signals, O files, free cache 256 Mb =.E- | 0%
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Crmricsttes

Loading signals
Directory EXERCISES HV/EXO1

AcY

Files

all signals
Temporary signals
Al Files
Temporary files
Permanent files

Messages

@)

Look in: fl;jE:'l,carnnu'l,TE.ﬁ.CHING'I,Sesarray_BangalnreZDIZI?'I,EXERCISES'l,H\.I"I,exD1 » o 0 Q2 [z] [%]

.-j_! MMy Computer . Marne Size Type Diake Modifi
|| 05.038.15.00.00,5T05. 1,530 REE 830KE REEFile 26/07/2007
| 05.035.15.00,00,5T05.2.5ac, REE 530 KE REE File 26/07/2007
| 05.038.15.00,00,5705.3.5ac, REE 530 KE REE File 26/07/2007

| cornod

‘-h

File name:  |.00,00,5T05. 1,sac, REE" "05,038. 15.00,00,5T05, 2,53 REE" "05,038,15.00,00,5T05, 3.5ac . REE" |

Files of bype: |Signal file (*3

0 signals, 0 files, free cache 256 Mh ‘_:'E,u 0%
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Display signals
Directory EXERCISES HV/EXO1

[ Geopsy - D[E‘[g|

File Edit ‘iew ‘Waveform Tools  Windows  Help

Files 8 X Graphic - File 05.038.15.00.00.5T05.1.sac.REE+File 05.036.15.00,00.5T05. 2.sac.REE+File 05.038.15.00.... Q@&|
f L sieffials il ——r
Emporary signals

Al files

Temparary files

Permanent files
05,038.15,00,00,5705,1.5ac,RE
05,038,15,00,00,5705,2.54c,RE
05,038.15.00,00,5T05,3.54c,RE

Display
icon

- File 05,038.15.00.00.5T05.1.sac.REE+File 05,038.15.00.00.5T05. 2.5ac.REE+File 05.038.15.00.00.

I Mame Component Time reference Start time End time Sampling frequency dt | M samples Duration Recx | Recy
11 5705 Wertical 0Bi02/200500:00:00 | 15:00:00  1%:29:20,000081 125 0,008 212300 00:28:20,000081 |-12345 -12345
22 |5T0S  Morth 03i02/2005 00:00:00 | 15:01:00 l15:29:20.000081 123 0,008 212300 lDD:ZS:ZD.DDDDSl l-12345 l-12345
33 9705 | East 0302/200500:00:00  15:00:00  1%:29:20,000081 125 0,008 212300 00:26:20,000081 | -12345 | -12345

¢
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Waveform tool: filtering, cutting, Fourier
spectra, etc ...

& Geopsy -

File  Edit  Wiew

ChrHSHIFED
Chrl+ +1
Chrl4+5hift+&

3

05,038, 15,00,00.5T(

Chrl+5hift+0

Chrl+5hift+R

December 6-12th 2008, Thessaloniki, Greece



HV toolbox

Click on H/V icon or select H/V in “Tools” toolbox

S Geopsy -

File Edit Wiew ‘Wwaweform

o B Bla-~

Files

all signals

Temporary signals

Al files

Temparary files

Permanent files
05.035,15,00,00,5T05.1,5ac.REE
05.035.15,00.00,5T05.2 . 5ac,.REE
05,035.15.00.00,5T05.3,5ac.RE

windows  Help

High resalution F-£

MSPAC

5] Linear F-K Far active experiments
E Linear F-K For passive experiments
Damping

5

@ Spectrum Rokate

2] Hyv Rotate

E Moise reduction

4 Particle Mation

E Refraction with Ma

E Time Frequency analysis

m Struckure spectrum

LB

mz—i

05.038.15.00.00.5T05.1.sac.REE+File 05.038.15.00.00.5T05... [Z|[B]fX]

1 1 1 1 1
15:0!5:00

1I5:1EI:UDI I

1I5:1!5:DDI L 1I5:2EI:DDI C 1I5:2!5:DDI I

Tirne

3 signals, 3 files, free cache 251.136 Mh E_E.u BERERN | 100%
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HV toolbox

Window selection Processing parameters

T d

E¥ H/V toolbox - File 05.038.15.00.00.5T05. 2.54...

Windaowing | Processing | Cukpuk windowing | Processing | Qutput

Parameters Parammeters

General | Feaw signal Filker Filtered signal ST 772 |Kc'nm XS]

Smoathing constant |4DJEIIZI

Length |E:x:an:t|~,.-' v| |25,EIEI 5. " |

Use cosine taper width |5,000% 2
[] overlap by 5,00 %

High-pass filker | 1,00 Hz

[ ] Bad sample talerance |IIIJIIII:| 5. |

Horizonkal components
[] Bad sample threshold

(¥) squared average

Anti-triggering an raw signal
() Total horizontal energy
[ ] anti-triggering on filkered signal

() Directional energy

Actions

| Auto |[ Add ] Inverse |
[v] Update Rermove Clear |

Mumber of windaws For |a|| stations vl

Load parameters Load parameters
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HV toolbox: selection of windows

Windowing

Parameters

Min STAJLTA

Max STASLTA ST0S

actions Actions

Update Ipdate

Mumber of windows Murmbet of windows For | all stations

Load parameters

Load parameters
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Computation of H/V :
STA/LTA anti-triggering algorithm
(as implemented in Geopsy)

« Constructs In(t)!, !z(t)! and lew(t)!

