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Unarg Ol:)crations Module

The commands in this module Pemcorm some
arithmetic oPeration on each data Point of the
s@@akhﬂmemoq}

add abs
sub log,1logl0
mul exp,expl0
div int
sqr dif

sgrt



Read in some data — do some Processing

SAC> read ./ccm_solomon*bh?

SAC> pl
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Low pass filter it

SAC> 1lp co .025 npoles 4 passes 2
SAC> pl
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High pass filter it

SAC> r
SAC> hp co 1 npoles 4
SAC> pl
2_ [ [ [ | [ [ [ I [ [ [ I | [ [ | | [ | | [ | | [ ]
- . M BHE -
0r + OCT T4 (2877, TR
o L 15:48:25.615 N
+
= L i
< —A =
I I I I I I I I I I I I I I I I I | I I I l I
N CON - BHN -
0 0CT| 14 (287), 1991
< 15:48:16.265 _
+
S -2 -
T _
5__ I T T | T I T T T I T T T I T T I T T l T T T I l__
i ] - . .. CCM BHZ
— ; OCT T2 (287], " TT
& b 15:4328815 -
= 101 .
}<_15_ | | | | | | | | | | | | | | | | | | | | | | | I | | | | | —]
0 1 7 3 5 5 5 7

X 1043




read cm solomon *z S | | i wr
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Rotate selsmograms

SAC> read *TUL1#¥sac ' | | | |
2010.058.06.42.30.9750.TA.TUL1. .BHN.R.SAC ..
SAC> pl O S
SAC> synch =©-1-
SAC> w TULl.ﬁﬁwaULl.BHE TUL1.BHZ

SAC> cut 0 1800 ' '

TULT  BHE

TULT  BHN 7

SAC> r TUL1.BHN|TUL1.BHE gy w&luu[
SAC> rotate 0 06-44-19/90¢
SAC> 1h i ’
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Signal Correction Module

These commands let you Pemcorm certamn signal
correction operations.

- rmean: removes the mean From clata.

- rtrend: removes linear trend (and mean) from data.



~-rglitches: removes glitches and timing marks.

- taper: a Plies a symmetric taper to each end of the
data and sMooTH applies an arithmetic smoothing
algorithm.

~-linefit: computes the best strai%bt line fit to the data
N memory and writes the results to eacler Hackboard

variables.

- reverse: reverses the order of data Points.



lntegration —to change from acceleration to
Velocitg, and velocitg to displacement.

SAC> r ccm_india .bhz
SAC> gdp off
SAC> plot
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Integrate it (original data was vel, integrate to
clisl:)).

SAC> int
SAC> p
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What is the Problem?

(do you agree that there is a Problem?!)




lntegral of constant is a straight sloping line.

The seismic data has a (smal) DC offset (a
constant).

So remove the mean.

_



SAC>
SAC>
SAC>
SAC>

rmean
int

0006

Trg again.

Graphics Window: 1
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Is this an imProvement’?
Are we getti ngany better?

What’s the Problem NOW?




lntegral of linear fn (line) is a quaclra’tic fn

(Parabola) .

S50 data has a linear trencl - remove trend (line)
From clata

(y=mx+b)
(this will also remove the mean through the

intercept b).




Remove trend (line) with rtrend.

SAC> r
SAC> rtrend

Slope and standard deviation are: -0.038705 0.0037565
Intercept and standard deviation are: -2365.1 15.788
Data standard deviation is: 3010.9

Data correlation coefficient is: 0.026988
SAC> int
SAC> p
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Removing the line will also remove the mean it itis
not zero.

So don’t rea”g need to do the rmean first.




There is still some “drift”, but this seismogram
might be useful for clisplacemeﬂt analgsis.

SAC> r
SAC> rtrend
Slope and standard deviation are: -0.038705 0.0037565
Intercept and standard deviation are: -2365.1 15.788
Data standard deviation is: 3010.9

Data correlation coefficient is: 0.026988
SAC> int
SAC> r more

SAC> pl
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Big Problcms with "baseline” dritt when trying to
integrate acceleration UP to clisplaccmeﬂt to when
trging to obtain/estimate co-seismic static

displacement.
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Differentiation - defaultis 2 Point difference
y=(x1-x0)/delta.

sac> funcgen impulse delta 0.01 npts 100
sac> dif
sac> p
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Differentiate velocitg to acceleration.

dif
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E)inarg OPerations Module

These commands Pemcorm oPerations on Pairs of
clata ﬁlcs.

