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Filtri ideali

Sono di quattro tipi:
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Real filters

Their frequency response is specified by
masking:
Example (low pass):
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Gaussian filter
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Filtro d1 Butterworth
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Butterworth Filters

These are "maximally flat" filters in the passband, with frequency response.
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Butterworth filters have the limitations of not being linear phase and
requiring high order to ensure a sufficiently fast transition region.
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step response
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For modern seismic acquisition systems, the type of fllter required by the anti-aliasing filter is
most easily implemented as an FIR (finite impulse response) filter. Some of the advantages
and disadvantages of FIR and IIR (infinite response filter) are listed below.

FIR: Are always stable. Generally, several coefficients are required to

obtainsteep filters. They can be causal and noncausal. One can easily
construct linear phase or phase O filters.

lIR: They can potentially be unstable and subject to quantization errors. Steep
filters are easily obtained with a small number of coefficients. Filtering
therefore results in rapid results. Building 0-phase filters is difficult if not

impossible. To remedy this, one can apply the filter twice in opposite
directions.
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Digital anti-aliasing commonly implemented in modern seismic acquisition systems belong to
the generalized class of linear phase filters that do not cause phase distortion of the signal. In
general, they produce a constant time shift that can be corrected. If the time shift is zero or is
corrected, the filter would be called a zero-phase filter. The reasons for using FIR filters in this
context are mainly based on the fact that there are established design procedures to fit the
required specifications with great precision, requiring very steep ramps, (these would be
potentially unstable as IIR filters), the linear phase property can only be implemented exactly

as FIR fllters. IR filters always cause phase distortion within the filter passband

: DEGLI STUDI

#w\ UNIVERSITA  Course: applied seismology 10 “
i;ﬁj DI TRIESTE Giovanni Costa #Uzk-20



Qriginal

Zero phase shift

Figure 6.12 The effect of using filters on a signal with a sharp onset. The signal is a 1 Hz sin
wave with an onset at 2 s (top trace). The middle trace shows the signal filtered with a zero phas
shift Butterworth filter while the bottom trace shows the signal filtered with a Butterworth filter with
nhase shift. Both filters are band pass with corners at 1 and 5 Hz.
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Filtro FIR anti alias
Quanterra 40 Hz data stream - decimazione a 20 Hz
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Filtro impulse response FIR dello stage 4 del digitalizzatore QDP 380 di Quanterra. E’ usato
come filtro lineare digitale anti-alias nellstream a 40 Hz per |la decimazione a 20 Hz.
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Such filters with symmetrical impulse responses are often called bifacial or acausal. The
impulse response oscillates with frequencies close to the corner frequency of the filter, an
effect called the Gibb phenomenon. It can be reduced at the cost of filter passband width by
decreasing the slope of the flltro. This, however, would also reduce the range the frequency
usable by the signal.

As a consequence of the symmetry of the filter impulse response, the onset of the very
impulsive signals can be obscured by oscillations, precursors ("acausal"), and become
difficult, if not impossible, to determine.
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The trace shows the portion of the P wave on the vertical component sampled at 20 Hz.
Before decimation from 40 to 20 Hz it was filtered with the FIR filter. As can be seen, the use

of a symmetric FIR filter in this case considerably obscures the seismic onset and generates
spurious acusality.
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One way to deal with this problem, which is discussed below, is to construct a filter that removes the acausal
component (left side) of the filtered signal and replaces it with its equivalent causal component (right side).

QDP 380 Stage 4
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The impulse response of the linearFIR phase filter can be separated into its minimum and maximum components.
The left or 'acausal’ part is caused by the maximum phase component, while the 'causal' part on the right side
responds to the minimum phase component. The full transfer function of the filter is the product of the two. The
solution is to remove the maximum phase component from the filter output trace without changing the amplitude
characteristic value of the filter process.
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Replacing the maximum phase component of the FIR filter response with its equivalent minimum phase. The top
trace shows the original FIR filter response (with zeros added). The bottom trace shows the result of the correction. In
addition, a time shift was applied to the bottom trace to correct the linear phase component of the FIR filter

response.
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Removal of the maximum phase component of the FIR filter response from the signal. The top
trace shows the interpolated and resampled signal at 40 Hz. The bottom trace shows the

corrected signal.
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ORTIGINAL

CORRECTED

The digital anti-alias filter
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Vertical component of P-wave arrival for a local event recorded at the HEI station of the SIL network in southern Iceland.
Decimated data sampled at 100 Hz in the upper trace are shown. Note the precursor signal. The bottom trace shows the
corrected trace after interpolation at 400 Hz and removal of the maximum phase component of the FIR filter response of

the SIL system.
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DEC-3 DEC-2 DEC-1 ORIGINAL