Am /M A TA

» Computes running averages STA(t) and LTA(t) for
the three components
(Typically, tsta = 0.5 to 2.0 s and tlta=15 to 50 s)

» Computes the ratios STA(t)/LTA(t) for the 3 comp.

» Compares it with given thresholds : Csmin (typically
0.1 to 0.5) and Csmax (typically 1.5 to 2)

» Keep windows for which
Csmin < STA(t)/LTA(t) < Csmax is fullfilled
simultaneously on the three component for a

minimum time tlong (typically, tlong = 15 to 40 s)
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Computation of H/V :
STA/LTA anti-triggering algorithm

STA-LTA
window
length

STA/LTA:05-2
1-30 TN

!I AL § [ i
AT et ot "Ji"'l"-"'"'IWﬂLlf*‘“,W ""‘“‘“M"‘l') & el s o 'ﬂ'w.-.'mﬁl'un'.h-'l‘.-‘ff' i '—.u.a‘fr*' “‘-.-.”""'r""l""‘f"y*" /¥ I.f".'t'r*" Af

5-30

10-30

20-30

30-30
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Computation of H/V : handling bad samples
(as implemented in Geopsy)

— STA/ILTA STA/LTA
Y —
N Bad sample Bad sample
threshold threshold
Y
v
o0 00000 0000000000000000000 0000
Bad Sample I B
Tolerance =0
Bad Sample I B B
Tolerance =2

bad sample
® good sample
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Smoothing with the "Konno-Ohmachi" function

f is the frequency,
fc is the central frequency,
b is the bandwidth coefficient.

Y

- ’ . i L]
siil (_{lu.g,_l‘l__:,%},. }

y,

(ﬂ"??i:"iu}':j’i?::’ﬁ.

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%.

Parameters

Smoothing bype
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Computation of H/V :
Konno and Ohmachi (1999) smoothing

« constant bandwidth in a logarithmic scale
e recommended as it accounts for the different number of points at low
and high frequencies

wOnno and Ohmach { 15%94Y) smoothing

Konno and
Ohmachi

Triangular window
with a constant width
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Computation of H/V
(as implemented in Geopsy)

Squared average

- Fourier amplitude spectra
- combination of horizontal spectra

Use cosine taper

ety D (N+E(D

= Smooth Of H and V I-Enrizn:nntal carmponents
- computation of H/V

High-pass filter

) Dire

Based on total horizontal energy
- Fourier amplitude spectra
- combination of horizontal spectra

H(f)=+N?>(f)+E*(f)

- smooth of H and V
- computation of H/V
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Computation of H/V
(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 are high-pass filtered
before computing the H/V and spectra curves.

The corner frequency of the high-pass filter is half the minimum
‘reliable’ frequency, i.e. 5/window _length.
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Tapering effects

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

\ /\/\/W\\/\Mf N AV AN N NP AN /\/\/\/\f\jﬂ‘\ /\n \/
\\/\/\b/\ J/\ \ / \/\ / \ Vat \/" \\} \ / (\\/«/\\/\f\/\f\/ ™ J I"\U/”x/‘\;,/‘ \/\ N Low freq.

"\/“\}f’\j/\ “w/\j/_\,/\./_'“‘/\b / f\'l. \ﬂ\_}f/\/\ ‘hﬂ_/r\-.‘u ;"'\r—m_/"\\_/ F\/ /\_/\\Jf’\mjﬁ\_ﬁJ com p one nt
+

broad band
signal

2002100

“u’\fo\ﬂf\/\/\/“f\MM”\/\uMﬁvr\f\f\/\j
y [\ A
\/v\v/\\/\‘h/\ﬁ A /—’\/\uuf' \/ Va2 VAV VAVAVASS VA

E /\/\/ \/\/\/\f\_/«/\/\ \/\/‘u’\_/\ f\\/f\/\v VAV AT A WA

2002100

Time
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no high pass filter

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

o

T T T T T T T T T T T TTTT T T

1 1 10 1
Frequency (Hz) Frequency (Hz) Frequency (Hz)

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

Fourier amplitude spectra
-
o
o
T
Fourier amplitude spectra
Fourier amplitude spectra
oy
o
o
T

T T 'I'IIIII[| T T TTTTT 1 II[\Ill T LI | T ||'|[[|| T T T 11111

1 10 1 10 1 10
Frequency (Hz) Frequency (Hz) Frequency (Hz)
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H/V

Fourier amplitude spectra

high-pass filter at 0.5 Hz

window length = 20 s window length = 60 s

window length = 100 s

T T |
1 1
Frequency (Hz) Frequency (Hz)

window length = 20 s window length = 60 s

Fourier amplitude spectra

TTTT |
1
Frequency (Hz)

window length = 100 s

Fourier amplitude spectra
[
o
o

LI ER | T T TTTTT f T T T TTTTT T T TTT1TT

1 10
Frequency (Hz) Frequency (Hz)

10 10
Frequency (Hz)
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Windowing | Processing