-merge: merges (concatenates) a set of files to the data
in memory.




Binarg OPerations Module
- addf: Aclcls a set o1C cla’ca ﬁ!es to cla‘ca N memory.
READ FILE]1l FILEZ2
ADDF FILE3 FILE4

READ FILEl FILE2Z FILE3
ADDF FILE4

- subf: subtracts a set o{t clata ﬁles From the ones in
memory.



~-mulf: multiplies the data in memory bg a set of data
files.

_divf: divides the data in memory bg a set of files.

~-binoperr: controls errors that can occur cluring these
binarg oPerations. Can use to override the requirement
for the same number of Points and/or the same sampling
interval.



sac>
sac>
sac>
sac>
sac>
sac>

funcgen impulse delta 0.01 npts 100

w impulsel.sac
div 2

w impulse2.sac
r impulsel.sac

addf |impulse2.sac
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sac> funcgen sine 10 90 delta 0.01 npts

100
sac> p
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More

- stretch: uPsampies data. inclucling an o[:)tionai
interpolating FIR filter.

- decimate: ciownsamples data. inciucﬂing an oPtional
anti~a|iasing FIR filter.

- lnterpolate: interpolate evenig or uneven|9 sPaceci
data to a new sampling interval using the interPolate
command.



More

- quantize: converts continuous data into its c]uantizecl
equivalent.

- rotate: Pairs cnc clata comPonents through a sPeciﬁed
angle.

- rq: removes the seismic Q factor from spcd:ral data.



sac> r IT.AAK.0O0.BHN.Q.SAC II.AAK.

00.BHE.Q.SAC
sac> pl

sac> rotate to gcp normal
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Spectral Analgsis Module

There is a set of Infinite lmpulse Response (IR)
ﬁlters.

lowpass (1lp) passes signal below a high
corner cutoft.

highpass (hp) passes sgignal above a low
corner cutoff).



bandpass (bp) pass signal within the low and
hig}w corner cutofts.

bandrej (br) band reject filter does the
OPPosite of a banclpass.



These recursive digital filters are all based upon
classical analog designs

Butterworth: a goocJ choice for most
al:)l:)lications, since it has a Fairlg sharl:) transition
from pass band to stoP bancl) and its roup delag

(Phase) response is moderate. This is the

default.

Bessel: best for those aPPIications which
require linear Phase without two~Pass ﬁltering.
It's amplituclc response 1s not very goocl however.



Chebyshev type I & Chebyshev type II:

for situations which require very rapid transitions

from pass band to stoP band.

Does horrible things to the Phase.



The Butterworth filter rolls off more slowlg
around the cutotf frequence than the Cheb?she\/
filter or the E:”iptic ﬁlter,T)ut without riPP e.

Butterworth Chebyshev type 1

1 1
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Chebyshev type 2 Elliptic




The Butterworth flter is relativelg nice with the
Phase.
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The Butterworth and Bessel are the easiest

to set u

BANDPASS {BUTTER|BESSEL|C1|C2}, {CORNERS vl v2},{NPOLES n}, {PASSES
n}, {TRANBW v}, {ATTEN v}

C T T
funcgen seismogram - o0
- MAR 29 (088), 1981 —
L 10:.38:14.000
A T
i i
rmean i IPDO F ﬁ
taper R | E—
bp butter co 1 3 |
B KH108838
o4l oV Q |
oo e PR | s o o
using derauit values | |
num Poles (n) 2 -
AT ‘lpDO. A L B R R F| - ﬁ




sac> hp butter co .2
sac> xlim t1 -120 800
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sac> funcgen seismogram . Co R o —

sac> bp butter co 1 3 ol %W? |
T MAR 29 (088), 1981 |
L 101:38:14.000 i
0.2— —
0.0 \/¥ /\/\/\/ —
-0.2— —
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sac> rmean oo
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sac> taper
sac> bp bessel co 1 3 n 1l p 2
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Other filters

Finite lmPulse Response filter (FIR).

Aclaptive Wiener filter.

(It tailors itself to be the “best Possiblc filter” for a given datasct.) )

Two sPecializecl filters
(BENIOFF & KHRONHITE).

