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1. UTCDateTime (HSEAnurt HEEE)

P

ObsPy F I 4TI [E){E 35 B UTCDateTime 2K —EACTE . KNS 5 M e 3 T ks
POSIX B [6]#K, 1A /& Python datetime 5.

1) #IEE4k:

from obspy.core import UTCDateTime
UTCDateTime(
UTCDateTime(2012, 9, 7, 12, 15)
UTCDateTime(2012, 9, 7, 12, 15, @)
UTCDateTime(2012, 9, 7, 12, 15)
UTCDateTime(1347020100.0)
UTCDateTime(2012, 9, 7, 12, 15)
ZHRUE DL T AT AL O XA, HJE SR B kg X
UTCDateTime(
UTCDateTime(2012, 9, 7, 10, 15)

2) RiEVIIH

time = UTCDateTime(
time.year

012
time.julday

>~ from obspy.core import UTCDateTime |
uTCDateTime(2012, 9, 7, 12, 15) |
>>> UTCDateTime(2012, 9, 7, 12, 15, ) |
UTCDateTime(2012, 9, 7, 12, 15) |
>>> UTCDateTime(1347020100.) |
UTCDateTime(2012, 9, 7, 12,15) |

“

time.timestamp
1347020100.0
time.weekday

H N N
931
=
~

3) ALEERRHZE

time = UTCDateTime(
print(time + 3600)
2012-09-07T13:15:00.000000Z

time2 = UTCDateTime(2012, 1, 1)
print(time - time2)
21644100.0
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2. Reading Seismograms GEEUGEEEEE)

obspy A LK %Rk s BHE  (f5l4n SAC, MiniSEED, GSE2, SETSAN, Q %5) fiiff]
read O BREEIXTH S AP Stream X R,
Stream KMBA— M Z A Trace XTG4 I 8] BRI SE S 8] PP 51 RITAH SG IRXT Gk/ 08 8D
SR 71

£~ Trace X R EA — A% 0 data FIJEM:, ST SEBRES [ 7 #0) NumPy ndarray, LA
M stats JgPE.(Stats X H & — MG T o3 B 7, )Stats ) starttime fl endtime
WHLE UTCDateTime X5t

DA 798 7 G AT K A GSE2 A 2N H = B SCAFE A ObsPy Stream 1. #E45 7€ ()Y
Rl R — Trace:

from obspy import read

0n
—+

=
M
Q
Q.
—~
~

print(st)
1 Trace(s) in Stream
.RJOB. .Z 2005-10-06T07:21:59.8499987 2005-10
06TO7:24:59.8449987 200.0 Hz, 36000 samples
len(st)

tr = st[0]

print(tr)
.RJOB. .Z 2005-10-06T07:21:59.8499987 2005-10
06TO7:24:59.8449987 200.0 Hz, 36000 samples

1) YiEEER
FEA Trace ST stats SCHEMHOR SEHCR GHASIBRIILEIRIVEIR 177

I‘Eﬂ H

location

starttime: 2005-10-06T07:21:59.849998Z7

endtime: 2005-10-06T07:24:59.844998Z7

delta: 0.005

gse2: AttribDict({’instype’: ° ’, ’datatype’: °CM6’, ’hang’
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=

.0, “auxid’
tr.stats.station
°RJOB’

tr.stats.gse2.datatype
’CM6°

2) ViR TEERE

FEREAS Trace W] LB data SR Sk BRig T EHE #HATR R -

tr.data
array([-38, 12, -4

tr.data[9:3]
array([-38, 12, -4])

'

o}
e
g

=
w

len(tr)
36000
3) FAEWE
Stream Xf R IRAE T — A T HE TG IR E A plot O 7L (752 obspy. imaging #H).

st.plot()

3. Waveform Plotting Tutorial (JEH2%])

ZHRE P AP ATF K obspy  Stream X %: — AR AAE A Trace H
singlechannel, A—PMREE=0EWEEIER threechannel
from obspy.core import read
singlechannel
read(’https://examples.obspy.org/COP.BHZ.DK.26009.050°)
print(singlechannel)
Trace(s) in Stream
DK.COP. .BHZ 2009-02-19T00:00:00.025100Z 2009-02
19T23:59:59.975100Z 20.0 Hz, 1728000 samples
threechannels
read(’https://examples.obspy.org/COP.BHE.DK.2009.050°)
threechannels
read(’https://examples.obspy.org/COP.BHN.DK.2009.050°)
threechannels
read(’https://examples.obspy.org/COP.BHZ.DK.2009.050°)
print(threechannels)
3 Trace(s) in Stream



https://docs.obspy.org/master/tutorial/code_snippets/waveform_plotting_tutorial.html

DK.COP. .BHE 2009-02-19T00:00:00.035100Z 2009-02
19T23:59:59.985100Z 20.0 Hz, 1728000 samples
DK.COP. .BHN 2009-02-19T00:00:00.025100Z 2009-02

19T23:59:59.975100Z 20.0 Hz, 1728000 samples
DK.COP. .BHZ 2009-02-19T00:00:00.025100Z 2009-02
19T23:59:59.975100Z 20.0 Hz, 1728000 samples

1) BALH]

i Stream XFRH plot O JHER/REIR. ZEURIIERIN KN 800+250 B & . W]
i size BB KN,
singlechannel.plot()

2) BNl

NIRRT e R BRI AR 2 BE AR 4 X A DA S R T BE RN 5 TR T
A SN E R 2% plot O HIERIHRY.

dt =singlechannel[0].stats.starttime

.plot( ’red’, number_of ticks-=7

tick_rotation=5, tick_format="%I:”M %p’
starttime=dt + 60*60, endtime=dt + 60*60 + 120)

3) RERE

G T LUEN outfile Z2HEURMARI ARG . U RGEL SCFER AR,
#1: png. pdf. ps. eps fl svg.

singlechannel.plot( ’singlechannel.png’)

4) eHZEEEE

W Stream X ZH AL LA Trace, TS Trace HA] LATE[E— N NP E A& ER.
A Trace MIFFURAISE SRS () R FF—20, H y FVEREIASE . B In— KBS AR 1 45 4l
250 18 %, SHIHEIS A size J@ Ik B BlE G KN .