Cukpuk

Parameters

zeneral | Raw signal | Filker | Filtered signal

Length |E:x:an:tl':.f V| |5IIIJIIIIII 5, = |

[] owerlap by 15,00 %

0,00 s, |

[ ] Bad sample tolerance

[] Bad sample threshold
@nki-triggering on raw signal

[ ] anti-triggering on filkered signal

Ackions

Auto [ Add ] Inverse -
N T
Update | Remave | Clear |

Murnber af windaws Far |a|| skations v|

Windowing | Processing gkt

Parameters

General | Raw signal | Filker

LT4, 60,005, & vertical
Marth

MinSTALTA (050 3 East

Filkered signal

STOS

anti-triggering on raw signal

fckions

Auto [ Add ] Inverse -
[t ) L] (e )
Update | Remove | Clear |

Murnber af windows For |a|| skations W |

| Start

Load parameters]

’Lnad parameters]

Start
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Windowing Processing Cukput

Frequency sampling

Recommendation: cut-off ey
frequency of the sensor

Step Murnbeer of samples

Appearance

disepia|
D Cakbpuk
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Selection of most stationnary time windows

Graphic - File 05.038.15.00.00.5T05.1.sac.REE+File 05.038.15.00.00.5T05. 2.sac REE+File 05... [=|[B][X]

=705 Z‘“W“‘“F“““W““*““M““*“"““H+*~'

sros w«nmﬂiﬂunwﬁumuuﬁﬂnnmummmwmw-nmﬂm+um#

ST0S E—ﬂMHﬂkﬂﬂMM“ﬂ#“'“ﬂﬂﬁﬂﬂﬂﬁll**hlm Windowing | Processing | Cutput |

Parameters

1 1 1 ) 1 1
15 IL:DD 15:ZE:DD 15:2E:DD General Raw signal Filker Filtered signal

Time

Il!S:DL:EIDI I15:IE:I:IEII

Length |Exactly ~| 50,00 5. 2

-
[] owverlap by | 5,00 %

[] Bad sample tolerance 0,00 s,

[ Bad sample threshald

Anki-kriggering on raw signal

13 auto” : automatIC Selection Of WIndOWS [T anti-triagering on Filtered signal
“add” : manual add of windows i

¢ remove” ;manual delete. of windows :1 —
“inverse” :inverse selection e (Remove] | Clear L ]

Murnber of windows For | all skations ~| HH

Load parameters
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._’mmwhnnumhnmumnmnmu#wlﬁiﬁ+-mim

: mumhummmutnumm—mmunnmlgm*mm

I15:1!5:00I I15::2|iI:DDI I15:2IS:DDI

Time

I15:IJlS:DDI I15:1!]:00I

3 H/V Results - File 05.038.15.00.00.5T05.1.sac. REE+File 05.038.15.00.00.5T05. 2.sac.REE+File... [2 |[B][X]

File Edit Insert Format Tools

.

D 4 0. 6 0.8 1 4 6 810
Frequency (Hz)

Windowing - Processing Qutput

Parameters
General

: Faw signal Filter

Filtered signal

Length :Exactly | ESD,DD =,

[ cwverlap by !-E,IZID Yo ]

] Bad sample talerance
] Bad sample threshold
Anti-triggering on raw signal

[] Anti-triggering on filkered signal

Actions

&]I fdd ] Inverse
Lpdate Remove Clear

Mumber of windows Far aII skations

[0,00s,

December 6-12th 2008, Thessaloniki, Greece
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10/window_length 5 oo
(here 10/50s)

Automatic estimation

G sTos Y Resuts of average fH,.V gnd
pma_ws | Standard deviation
from f,, obtained for

individual windows

H/V from individual
windows

T
[14]
cn
m
I

Frequency (Hz)
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How to select/reject time windows ?

15:05:00 15:10:00 2 15:20:00

3 S5T05 HV Results B@@

File Edit Insert Format  Tools

Properties

Zoarm Chrl+Alk+2

Zoarm in Chrl++

fverage HiY

R eject time windows

06 oo L Fa R o
Frequency (Hz)
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How to select/reject time windows ?

Graphic - File 05.038.15.00.00.5T05.1.sac . REE+File 05.038.15.00.0 .5T115.2. ... ..

15:15:00
Time

EEX

File Edit Insert Format  Tools

Average HY

Frequency (Hz)
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How to select/reject time windows ?

B0 o =] 3

B R R SR

e e B ==
ﬂ*wﬁ"‘r File 05.038.15.00.00. .. !i-lfm

Windowing Processing Cutpuk

n Removing time windows

T Parameters
£ | You discarded some time windows (graved), Do you really

w8 lwant to remove all windows or only the grayed ones? General | Rawsignal | Fiker | Fitered signal

(2) Length EI.-ZxacEI";.f = V' ?_SIZIJIZIIZIIZI s,

[ overlap by | 5,00 %%

[] Bad sample kolerance E-IZIJIZIIZI 5,

[ Remave all l Remave graved

[] Bad sample threshald

Anti-triggering on raw signal

[] anti-triggering on filkered signal

Actions

Auto Add
Update

T T Murnber of windaws For |all stations
06 0.8 f i

Freguency (Hz) ' g —

4
Load parameters 3 \
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How to display only average estimates ?

B ST05 HV Results |Z||E|E| '
File Edit Insert Format BREls

Save make-up kel
Restore make-up Chrl+y

H
J

Chject properties

oo

Axis properties
¥ Axis properties

(=]

Y Axis properties
Graph content properties

.