DEC4

SIL SYSTEM 400/100 Hz
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FIR filter impulse response for the SIL system for the decimation step 400 at 100 Hz. The original response sampled at 400
Hz is shown in the upper trace. The different possible decimation responses sampled at 100 Hz are shown below. The DEC-
1 decimation scheme includes samples 1,5,9,13, ".; DEC-2 samples 2,6,10,14, ...; DEC-3 samples 3,7,11,15, ... and DEC-4
samples 4,8'12'16 ... Of the original answer.

% UNIVERSITA

Sewast

i DEGLI STUDI
 DITRIESTE

Course: applied seismology
Giovanni Costa

2024-25



DEC-1
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[

SIL FIR CORRECTION (100 Hz)
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Removal of the maximum phase component from the decimated filtered trace. The upper trace shows the decimated
FIR filter response. This was used as the signal. Traces 2 through 5 show the result of applying the calculated
correction filters for the four DEC1-DEC4 decimation schemes.
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BE dststage = ..q

File Edit= tions Graphics Help
D) [+~
220 time stageid | ssident ghom iunits ounits gcalib gtype
X VYINO (LHE |10/30/2002 (303) 0:00:00.000 2 [0 4e+05 |V counts 1.000000 |digitizer
VYINO (LHE |10/30/2002 (303) 0:00:00.000 3 1 1.000000 |FIR_decimator
VINO (LHE |10/30/2002 (303) 0:00:00.000 4 1 1.000000 |FIR_decimator
VINO (LHE |10/30/2002 (303) 0:00:00.000 5 1 1.000000 |FIR_decimator
VYINO (LHE |10/30/2002 (303) 0:00:00.000 b 1 1.000000 |FIR_decimator
YIND (LHE (1073072002 (303) 0:00:00.000 7 1 1.000000 |FIR_decimator
YIND (LHE (1073072002 (303) 0:00:00.000 B8 1 1.000000 |FIR_decimator
YINO (LHN |10/30/2002 (303) 0:00:00.000 1 |0 15 |cn/sec v 1.000000 |[sensor
YINO (LHN |10/30/2002 (303) 0:00:00.000 2 [0 de+05 |V Counts 1.000000 |digitizer
YINO (LHN |10/30/72002 (303) 0:00:00.000 3 1 1.000000 |FIR_decimator
YINO (LHN |10/30/2002 (303) 0:00:00.000 4 1 1.000000 |FIR_decimator
YINO (LHN |10/30/2002 (303) 0:00:00.000 5 1 1.000000 |FIR_decimator
YINO (LHN |10/30/2002 (303) 0:00:00.000 b 1 1.000000 |FIR_decimator
VINO (LHN |10/30/2002 (303) 0:00:00.000 7 1 1.000000 |FIR_decimator
VINO (LHN |10/30/2002 (303) 0:00:00.000 B 1 1.000000 |FIR_decimator
VYINO (LHZ |10/30/2002 (303) 0:00:00.000 1 [0 15 |cn/sec ) 1.000000 |[sensor
VYINO (LHZ |10/30/2002 (303) 0:00:00.000 2 [0 4e+05 |V counts 1.000000 |digitizer
YINO (LHZ |10/30/2002 (303) 0:00:00.000 4 1 1.000000 |FIR_decimator
YINO (LHZ |10/30/2002 (303) 0:00:00.000 5 1 1.000000 |FIR_decimator
YINO (LHZ |10/30/2002 (303) 0:00:00.000 b 1 1.000000 |FIR_decimator
YIND (LHZ (1073072002 (303) 0:00:00.000 7 1 1.000000 |FIR_decimator
YIND (LHZ (1073072002 (303) 0:00:00.000 B8 1 1.000000 |FIR_decimator
ol
i
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‘ile Edit View Options Graphics Help ||
k] < |«|=
1200 stageid | ssident gnom iunits ounits gcalib gtype decifac | samprate dir dfile
X 2 (0 4e+05 (W counts 1.000000 |digitizer 2000. 000000
3 1 1.000000 |FIR_decimator 5 (400.0000000 |response/stage |FS2D5M
4 1 1.000000 |FIR_decimator 2 (200.0000000 |response/stage | FI6CH
s 1 1.000000 |FIR_decimator 2 (100.0000000 |response/stage |FI5CH
[ 1 1.000000 |(FIR_decimator 5 | 20.0000000 |responsefstage ||FS2D5
7 1 1.000000 |FIR_decimator 2 | 10.0000000 |response/stage |FI6C
8 1 1.000000 |FIR_decimator 10 1.0000000 |responsefstage |F260
1 |[On 15 |cn/sec v 1.000000 |sensor response/stage |cmg3t_pz
2 (0 4e+05 (W counts 1.000000 |digitizer 2000. 000000
3 1 1.000000 |FIR_decimator 5 (400.0000000 |response/stage |FS2D5M
4 1 1.000000 |FIR_decimator 2 (200.0000000 |response/stage |FI5CH
5 1 1.000000 |(FIR_decimator 2 (100.0000000 |responsefstage |FIGCH
[ 1 1.000000 |(FIR_decimator 5 | 20.0000000 |responsefstage ||FS2D5
7 1 1.000000 |FIR_decimator 2 | 10.0000000 |response/stage |FI6C
i 1 1 _inonon CTE doci wi—nu 110 b I TaTaTaTaTnTnl m
1 (0 15 |cm/sec i 1.000000 |sensor response/stage cmg3t_p;
2 (0 de+05 (¥ counts 1.000000 |digitizer 2000. 000000
3 1 1.000000 |FIR_decimator 5 (400.0000000 |response/stage |FS2D5M
4 1 1.000000 |FIR_decimator 2 (200.0000000 |response/stage |FI5CH
5 1 1.000000 |(FIR_decimator 2 (100.0000000 |responsefstage |FIGCH
[ 1 1.000000 |FIR_decimator 5 | 20.0000000 |response/stage |FS2D5
7 1 1.000000 |FIR_decimator 2 | 10.0000000 |response/stage |FI5C
8 1 1.000000 |FIR_decimator 10 1.0000000 |responsefstage |F260
=~
£
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# FS2D5M Quanterra FIR filter parameter file
# 5 decimation factor
# delay=11.541
# type 2
# npoles=s 0
# input sample interval 1.0e-03
# decimal factor 5
# normalization factor 1.0
# gain factor 1.0