threechannels.plot( (800, 600))
5) f1J# One-Day B{&

— KK Trace FE AT LB W E type %0 “dayplot” BT EIR:

singlechannel.plot( ’dayplot”’)

FAHE R R LR SRR CEIRVEDRE, AT RE TR



from obspy import read
st
read(
st.filter(
st.plot(

. vertical _scaling range-=5e3, one_tick _per_line=True
. color=[’k’, ’r’, ’b’, ’g’], show_y UTC label-False
. events={’min_magnitude’: 6.5})

6) &Ml —BitZF

24 Stream PR —Bid 5 AT U B & type ZHUN “section”:

stream.plot( ’section”’)

Obspy 3k trace.stats.distance(offset) o fif & 21 N K , B¢ #F Hb B 7 &
trace. stats. coordinates. latitude & trace. stats. coordinates. longitude W27 & X
(InHRiZ35 B 558 ev coord —iE AR FE 2| (dist degree = True)). HEL[EES%
plot ),

7) BB

TR — Lo ST AR R RIS . BT AT RIE 2% plot O Jiik.

8) f# Matplotlib B & X £ &

AR N XA 2B 5 Frs, {8 matplotlib A LAREAT H & 2

import matplotlib.pyplot as plt

rom obspy import read

st = read()

st[9]

i plt.figure()
ax = fig.add_subplot(1, 1, 1)
ax.plot(tr.times( ), tr.data
ax.xaxis_date()

ig.autofmt_xdate()

plt.show()

g

4. Retrieving Data from Data Centers (IO EBER)

PS: LR /4R M 1A obspy N EEE MHERE T 30, B i T L A web IR ST EAS
Wi HT AL, T A S BT REA TR
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Note: #5H ILHIRL AN T #BE A sl HAF o . 28O0 T IRAR AT LU 21
obspy. clients. fdsn 8. &S RFfAEER A S (8 I Bof i Bdlaps o BAR AT DLk
FARRIBE, ERFHRIREDA AR R,

1) FDSN P& R 4%

FLTlt FDSN [ 44 i) 45
Table 1
QNEk e iESith 1%
Waveforms MiniSEED and optionally others
Station Information StationXML and Text
Event Information QuakeML and Text

Note: FFAEPTABIEHA X =MHdnts s, R2 Rt —spiFh.

WA AR T I B R B FAE U E R, RIBA T RE A 2] obspy. clients. fdsn Bk, &
A DLMATATT — AN T FDSN I 28 (19 040 A O 7 [ 37 SR B0HE I 55 o 7 191 80040 A 0o B0
IRIS/ORFEUS/INGV/ETH/GFZ/RESIE/. . . « —/™ 5 tH [P IL A A2 o3k [m] Py 5040 45 FH S5 (%) vl
T AR B E A
FDSN Routing %45 Ik 5%

WEARARANE FE A EAR LA dE, RaT LAMEH Obspy SCHRFHIBL R routing
M55 i —Fh:

1.The IRIS Federator.

2. The EIDAWS Routing Service.

B2 A 7] LA % obspy.clients.fdsn B3 )35 B o
FDSN T #k#s:

W ARAR TR EE N — SR O N EORE AR, obspy #2141t T Mass downloader. ill1,
o n] DURE 5 1 31 X gt 2 A2, ObsPy K T 8 T A B () foAB 8, IR AR B o BE 11 A 2
YNk chilliok e IR TR I

2) Arclink
Table 2
Al HE R [
Waveforms MiniSEED , SEED
Station Information Dataless SEED, SEED

ArcLink s&—p oA B a1 R WM 77T 19 MiniSEED F1 SEED 4% 3 2 5040 5t
KEETCIE BB TCEA ) SEED . #RAT LAE obspy. clients. arclink fE7 N EIDA 15
B, [ A LUEH obspy. clients. fdsn BERBEIT 5]



3) IRIS PI4& AR %%

IRIS P& AR S5 & S A B R AR 3. IRIS (/E N FDSN W25 AR 55 R4 78 ) $RAL 2 Fh
% Web filt%% . Obspy 7E obspy. clients. iris AR #R4E T —8e8 1, IR E SAC K
RV B RESP A% M NAS 2, IEME AR, SR O AR R, 1
obspy. clients. fdsn ki K & A [FME B StationXML # .

Table 3
IRIS P& R 55 2[5 (1) obspy f5iHR
obspy.clients.iris.client.Client.traveltime() obspy.taup
obspy.clients.iris.client.Client.distaz() obspy.geodetics
obspy.clients.iris.client.Client.flinnengdahl() obspy.geodetics.flinengdahl.FlinnEngdahl

4) Earthworm Wave AR%%

Table 4
Al HE R [
Waveforms Custom Format

1§ ] obspy.clients.earthworm #51)7 1] Earthmorm Z 4t 44 .

5) NERIES M4& AR5

FEPEH obspy. clients. fdsn FEHLBEAT 15 7]

6) NEIC
Table 5
Al FHE s R e
Waveforms MiniSEED

EGEEIR (CWB) 22— M4 NEIC “Edge” £ 4t kb F () Hh 72 8 T 048 A7 2 o
1§ [ obspy. clients. neic R m) Hif SR EHE .

7) Syngine AR%%

Table 6
A FH A 2R G
Waveforms MiniSEED and zipped SAC files

L. obspy. clients. syngine



5. Filtering Seismograms (JE¥)

AN A R 1 tfep il — MR AC R BT I . AR — N AR ARE (1Hz) JEJK
AR AT o
TR v, R, (R0, il
import numpy ads np
import matplotlib.pyplot as plt
import obspy

i

V)]
—+

|+ ~+ (@]
) o

0n

©

~ I

e

D

Q

Q.