Average HfY

]

; ' Ty Graph T10  Freguency Limits | Al indows | Awerage | Stddew
T ||||||||||||f T 1 Average Hiv
0.4 06 0.3
Frequency 2 M
3 EM

uncheck
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Edit Imsert  Format

YOO oODEME
WEE Size Type Dake Modifi

M 20l ile.. lder 22/11/2007
File.. lder 22/11)2007

.

2
|IIII

>
Direckory: | ex01 | Choose
Files af kype: |Directn:nries | Cancel
=

B
. IIInr

Fichier ~ Edition  Affichage Faworis  Outils  ? ks

H/V results + Iog flle eprécédente - \_/I lﬁ /..__\J Rechercher i Dossiers v

Adresse ) Edcornou\TEACHING Sesarray_Bangalore2007\EXERCISES Hex01 v 4
| Mom Taile | Tvpe
7 - 1 . I =
station name”.hv Gestion des fichiers 05.038.15.00,00.5T05. 1.5ac.REE 831 Ko Fichier REE

EIS.EISE!.IS.EIEI.EIEI.STDS.E.sac.REE 831 Ko Fichier REE

(1 - 7 (= " i
Statlon_name |0g 2 Créer un nouveau dossier Eamraend5.00,00,5T05, 3,530, REE 831 Ko  Fichier REE

@ Publier ce dossier sur |e 4 Ko  Fichier HY

Web
= . Jko  Document kexte
H} Partager ce dossier

o




Format of file .hv

k5 ST05. hy + (E:\cornou\TEACH. ..07\EXERCISES\HV\ex01) - GVIM

Fichier Edition Outils  Syntaxe Tampons Fenétre  Aide

# GEOPSY output version 1.1

# Mumber of windows = 18

# f8 from average 8.291645

# Humber of windows for 8 = 18

# f8 from windows 0.291073 0.248826 8.333321
Frequency Average Hin Max

8.1

B.185498
B.111298
B.117416
B.123871
B.138681
B.137866

B.709827
B.798671
B.817818
B.773149
B.828M1

B.911641
B.922852

B.273353
B.381085
B.425664
8484181
B.4895460
B.552656
B.5823

1.84324
1.67384
1.57126
1.47894
1.48346
1.58381
1.69257

B.145445 1.09816 B.609894 1.97733
B.153441 1.23695 B.636734 2.48295
B.161877 1.36324 B.638612 2.91mM

B.178776 1.78741 B.8708868 3.3475

B.18816% 1.9882 B.935987 3.89824
B.19887 2.36343 1. 484486 J.86812
B.2868519 2.5854% 1.59374 419426
8.211543 3.17493 2.26585% L. 44875

Min = Average / std
Max = Average * std
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Format of file .log

itk Parameters Hith

SIGHAL

FILE HAME = B5.0638.15.00.008.587T85%_.1.5ac.REE

WINDOY MIM LEMGTH (s} = 5@
WIHDOY MAX LEMGTH (s} = 5@
WIHDOW LEHGTH TYPE {(at least/exactly/freq. dep.) = exactly

DO BAD

SAMPLE TOLERAMCE {y/n) = n

BAD SAMPLE TOLERAHCE (=) = @
DO WINDOW OUERLAPF {(y/n) = n
WINDOW OUERLAP (%) = 5

DO BAD

SAWMPLE THRESHOLD {y/n) = n

BAD SAMPLE THRESHOLD (%) = 99
ANTI-TRIGGERIHNG OH RAW SIGHAL {y/n) =y

USED RAW COMPOMENTS = y, y, y, n, y
1

68

RAW MIN SLTA = 8.5

RAY HAX SLTA = 2

ANTI-TRIGGERING ON FILTERED SIGNAL (y/n) = n

FILTER
5

FILTER
FILTER
FILTER
FILTER
FILTER
FILTER

TYPE {low pass/high pass/band pass/band reject)

METHOD (butterworth/taper) = taper
MIN FREQUEHCY ({Hz) L

MAX FREQUEHCY (Hz) 18

CAUSAL {(y/n) = n

ORDER =

WIDTH = 8.1

USED FILTERED COMPOMENTS = y, y, y, n, y
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> Computation of spectra

i Geopsy -
File  Edit Miew  Waveform Windows  Help

ZB& | BEa~ hmﬁﬁﬂmlﬁiﬂ

Files High resalution F-K

all signals m M3PAC
Temporary signals
all files
Temporary files E Linear F-K for passive experiments
Permanent files :
05.038.15.00.00.5T05.1,5ac.REE Damging
05.0558,15,00,00,5705,2,5ac, REE

05.0558,15,00,00,5705,3.5ac, REE

E Linear F-K for active experiments

] Hypw
% Spectrum Rotate ! J 1 ! ! ! ! ! ! !
G 15:DIS:DD 15:1E:DD 15:IIS:DD 20 15:215:00
@ HM Rotate Timme
{3 rnise reduction — e P R TS '#
i tboxFie 05.030.15.000. - [B]X)
] Particle Mation
E Reefraction with MNA