theoretical 1 anti alias fir coef conv
1000 &5

150

1.3353280875E-05 0.0

-2.9233222770E-06 0.0

-7.131475286E-06 0.0

-1.0558125775E-05 0.0

-1.17232285970E-05 0.0

-8.714509%31E-06 0.0

-5.3060298353E-07 0.0

1.045249931E-05 0.0

2.181281883E-05 0.0

2.850974306E-05 0.0

2.577T766281E-05 0.0

1.271369365E-05 0.0

-9.378560208E-06 0.0

-2.5312223159E-05 0.0

-5.528407564E-05 0.0
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TCED Response £ile

= (H)stesl wvel 1.4 2/5,/94

H

H

H

H =ST=E-2 2.00000E-02 h= seimometelr

H# MNormali=zed response relative to wvelooity
#+ 1 tyvpe

H+ =2 num of =Zeroces

*+ = num of poles

#+ 0.0 input sample interwval
#+ 1 decim factor

# 5.22E+07 noermalization factor
# 1.0 gain

thecretical 1 amti-alias ra= pzSassismos
5.929200000000e+07 O.0000000000=+00

L]
—2.5540000000e-02 2 .55400000002e—-02 O.0000000000=2+00 O0.0000000000=+00
—2.5540000000e-02 -2 .5540000000=2-02 0O .0000000000e+00 O.0000000000=+00
—2.5120000000e+02 O0.0000000000e+00 O.0000000000=+00 O0.0000000000=+00
—1.2100000000e+02 4.&720000000e+02 O.0000000000=2+00 O0.0000000000=+00
—1.2100000000e+02 -4 . 6720000000=e+02 0O0.0000000000e+00 O.0000000000=+00
2
0.0000000000=+00 O.0000000000=+00 0.0000000000=+00 0.0000000000=+00
Q.00000000002e+00 O2.00000000002s+00 O0.00000000002+00 0.0000000000=2+00