~

st[9]

r_filt = tr.copy()

r_filt.filter(’lowpass’, freq-1.0, corners=2, zerophase=True)

np.arange(@, tr.stats.npts tr.stats.sampling_rate

r.stats.delta)

1t.subplot(211)
plt.plot(t, tr.data, °’k’)
lt.ylabel(’Raw Data’)
1t.subplot(212)

lt.plot(t, tr filt.data, ’k’)
1t.ylabel(’ Lowpassed Data’)
lt.xlabel(’Time [s]’)
lt.suptitle(tr.stats.starttime)
1t.show()

“

©

6. Downsampling Seismograms (TF3XkE)

N A R T T R G AT TR A . H AT SRR SRR SR A . AR
TR H, WZE T RAE R R S AT I S8 AT P AR B 1 HUER, ) 1 i i ok
FRFEEAR . NG E S ERICFE AR Trace ] trace. stats. processing . iF7E = Ab
BIFLAIMIARAL, POABRINGE DL B BB A AN & AR 2R A o 3 ] LId T2 S H FAH I8
BEERHAE T T RAE IS B 308k % (no filter = True).
import numpy as np
import matplotlib.pyplot as plt
import obspy
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0n

+ (@)
) S|t

0n

©

~— I\

-

M

[«})]

Q.

~

+

r_new = tr.copy()
r_new.decimate(

r_filt = tr.copy()
tr_filt.filter(’lowpass’, freq-0.4 * tr.stats.sampling rate

np.arange(9, tr.stats.npts tr.stats.sampling rate

r.stats.delta)

_hew np.arange(9, tr_new.stats.npts
r_new.stats.sampling rate,tr_new.stats.delta)
lt.plot(t, tr.data, ’k’, label-=’Raw’, alpha=0.3)
plt.plot(t, tr_filt.data, ’b’, label-’Lowpassed’, alpha=0.7)
plt.plot(t_new, tr_new.data, ’r’
abel-=’Lowpassed/Downsampled’, alpha=0.7)
plt.xlabel(’Time [s]’)
1t.x1im(82, 83.5)
lt.suptitle(tr.stats.starttime)

1t.legend()
plt.show()

‘

©

7. Merging Seismograms (&3F)

NHEFE TR T WS IR R 2R A E SRR E, BRIy B
WHZ 0 merge O JVEMSCRY .
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import numpy as np

import matplotlib.pyplot as plt

import obspy

st = obspy.read( )
st

obspy.read( )
obspy.read( )

st.sort([’starttime’])

dt = st[@].stats.starttime.timestamp

dt,st[i].stats.endtime.timestamp - dt,st[i].stats.npts)
plt.plot(t, st[i].data)

st.merge( 1)

plt.subplot(4, 1, 4 ax)
np.linspace(st[@].stats.starttime.timestamp

st[0].stats.endtime.timestamp - dt

st[@].stats.npts)

plt.plot(t, st[@].data, ’r’)

plt.show()

8. Beamforming - FK Analysis (FK4#1)

THARES IR T anf{E A obspy 4T FK 43 #r. IXLEEGHERE oeee

PATNH FHE B AT array processing()

® EMEMSEIA-3.0: 3.0s/km, S s1_s=0.03

WK 1s, 25K 0.05

Hm2eid 178Hz W)@ ek, AMEHmAk

semb thres fll vel thres B NTLH /MIEFE, FEFEH.

I [A] 8K timestamp BN “mlabday” Al DL FRAT T 2 IR PP B e B

stime fll etime TE N UTCDate Time #&

iy AP ARETE out .

TR R T g dilda o IAEA array processing O fiH#) out, BRME T
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IR AR DI aXiDha. R ENMEEZR) numpy ndarray. (ARAHXSTIH.
import matplotlib.pyplot as plt
import matplotlib.dates as mdates

import obspy

from obspy.core.util import AttribDict

from obspy.imaging.cm import obspy_sequential

from obspy.signal.invsim import corn_freq_2_paz

from obspy.signal.array_analysis import array_processing

obspy.read(

st[@].stats.paz = AttribDict({
[(-0.03736 - 0.03617]), (-0.03736 + 0.036177j)]
[e], @]j]
205479446.68601453
1.0})
.stats.coordinates = AttribDict({
48.108589
0.450000
11.582967})

.stats.paz = AttribDict({
[(-0.03736 - 0.03617j), (-0.03736 + 0.036177)]
[6], @]]
205479446.68601453
1.0})
.stats.coordinates = AttribDict({
48.108192
0.450000
11.583120})

.stats.paz = AttribDict({
[(-0.03736 - 0.03617]), (-0.03736 + 0.036177)]
[0], @]
250000000.0

1.0})
.stats.coordinates = AttribDict({

48.108692
0.450000
11.583414})




.stats.paz = AttribDict({
[(-4.39823 + 4.487097), (-4.39823 - 4.487097)]
[0], @]]
222222228.10910088
1.0})
.stats.coordinates = AttribDict({
48.108456
0.450000
11.583049})

.stats.paz = AttribDict({
[(-4.39823 + 4.487097), (-4.39823 - 4.487097), (
0j)]
[0], @], @]j]
222222228.10910088
1.0})
.stats.coordinates = AttribDict({
48.108730
0.450000
11.583157})

pazlhz = corn_freq_2 paz(1.90
st.simulate(

stime = obspy.UTCDateTime(
etime = obspy.UTCDateTime(
kwargs = dict(

3.0

1e9
stime etime

)

out = array_processing(st kwargs)




“

xlocator = mdates.AutoDatelLocator()
i plt.figure()
or i, lab in enumerate(labels)
ax = fig.add_subplot(4, 1, i + 1)
ax.scatter(out[:, 9], out[ i+ 1] out[ 1]
obspy_sequential)

-+
-
0Q

ax.set_ylabel(lab)

ax.set_xlim(out[©, @], out[-1, @])

ax.set_ylim(out[ i+ 1].min(), out[ i+ 1].max())
ax.xaxis.set_major_locator(xlocator)

P
(W)
(o)}

ax.xaxis.set_major_formatter(mdates.AutoDateFormatter(xlocator

"
N

fig.suptitle(
stime.strftime(
fig.autofmt_xdate()
ig.subplots_adjust(

N

N

N
-~

) )

1t.show()
AGFA skyscraper blasting in Munich 2008-02-17
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import numpy as np

import matplotlib.pyplot as plt

from matplotlib.colorbar import ColorbarBase
from matplotlib.colors import Normalize

import obspy

from obspy.core.util import AttribDict

from obspy.imaging.cm import obspy_sequential

from obspy.signal.invsim import corn_freq_2_paz

from obspy.signal.array_analysis import array_processing

obspy.read(

st[@].stats.paz = AttribDict({
[(-0.03736 - 0.03617]), (-0.03736 + 0.036177)]
[e], @]j]
205479446.68601453
1.0})
.stats.coordinates = AttribDict({
48.108589
0.450000
11.582967})