Time frequency analysis Parameters

Windowing Processing 2ukput

m Struckure spectrum General Raw signal Filker Filkered signal

Length |Exactly - 50 s,
[] owerlap by | 5,00 %
[ Bad sample tolerance IZI_!DEI s,
] Bad sample threshald
Anki-triggering on raw signal

] anti-triggeting on filkered signal

Actions

) (o) o)
(i)
Update Remave Clear

Mumber of windows for |al stations

Load parameters

o
(H]
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Computation of spectra

B2 Graphic - File 05.038.15.00.00.5T05.1.sac.REE+File 05.038.15.00.00.5T05. 2.sac. REE+File 05.035.15.00....

s T N T L Y TR TR

Stationary windows are
computed separately for
each component

Fs
w
re
w
Fs
w
re
w

Anki-triggering on raw signal
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Selection of the same time windows as the
ones used for H/V computation

Look in: .'l—=| E:cornoul TEACHIMG! Sesarray_Bangalore2007\EXERCISES|HY ex01 V I QO O 2 [ L%

i pj_! My Compuker [ | Marne Size Type Date Modified

| cornou ] sT05.l0g ZKE logFile  24/11/2007 01:57

[ %

|
I

File name: STOS.log

Files of tvpe: ELn:u; File {* log)

Actions

Load parameters
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Amplitude spectra for the three components

B3 Spectrum Results - File 05.038.15.00.00.5T05.1.sac.REE+File 05.038

File Edit Insert Format  Tools

0.4 06081 4 B

Frequency (Hz)

0.4 06081 2
Frequency (Hz)

Average amplitude spectra for the
three components

IS Spectrum summary - File 05.038.15.00.00.5T05.1.sac.REE+File 05.038.15.00.00.5T05. 2.sac.... [= |[B][X] '

File ~Edit Insert  Format

[ ) 3 un
o =] o
o =] o o
o =] o o
(=1 =] o o

Spectrum amplitude

0.4 06081 2
Frequency (Hz)
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Format of the amplitude spectra results

i b
¥, ST05_Z.spec (E:\c...ES\HV\ex01) - GVIM2 (- JBI[X] ¥.ST105_7.log (E:\corn...CISES\HV\ex01) - GVIM3

Fichier Edition  Qukils we  Tampons Fenétre  Aide
B &

#t GEOPSY output version 1.1
# Humber of windows = 18

i Parameters #ith
FILE HAME = B5.838_.15.88.88_5T85.1.s5ac.REE
MIN LEHGTH {s) = 58
HAR LEHGTH {s) = 5@
LEHMGTH TY¥PE {at least/exactly/freq. dep.) = e

# £f8 from average 2.01267

requency Average Hin Hax
60861.63 2373.87 188008.5
Fr61.29 S116.97 11772 .1
8873 .55 5371.35% 14659.2
0786.73 5182.14 18181.8
8.123871 18717 .7 614115 187847
B.138681 11329.2 7048 .66 18218.8
B.137866 111597 6340.28 10642 .5
8145445 11657 .4 7264.71 18786.2
8153441 11652 .2 7144 .34 19864 .Y
B.161877 187946 5780.93 28439.5
B.178776 18424 1 6227 .55 17448 .5
B.188165 0196.9 5431.67 15572.2
8.198467 9179.12 6546.41 128B70.6
8.2806519 8358 .52 56108.97 124515 AMTI-TRIGGERINMG OM FILTERED SIGHAL {y/n} = n
8.211543 BB12.7 6767.86 11475 .4 FILTER TYPE (low passfhigh pass/band pass/band rejec
8.223173 onhy 30 6048 . G4 12837 .7 “§t) = low pass i
1,1 1,1 Haut

SAMPLE TOLERAMCE {y/n) = n

BAD SAMPLE TOLERAMCE (s) = @

DO WINDOW OUERLAP {y/n) = n

WINDOW OUERLAP (%) = 5

DO BAD SAMPLE THRESHOLD {y/n) = n

BAD SAMPLE THRESHOLD (%) = 99
ANTI-TRIGEERING OM RAW SIGNAL {(y/n) = y
USED RAW COMPOMENTS = y, n, y, y, y

Min = Average / std
Max = Average * std
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File Edit Insert

Chrl+L

Chrl+Y
Maxirnurn

Majar kicks [ Auta icks
Minor kicks Show labels

] zoom infout blocked

Frequency (Hz)
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Saving the make-up

Save make-up kel

Restore make-up Chrl+y

- Save the make-up
- next time H/V will be computed
you can then apply the make-up

04 06 081 P
Frequency (H:
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Exporting the figures

FE Export image as ... @1

Look in: |5 Eshcormout TEACHING

5-‘;_! My Computer Mame Size Cate Modifi

| cormou

File name:

Files aof tvpe:
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[ H/V Results - File 05.038.15.00.00.5T05.1.sac.REE+File 05.0... [2][8][]

File Edit Insert Format  Tools

Properties Chrl+Alt+P

Crder

Aligriment

Prink

Exportimage as ...

page

EEETSTE 0.4 0.6 0.8 1
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Obiject

% ancharicm)
¥ anchior{cm)
Width{cm)

Height{crn)

Anchior Top left corner




The H/V rotate toolbox

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

- Azimuth is counted
clockwise from the North

- Usefull to check whether a
site is 1D
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Test of the influence of the following
parameters on the H/V curve

Parameters that most influence the results:

- frequency range (depends on site features and
sensor cut-off frequency)

- window length (see H/V guideline)

- smoothing

- tapering

- transients (anti-triggering)
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B3 H/V Results - File 05.038.15.00.00.5T05.1.5ac.REE+File 05.038.15.00.00.5T05. 2.5ac.R...