(lowPass filteris a cligital aPProximation of an analog filter which was a cascade of two
fourth-order Butterworth lowpass filters. This lowl:)ass filter has been used with a corner
Frequencg of 0.1 Hz to enhance measurements of the amPIitucies of the fundamental
mode Ragleigh wave (Rg) at regional distances.)



Instrument Correction Module.

This module currentlg contains onlg one
commancl,

transfer.

transfer: Pemcorms a cleconvolution to remove
one instrument response followed a convolution
to applg another instrument response.

>4-0O Predcﬁnecl instrument responses available.

A general instrument response can also bc
sPeciﬁecl in terms of its Poles and zeros.



‘ T
Kg108838
v Q( )
MAR 29 (0&8), 1981
funcgen seismogram o 103814000

transfer to wa I |
o AN A o -

-
& -4 PDO F E
> | | | 1 1 ‘ 1 1 | ‘ 1 1 1 | 1 1 1 ‘ 1 1 1

Usua”g you WOUICI remove tlne known iNnstrument
response using ‘transfer from XXX’.

Whg woulcl you want to remove t]*:e instrument
response and applg the response for a Wood-
Anderson torsion seismometer?



L et’s say gou’vc downloaded some data from
IRIS, unPackecl the seed volume usin rdseed,

and extracted the resl:)onse les.
(RESP.NET.STA.LOC.CHAN)

transter can read seed response files
(evalresp) and transform Velocitg to
displacement (none).

r BJT*

rtrend

rmean

transfer from evalresp to none



SPectral Analgsis Module (saMm):
Spectral /Fourier Transform analgsis.

You can do a discrete Fourier transform
fft
and an inverse Fourier transform
1fft

You can also compute t]ﬁc amplitucle ancl

/

unwrapped ~hase of a sglgnal (“unwrap”}. This

IS an implementation of the algorithm due to
Tribolet.




The fft and
unwrap
commancls Procluce spectral clata N memory.

You can Plot this sPcctral clata

plotsp




You can write it to disk as
writesp
and
read in back in again
readsp

You have to |<now the clata/ ﬁle IS spectral clata.
SAC will not ﬁgure it out.



You can also Pemcorm
- integration with
divomega
and
- differentiation with

mulomega

. cﬂirecﬂg in the Frec]uencg domain. -



sac> funcgen seismogram

sac> fft
sac> plotsp

Plots
zﬂqﬂﬁude

Then the
Phasezﬁ%er
a <CR>
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SPECTROGRAM

(DEFAULT VALUES: SPECTROGRAM WINDOW 2, SLICE 1, METHOD MEM, ORDER
100, NOSCALING, YMIN 0, YMAX FNYQUIST, COLOR)

sac> funcgen seismogram

sac> spectrogram ymin 0 ymax 20

Window size: 200 Overlap: 100 FFT size: 512
Spectrogram dimensions are 512 by 9 .
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SAC> help spectrogram

SAC Command Reference Manual SPECTROGRAM

SUMMARY :
Calculate a spectrogram using all of the data in memory.

SYNTAX:
SPECTROGRAM options
where options are one or more of the following:

WINDOW v
SLICE v

ORDER n

CBAR {ON|OFF}

{SQRT | NLOG | LOG10 | NOSCALING}
YMIN v

YMAX v

METHOD {PDS|MEM|MLM}
{COLOR|GRAY}

PRINT {pname}

INPUT:
WINDOW v : Set the sliding data window length in seconds to v. This
window length determines the size of the fft.

SLICE v : Set the data slice interval in seconds to v. A single
spectrogram line is produced for each slice interval.

ORDER n : Specifies the number of points in the autocorrelation
function used to compute the spectral estimate.

CBAR {ON|OFF} : Turn reference color bar on or off.

{SORT |NLOG |LOG10 |[NOSCALING} : Specify natural log, log base 10, or
square root scaling of amplitudes.

YMIN v : Specifies the minimum frequency to plot.
YMAX v : Specifies the maximum frequency to plot.
METHOD {PDS|MEM|MLM} : Specifies the type of spectral estimator used.

MLM stands for maximum likelihood and MEM stands for maximum
entropy spectral estimators, respectively. See description and
references below.

{COLOR|GRAY} : Specifies a color or grayscale image.
PRINT {pname} : Prints the resulting plot to the printer named in

pname, or to the default printer if pname is not used. (This
makes use of the SGF capability.)

ICE 1 METHOD MEM ORDER 100 NOSCALING YMIN 0 YMAX

SR L R