.paz = AttribDict({
[(-0.03736 - 0.03617]), (-0.03736 + 0.036177j)]
[0], @]]
205479446.68601453

1.0})
.stats.coordinates = AttribDict({

48.108192
0.450000
11.583120})

.stats.paz = AttribDict({
[(-0.03736 - 0.03617]), (-0.03736 + 0.036177)]
[0], @]
250000000.0

1.0})
.coordinates = AttribDict({

48.108692
0.450000




11.583414})

.stats.paz = AttribDict({
[(-4.39823 + 4.487097), (-4.39823 - 4.487097)]
[0], @]]
222222228.10910088
1.0})
.stats.coordinates = AttribDict({
48.108456
0.450000
11.583049})

stats.paz = AttribDict({
[(-4.39823 + 4.487097), (-4.39823 - 4.487097), (
0j)]
[0], @], @]j]
222222228.10910088
1.0})
.stats.coordinates = AttribDict({
48.108730
0.450000
11.583157})

pazlhz = corn_freq_2 paz(1.90
st.simulate(

kwargs = dict(

3.0

1e9
obspy.UTCDateTime(
obspy.UTCDateTime(

)

out = array_processing(st kwargs)




cmap = obspy sequential

t, rel_power, abs_power, baz, slow = out.T

baz[baz < 0.0] 360

36

N2 30

abins = np.arange(N + 1) 360.

sbins = np.linspace(9, 3, N2 + 1)

hist, baz_edges, sl edges \

np.histogram2d(baz, slow [abins, sbins]

rel power)

baz_edges = np.radians(baz_edges)

fig = plt.figure( (8, 8))

cax = fig.add axes([©.85, ©.2, 0.05, 0.5])

ax = fig.add _axes([©.10, 0.1, ©0.70, 0.7]

ax.set_theta_direction(-1)

ax.set_theta_zero_location( )

dh = abs(sl_edges[1] sl edges[©@])

dw = abs(baz_edges[1] baz_edges[9])

for i, row in enumerate(hist)

bars = ax.bar( (1 * dw) np.ones(N2)

dh * np.ones(N2)

dw dh * np.arange(N2)

cmap(row / hist.max()))

ax.set_xticks(np.linspace(9, 2 * np.pi, 4

ax.set xticklabels(] 1)




ax.set_ylim(o, 3)

[i.set_color( ) for i in ax.get_yticklabels()]
ColorbarBase(cax

Normalize( hist.min() hist.max()))

plt.show()

9. Seismogram Envelopes ({Z28%)

PN BAIAS o dn e i g R B R L S R AE T B R A AR
B (173Hz) HEATIE . SRREATHH R MBI IS Trace —ELH.



https://docs.obspy.org/master/tutorial/code_snippets/seismogram_envelopes.html

+

o |Wwn
G
0n
©
~— I\
S
()
[«})]
Q.
~
=
w
N

Q.

ata = st[@9].data
npts = st[@].stats.npts
samprate = st[0].stats.sampling rate

st_filt = st.copy()
st_filt.filter(
True)

data_envelope = obspy.signal.filter.envelope(st _filt[©].data)

+

np.arange(9, npts / samprate, 1 / samprate)

lt.plot(t, st _filt[©].data )
lt.plot(t, data_envelope
lt.title(st[@].stats.starttime)
plt.ylabel(

1t.xlabel(

plt.x1im(86, 90)

plt.show()

©

T |
~

©
~
~
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10. Plotting Spectrograms (2% E)

AR IR T A obspy Stream X R HIAIE E . H A IR 2 ik mE AT BLH €
M, 2% spectrogram () IREEZ 47T, thi, Af DUREBEMITEILIHA matplotlib. crm H
TiiE X BRI T, X B LA 2R

e http://www.physics.ox.ac.uk/users/msshin/science/code/matplotlib cm/

e http://matplotlib.org/examples/color/colormaps reference.html

e https://wiki.scipy.org/Cookbook/Matplotlib/Show colormaps
e 1import obspy

st
obspy.read(

st.spectrogram( True
str(st[@].stats.starttime))


https://docs.obspy.org/master/tutorial/code_snippets/plotting_spectrograms.html
http://www.physics.ox.ac.uk/users/msshin/science/code/matplotlib_cm/
http://matplotlib.org/examples/color/colormaps_reference.html
https://wiki.scipy.org/Cookbook/Matplotlib/Show_colormaps

BW.RJOB 2005-10-06T07:21:59.850000Z

1023
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100;
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11. Trigger/Picker Tutorial (fili% 2% /#5EUR#FE)

HFEF TSR IX B trigger data. zip. F#.

i A B SEPLAN [Wi thers1998]. H Tk . £ [Trnkoczy2012]. SKEX STA / LTA 2875k
REsWEHMESEER. B EMEH obspy FHEMLH Stream. trigger 1 Trace. trigger
VERERTT 1

1) SRR

i) read OO PRI SCAFH] Trace X R
from obspy.core import read
st = read(

st = st.select(
tr = st[9]

Hedm A ] AR E ksl o XN 0P i B R AR Trace W& EME:
Table 7

tr.data Numpy.ndarray

tr.stats (PN SN e VNI
tr.stats.sampling_rate KRFER

tr.stats.npts KRR

NHEIE T TR SEERE R, R T AR R


https://docs.obspy.org/master/tutorial/code_snippets/trigger_tutorial.html
https://examples.obspy.org/trigger_data.zip
http://docs.obspy.org/citations.html#withers1998
http://docs.obspy.org/citations.html#trnkoczy2012

print(tr.stats)
network
station: EVO_6
location
channel: EHZ
starttime: 1970-01-01T01:00:00.000000Z
endtime: 1970-01-01T01:00:59.995000Z

sampling rate: 200.0
delta: 0.005
npts: 12000
calib: 1.0
_format: GSE2
gse2: AttribDict({
0.0

1.0})

ffH Trace X4 plot () Jrikgtil:

tr.plot( )

Time in seconds relative to 1970-01-01T01:00:00

900 1 [Evo 6..EHZ

600
300

0 —N\.‘ e
=300 1

—600

2) ATHAE

TEESEE GG, BATAT LGB LA s 1845 obspy. signal. trigger H5E ST LA T fiil

RAGIFE:

Table 8
recursive_sta_lta(a, nsta, nlta) 15 STA / LTA
carl_sta_trig(a, nsta, nlta, ratio, quiet) 5 carlSTAtrig HFAF R £
classic_sta_lta(a, nsta, nlta) i+ HEARUE STA / LTA
delayed_sta_lta(a, nsta, nlta) JEIR [ STA / LTA
z_detect(a, nsta) Z Fa i as
pk_baer(reltrc, samp_int, tdownmaky, ...) P_picker fu.%%

ar_pick(a, b, c, samp_rate, f1, 2, Ita_p, ...)

i Fl AR-AIC + STA / LTA S5yE4a0 P A1 S fB)IE

BEAS BB BIAE B A HTML K 305 B BGE 7 1 Python J7 AT -




from obspy.signal.trigger import classic_sta_lta

help(classic_sta_lta)

BEEMA S E LRI PR 1) THERHIE PR 2 2) IRUE R PR B (B B B picks

fith A B 5

P B, B I A Y Y iy 40
from obspy.core import read
from obspy.signal.trigger import plot_trigger

3)

trace

read(

)[@]

df = trace.stats.sampling rate

a) HLE STA/LTA

from obspy.signal.trigger import classic_sta_lta

cft
f))

classic_sta_lta(trace.data, int(5 * df), int(190

plot_trigger(trace, cft, 1.5, 0.5)

.EV0 6..EHZ
1000 1 = Trigger On
500 - — Trigger Off
0~ v
—500 A
0 10 20 30 40 50 60

0 10 20 30 40 50 60

Time after 1970-01-01T01:00:00 [s]




b) Z /A
from obspy.signal.trigger import z_detect

cft = z_detect(trace.data, int(10 * df))
plot_trigger(trace, cft, -0.4, -0.3)

.EV0_6..EHZ
10001 —— Trigger On
500 4 — Trigger Off
0 - v
—500 4
0 10 20 30 40 50 60

0 10 20 30 40 50 60
Time after 1970-01-01T01:00:00 [s]

c) %3 STA/LTA
from obspy.signal.trigger import recursive_sta lta

cft = recursive_sta_lta(trace.data, int(5 * df), int(10

plot trigger(trace, cft, 1.2, 0.5)




.EV0_6..EHZ

1000+ = Trigger On

500 4 — Trigger Off
[} .
—500 -

0 10 20 30 40 50 60
Time after 1970-01-01T01:00:00 [s]

d) &/R-STA-fill &
from obspy.signal.trigger import carl sta trig

cft = carl _sta trig(trace.data, int(5 * df), int(1e * df)

0.8, 0.8)

plot_trigger(trace, cft, 20.0, -20.0)




.EV0_6..EHZ

1000+ = Trigger On

500 4 — Trigger Off

—-500 A

o 4
[
(=]
]
(=]
L
(=]
e
(=]
(%]
(=]
(=]
(=]

150 ~

100 ~

50 ~

=50

0 10 20 30 40 50 60
Time after 1970-01-01T01:00:00 [s]

e) ZEIR STA/LTA

from obspy.signal.trigger import delayed sta lta
cft = delayed sta lta(trace.data, int(5 * df), int(1e

df))
plot trigger(trace, cft, 5, 10)




.EV0_6..EHZ

1000+ = Trigger On

500 4 — Trigger Off

—-500 A

o 4
[
(=]
]
(=]
L
(=]
e
(=]
(%]
(=]
(=]
(=]

30 -
20 A

T et RS

[} . I

0 10 20 30 40 50 60
Time after 1970-01-01T01:00:00 [s]

4) MLZERE AR B

EAEFHRERT —AH 4 A6 R WA ik ds, A b & #8458 F i A
STA/LTA. WWIREHEFFEE I S0 oh, A& A WAMEAR S (MD 1-2), FTFHM
A (MI <= 0) T B LT 618 (10 fish i 5% 152 72 A REAROAG ) 1),

BTN T T B B T — A Stream X4, {4 FH HIEHE A M TRAT T I 2% IR 2%
AR AL

[ “Gi.Om..sAz.0.2010.17.cutslistgr’, |

[ u.Um..sMz.0.2010.147cut.slistgr”, |
LN 2 5, M BdE I THA tiggering. fFHE T STA/LTA, fihk 35

BOE: WEE 0.5 10 #, JFRIME 3.5, REBIME 1, FlF A Gub AR, B R

N 3. XTFEEIRMMLS, 7N G 3 /EE SR IR E ., 8 T REE RS, 34

{5 FHYR Stream HEI A B T AbHE .

prefiltering —  —  — —

from obspy.signal.trigger import coincidence_trigger



st2 = st.copy()
trig = coincidence_trigger(

0.5 10)

i H pprint FTENZE RSN -
from pprint import pprint
pprint(trig)

4.5299999713897705

[
UTCDateTime(2010, 5, 27, 16, 24, 33, 190000

| |

—

I

(&)
d

—~
| |
| |
w
(&)
d
-
| —)
N

3.440000057220459

UTCDateTime(2010, 5, 27, 16, 27, 1, 260000)

| N—
-

4.7899999618530273

~
| |
| |
I
(e}
d

UTCDateTime(2010, 5, 27, 16, 27, 30, 490000)

“

]1}]

il FH 2 AT EE B A el i T =N, SRS CRTRERDD ST H IR i [ ARpa:
1] AMNEIRME G UM trace 1D AR, HA% & ulifos i HER, XA LA BhBA TS
FIRAE WAL EA — DR RIS AL . FATATBLRGE “details = True” KR 215
s

st2 = st.copy()
trig = coincidence_trigger(
0.5 10 True)
N T EoREW, AT B EOR 1A R S — I
pprint(trig[@])

19.561900329259956
[19.535644192544272
19.872432918501264
19.622171410201297
19.217352795792998]
5.4565629691954713
[5.292458320417178
5.6565387957966404
5.7582248973698507
5.1190298631982163]

o oopprint(trigle]) 0000000000000 |
| cft peaks': [19.535644192544272, |
| 19.87243%0185e1264, |
| 19.6221714%0201297, |
| 19.217352795792998), |
| ‘cft _std wmean': 5.4565620691954713, |
| cft stds': [5.29245832417178, |
| 5.65653879579%66404, |
| 5.7582248973¢98%¢7, |
| s.110e298631982163], 000 |
| duration': 4.52999997138977e5, |