File Edit Insert Format Tools

50 s window
—=Clear peak

3
\\,-.f\#
\/\FF\--\_:\

-
L™

04 06081 2
Frequency (Hz)

|
4

6

8 10

3

| windowing ' Processing | Output

Parameters

General i-R-aw signai [ | Filtered signai |

Length |Exact|y

] Bad sample tolerance
["] Bad sample threshold
Anti-trigaering on raw signal

] Anti-triagering on filkered signal

Ackions

auta [ Add ] Inverse
Update Remove Clear

Mumber of windows For |all stations v|

Load parameters
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Influence of window

mﬁH!lllllwitlyllmllllllllllilil ullllll!lllnllilllﬁhMlllllll|||iu|lu|||mlmmullliiqlulliliulmMwuiﬂlﬂnﬁmﬂ bt

length

10 s window

—=No clear peak !
= lack of resolution
at low frequency

ros - NN IIIIIllllllll|Ill||I*I|||||i|||n||||In||||||||||i||u||n||||I|I|M|I||||q||ii i I pililllllmll

IS HIV Results - File 05.038.15.00.00.5T05.1.sac.REE+File 05.038.15.00.00.5T05. 2.sac R... [2 |[B][X] IENEEIES

File  Edit Insert Format Tools

(5] (ws]
AN B

N

dowing | Processing || Cutput

General | Rawsignal | Fiker | Filtersed signal

Length |Excactly | 10,0005,

[ owverlap by W
[1 Bad sample tolerance
] Bad sample threshold
Anti-triggering on raw signal

] anti-triggering on filkered signal

Ackions

[
04 06081 6 810

Auka l Add ] Inverse
Update Remove Clear

Frequency (Hz)

Load parameters
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Influence of smoothing

G| Smoothing
b=10
e O g o M INFQM —Large
smooting

N . B H/V toolbox - File 1:n5.¢:n3:::.15.¢:u:r.¢:u:r.5T1:r5.;e.sa...[Z][E][ZF
STOS M W"' *unmmm'““mn*ﬂhh " ! Wwindowing M Cukput

3 H/V Results - File 05.038.15.00.00.5T05.1.sac.REE+File 05.038.15.00.00.5T05. 2.sac.R... ['_ ol RIETEEE
File Edit Insert Format  Tools Smoothing type il machi v|

Smoathing constant | 10,00 e |

=2 Cosine Laper Al v
L ine k idth |5,000 %%

High-pass filker |IZI, 10 Hz %

-?IIIIL

Harizontal components

(%) Squared average

LFN)

() Total horizonkal energy

H/V

(") Directional energy

= I~
IIII|IIII|IIII|IIII

2

0.4 06081 4 6 810
Frequency (Hz)

Load parameters
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Smoothing b=80
—=low smooting

" Windowing Processing Cukput

Parameters

Srmiookhing type onno eNghmachi

amiookhing conskank |E=IZIJ i}

Use cosine baper width | 5,000 % %

High-pass Filter |D, 10 Hz *

Horizonkal cormponents

(%) Squared average

() Tokal horizontal energy

() Directional energy

1 \.“f\' \,’f\ .‘::-

0.2 04 06081 i 6 810
Frequency (Hz)

Load parameters
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Fourier spectra

E Spectrum Results - File 05.038.15.00.00.5T05.1.sac.REE+File 05.038

H /V File  Edit Insert Format  Tools

06 0.8

Frequency (Hz)

5]
o
=
3
=

24
-:E-.

0.4 06081
Frequency (Hz)

December 6-12th 2008, Thessaloniki, Greece



Filker method

() Butterwarth filker {outphasing) Causal

Crder of Butterwarth's Filker

(%) Cosine kaper 1z

Time (<)

T
=

N "1 1

Time limiks

From | this time : ; |'|I |:|' o,

[

|| 15:29:20.0001

Use properties of First signal only
(signal narmed STOS)

Start

m‘“‘“mrmrmr””

Damping << 1 %

18

[ 10 g L

=> Sustained frequency
=> Industrial origin !
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AWErg,
oL !ga;

L R YA YA Y M

Time {s)

R A S

Time ()

f=0.26 Hz
z2=15.86%

f=0,29Hz
z=11.21%

Filter signals before processing

|Eian|:| pass V| Fram |EI;2 % | Hz ko |EI;3

Filter method

() Butkerwarth Filker {outphasing)

Crder of Butkerwarth's filker

{f} Cosine taper

Time lirits

From [this ime : | |15:01:00.0000

To |this time : | |15:29:20.0001

Ilze properties of First signal only
[signal named STOS)

Window lengkh | 50 | seconds

al | seconds

=> No sustained frequency

Fitting length |

Load parameters
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Correlation between H/V peak
frequencies and geology

; T
"_:rm:amﬂﬁl

The noise dataset has been
recorded in west Germany

(close to Hamburg). The

. seismometers were Lennartz 5s

(cut-off frequency of 0.2 Hz).