# Q=80 Quanterra FIR filter paramseter £ile
# MNikolaus Horn, 22 .5.20071
# using informacticon from Bok Buskhy
# stages used in 12922/702,/12 firmwars
# =mtage 1 of 5120,/220/80,/40,/20/10/1
H
# input Sample interwval 5120
# decimation factor 16
# number of cocefficients [y
# normalizaticon factor 1.0
H gain factor 1.0
theoretical 2 anti_alia £41r gdplca 05
5.1200000000=+032 1s

a4
-1.11222811200=e-02 O0.00000000C002+00
-1.0080020200e—-02 0.0000000000=+00
-1.32528608200as-02 0.000002000C00=2+00
—1.720452s200e—-02 0 .00000000002+00
-2.0841800100=2-02 0.000002000C002+00
—2.2852771200e—-02 0 .00000000002+00
—2.608955c2000e-02 0 .0000000000=e+00
—2.7F7225225600e—-02 0 .0000000000=2+00
—2.7221519000e-02 0O .0000000000=2+00
—2.5847244500e—-02 0 .0000000000e=e+00
—2.2641171200e-02 0O0.0000000000=e+00
-1.7484:581400e—-02 0 .0000000000=+00
-—1.0140221000e—-02 0O.0000000000=2+00
-2 .51c2172700e-05 0.0000000000=+00
1.22TE8202500=e-02 O.0000000000=+00
2.15928217400=-02 O0.0000000000=e+00
&.929224428000=-02 O0.0000000000e+00
2. 02952827 002-02 0.00000000002+00
1.2542264200=-02 0.0000000000e+00
1.£212201200=2-02 0.00000000002+00
2.0262229700=e-02 0.0000000000=+00
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Wood-Anderson 1922

Short period (on the left) and long period (on the right) seismograph
recording instruments
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Dal nomogramma possiamo facilmente capire che il valore di magnitudo ricavata dipende dalla distanza della
stazione e dall'ampiezza massima registrata.
Vedete che in maniera approssimativa invece della distanza possiamo utilizzare il tempo che intercorre tra l'arrivo
S e l'arrivo P (che 'e funzione della distanza del terremoto).
L'equazione per la Magnitudo Locale e
ML = log10A(mm) + (fattore correttivo per la distanza)
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Qui A e' lampiezza, in millimetri, misurata direttamente dalla
registrazione. Richter defini che un terremoto ha magnitudo pari a 3
guando un evento registrato a 100 km di distanza con un sismometro di
tipo Wood-Anderson con periodo proprio di 0.7 secondi (e non
entriamo nel dettaglio della sismomentria per capire cosa significhi
periodo proprio di un sismometro...) e 2800 ingrandimenti da luogo ad
una ampiezza massima di 1 millimetro. Notate che il valore della
magnitudo dipende dal logaritmo in base 10 dell'ampiezza. Quindi tra
un terremoto di magnitudo 4 ed un terremoto di magnitudo 5 I'ampiezza
varia di 10 volte!!
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Per simulare un determinato sistema sismografico, dobbiamo prima rimuovere gli effetti del
sistema di registrazione originale. Questo viene fatto filtrando i record digitali di un dato
sismografo sistema con un filtro che approssima la risposta inversa del sistema di
registrazione effettivo.

Quindi le serie temporali risultanti devono essere filtrate con una funzione di risposta che
simula gli effetti dello strumento desiderato. Se T,(z) e T, (z) sono la funzione di
trasferimento dell'attuale strumento di registrazione e dello strumento da sintetizzare, e
Y,.(2) e Y,;,(z) sono le trasformate z dei sismogrammi registrati e simulati, rispettivamente, la
procedura di simulazione puo essere descritta come segue:

_ Tsyn(z)

=_3m . =T. - . 9.1
Tacr(z) Yact(z) Tszm(z) Yacr(z) ( )

Ysim (Z)

o

gt »
Nwas?
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Tsyn (Z)

Ysim(z) - T _(2) . Yact(z) = Tsim(z) 'Yacr(z)
act
Recorded Seismogram s« Simulation Filter —  Simulated Seismogram
Voer (2) Ty (2) Y im (D)
« « « *
g 2 g
- >
log f log f log f
T4 @) Ty (2)
La simulazione di sismografi digitali. Il filtro di simulazione puo essere pensato come una

combinazione di un filtro inverso per il sistema di registrazione utilizzato e un filtro di sintesi
per il sistema di registrazione simulato. Sono mostrato schizzi schematici delle funzioni di
risposta in frequenza di ampiezza dei sottosistemi che contribuiscono.
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Registrazione dello spettro di spostamento di una sorgente di terremoto idealizzata.