4.,5299999713897705



UTCDateTime(2010, 5, 27, 16, 24, 33, 190000)

— |/
—_

FERE, $RAE T ICT A G ufifirh 5 5% (KU AT o K P DAL T i 22 55— LS RIS 2 o ek
WHRAT =38 IO o X (B AT DA BH3ATT DX 70 JE AT i) L1 19X 2% fk B 4% o

5) B ARCUAS T B R R 4% Tk A i R 2 7 1)

XA 2 A 30 I £ K Al i PRI R o SRS R B R T DA FH T A 0 B 5 i ik
A BTN o FARCA R 1 AR SE A AR LI B AR, BRI & B AN AR E Y /MBS
R SR PSS R . X R TE, ATMERA G 36 R A PR BOE iE %
IS 572 FSGAAR I RISt FC At £ 3ty 3 2 2 JER AT R PR 38 ik A (A7) a1 5 3 P52 R 0 e P 7K P v
ERFD. AT LUNAE & uife RSO OB . H T b B SO ST B ] 4% (2. 35
HEN . FEAZG] P IRAVE P = 5 A A RO, FH T 28 3 A 4% fi 25 O 3 L)

from obspy.core import Stream, read, UTCDateTime

st = Stream()

files [

for filename in files
st read( filename)
st.filter( p12))

=
()

X BEBATABRA G B E — N FAER T M. F8E I A4 P RS A RIS, FRpat
IF1A] CEL4E S 3D 29 2.5 #p. 1E UH3 G ulRA 1S A = E AR B s, 78 UHL 533k
ATHSASE FH — AN A AR (1) 2 B 1) 25090

times [

event_templates {

for t in times

t = UTCDateTime(t)

st = st.select( ).slice(t, t + 2.5)

event_templates| ].append(st_ )

t = UTCDateTime(

st = st.select( ).slice(t, t + 2.5)

event templates| ] [st_]

N PR AR AL S BRI . R E S R E A 4, BATFEh R E R
FHIE S E AN 1 B &

from obspy.signal.trigger import coincidence_trigger

| —
| |
e
A

+

+

st2 = st.copy()



trace_ids

T -

trig = coincidence_trigger( 5, 1, st2, 4
0.5

staes,

- 0
IAE R 25 B A AN S, HIEAN RIS v B ) /N B S BB R A 2D — S A

B AL R o 15 5 BRI . TEAG X FEE il & 280, 1HVER 1. 0 MR, FRATAMREITRE T

PSR o

[{ 4.0

UTCDateTime(2010, 5, 27, 16, 24, 33, 210000)

UTCDateTime(2010, 5, 27, 16, 25, 26, 710000)
1.9200000762939453
{ 0.89404458774338103
0.74581409371425222}
UTCDateTime(2010, 5, 27, 16, 27, 2, 260000)
4.09299999713897705
{ 1.0 1.0}
UTCDateTime(2010, 5, 27, 16, 27, 30, 510000)
[




6) AR

a) Baer Picker

XFF pk_bear O, AN ALY, i WFEA.
from obspy.core import read
from obspy.signal.trigger import pk_baer
trace
read( )[o]
df = trace.stats.sampling rate
p_pick, phase_info = pk_baer(trace.data, df

20, 60, 7.0, 12.0, 100, 100)
print(p_pick)

print(phase_info)
PU3
print(p_pick / df)
4.47
AL RSB 34. 47 EPU3 & 32 P IR ILSE 34. 47s AL B EPU3.

w m o))
00
O
N

b) AR Picker

XFF ar pick O, AN BATE .
from obspy.core import read
from obspy.signal.trigger import ar_pick
trl
read(
)[e]
tr2
read(
)[e]
tr3

read(
)[e]
df = trl.stats.sampling_rate
p_pick, s _pick = ar_pick(trl.data, tr2.data, tr3.data, df

1.9, 20.0, 1.0, 0.1, 4.0, 1.0, 2, 8
.1, 0.2)
print(p_pick)
30.6350002289
print(s_pick)
31.2800006866




it 30. 6350002289 A1 31. 2800006866 & JEAZFE 30. 64s [ P R AILE 31. 28s Y S U
BARELH R

7) ‘mApIE

XRE—ANEEIRMFF, BHEED ArcLink /8%, 284 b—Bm%H, RBMF:
import matplotlib.pyplot as plt

import obspy

rom obspy.clients.arclink import Client

rom obspy.signal.trigger 1import recursive sta lta
rigger _onset

client = Client(
18001

obspy.UTCDateTime(
t = client.get_waveforms(

st[9]
tr.stats.sampling rate

C recursive_sta lta(tr.data, int(2.5 * df), int(1e. df))

ft
- 0000000000000]
# Plotting the results |
min, ymax = ax.get ylim()

linestyle='--) ]

)

plt.show()
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12. Poles and Zeros, Frequency Response (% 5 FISFZ M R )

VEE fF ] read inventory () #2EIG(E E 2l Inventory X} R (FIAH< A Network.Station.
Channel. Response FX}%) 1, &% Inventory. plot response() or Response. plot () ff
FHAESE ) Tk e B

N FARRD SRR T e TR o LE-3D/1S MR AU AR R, HORFENRIRG 0. 005s,
B PR AR e 16384 Al FATALEMA MM 0 B 20, 1A ZN- = 2] n F%H .

from obspy.signal.invsim import paz_to_freq_resp

plt.figure()


https://docs.obspy.org/master/tutorial/code_snippets/frequency_response.html

plt.subplot(121)
plt.loglog(f, abs(h))
1t.xlabel(
plt.ylabel(

©
~
~

l1t.subplot(122)

hase = 2 * np.pi + np.unwrap(np.angle(h))
lt.semilogx(f, phase)

1t.xlabel(

lt.ylabel(

plt.yticks(

- 00000000_]
# ticks and tick labels at multiples of pi |
plt.yticks¢( 00|

[ p.p p.p p.p p.pi]
# title, centered above both subplots |
# make more room in between subplots for the ylabel of right |
plot