Loading signals
Directory EXERCISES HV/EX02

Compuker

1,1 MB
1,5 MB

| CoFmiou

File name:

Files of tvpe:
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AWErg,
oL !ga;

-
i Table - File GP(5c0-05.gse+File GPO5c0-07.gs5e+File GPO

2
3
4
=
&
7
g
El

= = === |—= |~ |— | =
L I = 1 L I % R |

Werkical
Morth
East
Werkical
Morth
East
Werkical
Werkical
Morkh
Morth
Eask
East

Change of station name and coordinates

Time reference
30/11}2004 00:00:00
01/12/2004 00;00:00
307112004 00:00:00
01/12/2004 00:00:00
30/11/2004 00:00:00
01/12/2004 00;00:00
01/12/2004 00;00:00
01/12)2004 00:00:00
01/12}2004 00:00:00
30/11}2004 00:00:00
30/11/2004 00;00:00
307112004 00:00:00
30/11/2004 00:00:00
01122004 00:00:00
30/11/2004 00:00:00
01/12/2004 00;00:00
30/11)2004 00:00:00
01/12}2004 00:00:00

Skark time
14:57:04.000000
10:06:24, 000000
14:57:04,000000
10:06:24,000000
14:57:04,000000
10:06:24, 000000
11:2%:20,000000
11:2%:20,000000
11:29:20,000000
07:35:44,000000
07:35:4,000000
07:35:4,000000
12:11:44,000000
09:04:32 000000
12:11:44.000000
090432 ,.000000
12:11:44,000000
0%:04:32.000000

5c1-05.gse+File GPO5c1-07.gse+File GP{5c

End tirne
15:34: 16,000000
11:03:52.000000
15:34:16,000000
11:03:52,000000
15:34: 16,000000
11:03:52.000000
12:37:28.000000
121371 25,000000
12:37:25,000000
12:00:00
12:00:00
12:00:00
13:03:52, 000000
10:40:40,000000
13:03:52.000000
10:40:40,000000
13:03:52.000000
10:40:40,000000

ling Frequ
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125

dt M samples
0,005 279000
0,005 431000
0,008 279000
0,008 431000
279000
431000
511000
511000

0,008
0,008
0,008
0,008
0,008 511000
1959500
1955500
1955500

391000

0,008
0,008
0,008
0,008
0,008 | 721000
391000
721000

391000

0,008
0,008
0,005

0,003 721000

Duration
00:37:12, 000000
Q0: 5725, 000000
003712, 000000
00:57:25, 000000
003712, 00000)
00: 5725, 00000
0105065, 000g0
01:05:05, Q000§
01:05:05, Q000§
04:21: 16, 000000
04:21:16, 000000
04:21:16, 000008
00:52:05, J00000)
01:36:08, 000000
00:52:08. 000000
01:36:065, 000000
00:52:065, 00000
01:36:05, 000000

December 6-12th 2008, Thessaloniki, Greece

oy o o o o o oo o o o o o o o o o O

= ITIAK

W avefarm
Wi aveform
W aveform
W aveform
W aveform
Wi aveform
Wi aveform
W aveform
W avefarm
W avefarm
Wi aveform
W aveform
W aveform
W aveform
W avefarm
Wi aveform
W aveform

W avefarm

BX



Set correct station names
(load file: set_station _names.headequ)

orm Taols Short file name | ID Mame | Component ] Skart: Limne End kirme Sarnpling Fre

GPOS-05 | Wertical
Lock table edition Chrl+E ] T

Sork

B cUrre
GPO%

Mame+="-"+left{righk{ShortFileMame
5P10c0-07

GPOScO-07 .52
GP05c1-05.g5e
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AWErg,
oL !ga;

Waveform  Tools Wi

Lock kable edition Chr+HE ]

Sork

all sigl Set headers

Ternpc
Al File
Terpc

Perms Mew group(s)

GPOSC. .
GPOSCO-07.gse 3 GPO05c1-05.gse

GPOSCL-05,g5e

Set sources

4  GPO5c1-07.gse

Set coordinates of stations
(load file: hamburg.coord)

Fies & x| [

|l signals

Temporary sign
Al Files

Temparaty Files
Permanent files

| GPOSCO0-05,gs5e

GPOSc0-07.gse
GPOSc1-05.gse
GPOSc1-07.gse
GPO5c2-05,g5e
GPOSCcZ-07,gse
GP10c0-07.gse
GP10c1-07.gse
GR10c2-07.g5e
GP12c0-01,g5e
GF12ci-01.gse
GP12c2-01.g5e
GP13c0-03, gse
GP13c0-05,g5e
GP13c1-03,gse
GP13c1-05.gs5e
GP13c2-03,.g5e

| GP13c2-05,g5e

December 6-12th 2008, Thessaloniki

PBw

IME BEHEEHRDEE R

Marne A bl

GPOS-05 561552 5,94442e+06

GPOS-07 561307 5,943%+06

GP10-07 Se0965 5,94258e+06

GP1z-01 S61853 5,94740e+06

GP13-03 562006 5, 94568e+06

GP13-05 561174 5,94322e+06

z ~

¥
¥

Rel pos,
Add station
Load

Save

LFLAC-UL g5e L1 ThhF -0 TR0

IaTE RN

SIS

ARt 0 S w8

A he1=17, VB u LR T¥ulatuln]

dt
003
003
0os
QoS
00s
003
00s
0os
00s
003

U,008

fulal

279000
431000

279000
431000
279000

431000

.51 1000
.51 1000
l51 1000
1959500
. 1959500

1 NENET el

cordinates__________[7|[x Lese:FileGRO5:2058..