source spectrum % recording system

A

A

log £

-

A

recorded spectrum

log f

P

Sewast
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recorded spectrum %  inverse filter —  source spectrum

A A A

log £ log f log f

Ripristino dello spettro sorgente mediante filtro inverso nel caso privo di rumore

P

s
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‘noisy’ spectrum % inverse filter ¥ —  ‘noisy’ source spectrum

noise amplification

noise
%k
. ~ +—
. . valid frequenc
' : bang Y'.
- - e
log f log f log £

Amplificazione del rumore mediante filtro inverso. La linea continua nel pannello di sinistra
mostra il segnale piu il rumore mentre il segnale privo di rumore e mostrato dalla linea
tratteggiata.
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Mappatura del rumore di deconvoluzione nel sistema simulato. a) La banda passante dello
strumento simulato rientra pienamente nella banda di frequenza valida. b) La banda passante
dello strumento simulato va parte al di fuori della banda di frequenza valida. Da qui il rumore
di deconvoluzione viene mappato nel sistema simulato.

noise amplification

W\

+—>
valid frequency
band
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log f
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log £

-

log f
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log f
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Sismo
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Trigger

e A soglia: il trigger viene attivato quando
I'ampiezza del segnale supera una predefinita
soglia

e RMS (root-mean-square): viene considerata
I'ampiezza del segnale in una breve finestra
temporale al posto dell'ampiezza istantanea.

e STA/LTA: viene considerato il rapporto della
media del segnale relativo ad una finestra
temporale corta (STA, short time average)
rispetto ad una finestra temporale lunga (LTA,
long time average).
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STA - short time average
LTA — long time average

PEM — Pre-event time
PET - post event time
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STA — short time average PEM - Pre-event time

LTA — long time average PET - post event time
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STA —short time average

PEM - Pre-event time

LTA — long time average PET - post event time
w 107"
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e durata finestra STA

e durata finestra LTA

e valore della soglia di trigger del rapporto STA/LTA

e valore della soglia di detrigger del rapporto STA/LTA

e filtri del trigger

e durata della finestra pre-evento (PEM)
e durata della finestra post-evento (PET)
e schema della dichiarazione del trigger
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: Channel Parameters x|

Edit Channel: << Fleviuusl 1 ‘-'l Mext >> | ID: [CH1
— Senzor Properties:

Type: 1g FBA [a) Full Scale: 25

Senal R0810 D amping: 0.6600

Htuleisr S ensitivity: 2.500 Volt(s]

Gain: 1 Matural Frequency: 51.1 Hz
Cal Coil Sensitivity: 0.0500 gfv
Hange Code: 3
Sensor Gain: 0

—Sensor Relative Position

Morth: East: Up: Altitude: Azimuth: Alarm Trnigger:
0 0 0 0 ] 0.0200 |=F5
— Ewent Trnigger: -
Filter: STA Length [sec): STA/LTA Trng. Hatio: Threshold Tngger:
Classic Stror > || | 1.0 | - 4 | - 0.010 ZF5
Type: LTA Length [sec): S5TA/LTA Detnig. Hatio: Threshold Detrigger:
THRESHOLL =| |G0 40% 0.005 #F5

THRESHOLD — —
STA/LTA [ P 4 /oK | Eancell
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: Stream Parameters

Stream Properties

Pre-event Time: EE

2eC.

Pozt-event Time: (60

2eC.

Min Bun Time: 10

FeC.

Stream Trigger Sources and Weights

Ch1: |1 Ch 7:
Ch2: |1 Ch 8:
Ch 3 (1 Ch 9:
Ch4: (1 Ch 10:
Ch5: (1 Ch11:
Ch 6: (1 Ch12:

1 Ch 13:
1 Ch 14:
1 Ch 15:
1 Ch 16:
1 Ch17:
1 Ch 18:
PR

Primary Storage:

Secondary Storage:

Sampling Hate:

Final Anti-Alias Filter:

PCMCIA A:

PCMLCIA A:

200

Causzal

RN KN (KN E

Metwork: |1

Keyboard: |1

External: |1

Weight:

Detrigger 3

Weight:

Trigger 3

v/ ok

x:anc:el

15

Zps

T otal Weight:
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segnale ingresso segnale uscita

Filtro passa alto — Butterworth 2 poli

Filtro passa dasso — Butterworth 2 poli

STA LTA

* rapporto
I
+ soglia

STA > LTA * rapporto + soglia

confronto
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