2, n i, 3

lt.ylim(-0.2, 2 * np.pi + 0.2)

plt.suptitle(

plt.subplots_adjust( 0.3)
plt.show()

Frequency Response of LE-3D/1s Seismometer

1071 3

1072 3

103 3

Amplitude
= |
< <
Phase [radian]
e = ]

10-2 10°' 10° 10! 107 10-2 107t 10° 10! 107
Frequency [Hz] Frequency [Hz]



13. Seismometer Correction/Simulation (MBI E)

1) T IEBH B R R

a) f# F stationXML 3CA-ELE 5 B B Inventory X
%

L H FDSN client I, Wal B AT DARE B 3E MY INAE B £, 5 22 #9 M B AT DAL A
Stream. remove response () :
rom obspy import UTCDateTime
rom obspy.clients.fdsn import Client

1 = UTCDateTime(
UTCDateTime(
dsn_client = Client(

- 000000000_]
# Fetch waveform from IRIS FDSN web service into a ObsPy |
stream object 0000000000000 |
# and automatically attach correct response |

st = fdsn_client.get_waveforms(

+

N
+
=

re_filt (0.005, 0.006, 30.0, 35.0)

st.remove_response( pre_filt)
ZITEFRIFEE T Inventory X4

rom obspy import read, read_inventory

Kh

st = read()

inv = read_inventory()

pre_filt = (0.005, 0.006, 30.0, 35.0)


https://docs.obspy.org/master/tutorial/code_snippets/seismometer_correction_simulation.html

pre_filt)

il FH 22 B 30T, AT AR AT S 7 o 2 B ) ) 2 A 2D B, R DR pre filt A
water level ST, DLAGE (3] EACARW N T ) SR

inv = read_inventory(
pre_filt = [0.001, 0.005, 10, 20]
tr.remove_response( Y% pre_filt

True)

IU.ULN.0O.LH1 | 2015-07-18T02:27:33.069538Z - 2015-07-18T05:27:32.069538Z | 1.0 Hz, 10800 samples

107 § 10
75000
10° 4 =
H 088
g 10% g 50000
£ 100 06% 25000
g 100 £ 0 i
& 045
8 10§ g ~25000
8 0.2 g
S ] ~50000
10° 0.0 ~75000
0 2000 4000 6000 8000 10000
107 § 10%
75000
10¢ 10° )
o5 100 £ 50000 s i
£% 10+ ] 10§ 25000 £ 8
o bt [T
i 0 % o &4
2 105 § EC
S5 102 £ -25000 & 5
: 104 2 £
10" 1 oyrfut: DISP LT -50000 8
10
10“ 1 T T T T T T T T T ~75000
10-4 103 10-2 10! 0 2000 4000 6000 8000 10000
102 (@
107 g
By 10 g 0.0002
R g3 H
£85 o= z
g8 10~ e £ § 00001 £
g3 10 £ H
sEE b2 b 00000 &
225 10 0o L5 maiaisiane ' g
85 T & 4
SE . 4 L= -3
ET 10 water_level: 60 E -0.0001
10 10105
10-* 10-* 10~ 107 0 2000 4000 6000 8000 10000
Frequency [Hz] Time [s]

b) ¥ A RESP 3C44:

f8i H RESP SO SA AR R AF R
import matplotlib.pyplot as plt

import obspy

from obspy.core.util import NamedTemporaryFile
from obspy.clients.fdsn import Client as FDSN_Client
from obspy.clients.iris import Client as 0ldIris Client




tl - obspy.UTCDateTime(
t2 = obspy.UTCDateTime(

fdsn_client = FDSN_Client( )
st = fdsn_client.get_waveforms(
t2)

with NamedTemporaryFile() as tf
respf = tf.name
old _iris client = 0ldIris_Client()

old_iris client.resp(
respf)

st_orig = st.copy()

pre_filt = (0.005, 0.006, 30.0, 35.0)

date t1

seedresp




st.simulate( pre_filt
seedresp)

r_orig = st _orig[o]
ime = tr.times()

l1t.subplot(211)
lt.plot(time, tr_orig.data
lt.ylabel(

1t.subplot(212)
lt.plot(time, tr.data
lt.ylabel(

1t.xlabel(

1t.show()

)

N

©

scedresp-seedresp) 00|
- 000000000_]
# plot original and simulated data |
- 0000000_]

le7

STS-2 [counts]
II—I lO (=] (=] =
o Wb o Ww o

0 250 500 750 1000 1250 1500 1750

£ 0.005
=
g
s 0.000 4
(]
=
% —0.005 4
a
_0.010 T T T T T T T T
0 250 500 750 1000 1250 1500 1750
Time [5]

c) R/ 4 %dE SEED SCAF(B XMLSEED 3CA4)

5 Te# s SEED UG Parser X RAAT AR A o SR 5 X TR BB H2 L RESP
W N B . 2418 Stream B Trace ) simulate () {HEHFETER, “data” SE0 DLEEE .



import obspy
rom obspy.io.xseed import Parser

obspy.read(

arser
Parser(
st.simulate(

2) fH PAZ FHL

N A R T T A 45 58 R R 1Hz B STS-2 M . FMm . i aE (A
—BET A0 REE CERBUZ) #ifsE N7 RmT.
import obspy
from obspy.signal.invsim import corn_freq_2_ paz

N—r

~
-
-

parser

[-0.037004 + 0.037016j, -0.037004 - 0.037016]

251.33 + 0j
131.04 - 467.29j, -131.04 + 467.297]
[0], @]]
60077000.0
2516778400.0}

paz_lhz = corn_freq_2_paz(1.0 0.707)
paz_1hz[ ] 1.0

st = obspy.read()

st _orig = st.copy()

st.simulate( paz_sts2

st_orig.plot()
st.plot()




2009-08-24T00:20:03 - 2009-08-24T00:20:32.99
le—-7
7.5 1 (BW.RJOB_EHZ

5.0 1

254

0.0 1

50 71e-7

BW.RJOB._.EHN

le—7

7.5 A
BW RJOB._EHE

5.0 1

2.5

0.0 +

—2.5 4

—50 4

T T
2009-08-24T00:20:03 00:20:13 00:20:23

B2 HE XL E v LMEH] matplotlib FEhiE:
import numpy as np
import matplotlib.pyplot as plt

tr = st[9]
tr_orig = st _orig[9]

np.arange(tr.stats.npts) tr.stats.sampling rate

plt.subplot(211)
plt.plot(t, tr_orig.data
1t.ylabel(
1t.subplot(212)
lt.plot(t, tr.data
1t.ylabel(

1t.xlabel(

1t.show()

N

©

©

T | (T |T
~
~
~
~



1000 ~

STS-2 [counts]

0 5 10 15 20 25 30
Time [s]

14. Clone an Existing Dataless SEED File

(R FIBA BT SEED ST

DA A o 1 e S ek — AN I i JC#idis SEED S (dataless. seed. BW_RNON) ZR )5
188 F A A — MR BT I 5 3l 257 DatalessSEED SCAF.