M samples

Ciuration
00:37:12,.000000
00:57:25.000000
- 00:37:12.000000
. 00:57:25.000000
. 00:37:12.000000

00:57:25.000000
- 01:08:05,000000
- 01:08:05,000000
. 01:08:05.000000

04:21:16,000000
. 04:21:16,000000

GP12c2-01 gealiachiaat_Eack

EeEREe [ Open coordinate file

118 oo,

?(x%

GP13c0-05
- Look in:

| [ Excornoul TEACHING! Sesarray_Algiers2007\EXERCISES_HY\ex0Z2

GP135c1-03

OO O DEE

) signals

5_! My Computer

| cornou

GP13c1-05
GP13c2-03 | hamburg.gpy

GP13c2-05

hamburg.coords

set_station_names.headequ

File: narme: |hamburg.cnnrds

| Open

Files of type; |Cnardinate file §*)

Greece

Vl Cancel
L]




AWErg,
oL !ga;

Save data Iin a database

Files

Temparary sign
Al Files

Ternpotary files
Permanent files
GPO5C0-05.gse
GPOSCO-07.gse
GPOSC1-05.g5e
GPOSC1-07.g5e
GPOSC2-05.gse
GPO&C2-07.g5e
GP10c0-07.gse
GP10c1-07.gse
GP10c2-07.gse
GP12c0-01.gse
GP12c1-01.gse
GP12c2-01.g5e
GP13c0-03.gse
GP13c0-05.35e
GP13c1-03.gse
GP13c1-05.g5e
GP13c2-03.g5e
GP13c2-05.g5e

b B B EE DD R E E

5 x| Ny

All signals

—

L = T 2 I S B ot |

Short file name

|GPOScO-05.gse |1

GROSc0-07.g5e
GPOSc1-05.g5e
GPOEC1-07.gse
GPOEC2-05,.g5e
GROSC2-07.g5e
GP10c0-07.gse
GP10c1-07.gse
GP10cz2-07.gse
GP12c0-01.g5e
GR1z2c1-01.gse
GRiz2cz-01.gse
GP13c0-03.g5e
GP13c0-05.g5e
GP13c1-03.gse
GP13c1-05.g5e
GR13c2-03.g5e
GP13c2-05,.g5e

GP13-05
GP13-03
GP13-05

GP13-03

Mame

GROS-05

GPOS-07
GPOS-05
GPOS-07

GPOS-05

GPOS-07
@P10-07
GP10-07

Vertical
Morth
Morth

Vertical
MNorth

Time reference
3041142004 00:00:00
-DIII'IEII'EDD‘I- 0o0:00:00
ISD,I'I 1/2004 00:00:00
.DIII'IZII'EEID‘i 00:00:00
East 30/1172004 00:00:00

Component

Vertical

East 01/12/2004 00:00:00

01/12{2004 00:00:00
0141242004 00:00:00

Start time
14:57:04, 000000
: 10:06:24,000000
l 14:57:04,000000
l 10:06:24,000000
14:57:04,000000
: 10:06:24,000000
. 11:29:20,000000
. 11:29:20,000000

End time
151340 16,000000

11:03:52.000000
15:34:16.000000
11:03:52,000000

15:34:16,000000

11:03:52,000000
12:37:28,000000
12:37:28,000000

able - File GP05c0-05.gse+File GP05c0-07.gse-File GPO5c1-05,gse+File GPO5c1-07.gse+File GPO5C2-05.g....

sampling frequency dt

125

125
125
125

125

125
125
125

0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008

M samples ]
279000 0037
.431000 .DD:E._-"
l2?‘BDDD lDD:S.‘-"
l 431000
279000
l 431000
.51 1000

511000

lI:ID:S.'-"
o0s7
lDD:S?
.Dl:DEi
.DI:DS

GP10-078E

GP1z-0
GrP1z-0

GP13-03

GP13-03
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TRy & Save current database as ..

[2x]

Look in:

| () Edcornau\ TEACHING! Sesarray_Algiers2007\EXERCISES_HY

VOO OoP[EE

() ex0Z

!E_! My Compuker

| cornou

File narme: |database-ex02

| Save |

Files of type: |Geo|:usy database (*.gpv)

vl Cancel

Greece




el TiAK
Compute H/V and display the H/V =

curves along the profile B

5948000—

w

o~

5946000—

N

HY
- w
I\I\l\l\l‘l\l\l\l\l‘l\lI‘I\I\

04 06081 4 6 8 10
Frequency (Hz)

‘ | T T 17T ‘ T T 17 | T 1T ‘ T T 17 | T
561000 562000 563000 564000 565000
. o '
® -
o=

0.2 04 06081 2 4 6 810 020 022 0.25 027 030 0.33 037

Frequency (H H/V peak frequency (H/z)
0. OO 0. 99

Distance along profile

1. 97 2. 96 3. 94 . 5. 91
H/V amplitude
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