T, BATEMT L0 N DR S S 1) DatalessSEED A

from obspy import UTCDateTime

from obspy.io.xseed import Parser

Parser(
blk = p.blockettes
IAEFRATA] LA HEALAE DatalessSEED SCA-H-k H B HIME 2. -
blk[50][@].network code
blk[50][0].station call letters
blk[50][@].site_name
blk[50][0].latitude = 47.761658
blk[50][@].longitude 12.864466
blk[50][@].elevation 815.0
blk[50][0].start_effective date = UTCDateTime(

- oblk[se][e].network code - v |
> oblk[50][0].station_call letters - von |
>>>blk[5][@] .site_name - "Moar Alm, Bavaria, Bi-Net” |
o> oblk[se][e].latitude - 47.761658 |
> oblk[se][e].elevation - 815.0 |
- blk[50][0] .start_effective date - UTCDateTime( 000 0/ |


http://docs.obspy.org/tutorial/code_snippets/clone_dataless_seed.html

blk[50][0].end effective date
blk[33][1].abbreviation_description

IR TN TEZLBE A =AW S = 5
mult = len(blk[58])/3

for i, cha in enumerate([
blk[52][i].channel_identifier
blk[52][i].location_identifier

blk[52][i].latitude
blk[52][i].longitude
blk[52][i].elevation

blk[52][i].start_date

blk[52][i].end_date

blk[50][@].latitude
blk[50][@].longitude
blk[50][@].elevation
blk[50][@].start_effective_date
blk[50][@].end_effective_date

blk[53][i].number_of_complex _poles = 3
blk[53][i].real_pole [-4.444, -4.444
blk[53][i].imaginary_pole [+4.444
blk[53][i].real_pole_error [0, o, 0]
blk[53][i].imaginary_pole_error [0, 0, 0]
blk[53][i].number_of_ complex_zeros = 3
blk[53][i].real_zero [0.0, 0.0, 0.0]
blk[53][i].imaginary_zero [0.0, 0.0, 0.0]
blk[53][i].real_zero_error [0, o, 0]
blk[53][i].imaginary_zero_error [0, 0, 0]
blk[53][1].A® _normalization_factor
blk[53][i].normalization_frequency

1.083]
4.444, +0.0]

blk[58][i*mult].sensitivity gain = 400.0

blk[58][i*mult+1].sensitivity gain 1677850.0

blk[58][(i+1)*mult-1].sensitivity gain
R XA TR RE FIR /AL
e, AT LUK % 5 1) DatalessSEED 45 N —AN#T SO

671140000.0

p.write_seed(

15.Export Seismograms to MATLAB (5 H¥#E%] MATLAB)

ST R T AR py thon SEEUBE SCAF IFARAF £ 9% Trace 4R Stream Xf
G B> MATLAB £ MAT #3030 rh o 3X S84 T DUl MATLAB 8] Toad B& £ K
from scipy.io import savemat
obspy

import



http://docs.obspy.org/tutorial/code_snippets/export_seismograms_to_matlab.html

t

obspy.read(

or i, tr in enumerate(st)
mdict = {k: str(v) for k, v in tr.stats.iteritems()}
mdict[ ] tr.data
savemat ( i, mdict)

‘H\

16. Export Seismograms to ASCIl (5 H#IE R Ascl 3C4)

1) Built-in B

PRATUAEA Obspy ) write OO BELEHHIH Stream X G EHE NATAT ASCIT 4%

2

from obspy.core import read
stream
read(
stream.write(
IR IAE SCRFY) ASCIT 5 3K:
®  SLIST——1S F T 51 fii B A1 R ARER ) ASCIL N 8] 77 5114 =X

IMESERIES BW_RJOB__EHZ D, 6001 samples, 200 sps, 2009-08
24T00:20:03.000000, SLIST, INTEGER
288 300 292 285 265 287
279 250 278 278 268 258

®  TSPAIR—— [A]—FE AN ASCl A%

IMESERIES BW_RJOB__EHZ D, 6001 samples, 200 sps, 2009-08
24T00:20:03.000000, TSPAIR, INTEGER
2009-08-24T00:20:03.000000 288

009-08-24T00:20:03.005000 300
2009-08-24T00:20:03.010000 292
2009-08-24T00:20:03.015000 285
2009-08-24T00:20:03.020000 265
2009-08-24T00:20:03.025000 287

® SH_ASC——Seismic Handler S5 ASCIl #% =,

ELTA: 5.000000e-03
LENGTH: 6001
START: 24-AUG-2009 00:20:03.000

OMP: Z

HAN1: E

HAN2: H

TATION: RJOB

ALIB: 1.000000e+00

N
N

“

“



http://docs.obspy.org/tutorial/code_snippets/export_seismograms_to_ascii.html
https://www.seismic-handler.org/

2.880000e+02 3.000000e+02 2.920000e+02 2.850000e+02
2.650000e+02 2.870000e+02 2.790000e+02 2.500000e+02

2) BREEN

N H P A S B B € kRS Trace BUE MRS 107 SCAFER] ASCIT XA
WIREE =T L45 €M) calibration KHER T, 2RJ51EH Numpy [ savetxt () BRELLRAF .

from _ future__ import print_function
import sys

import numpy as np
import obspy

3
=

in_file = sys.argv[1]

out_file = sys.argv[2]

calibration = float(sys.argv[3])
except

print(__doc_ )

raise

obspy.read(in_file)
tr in enumerate(st)
open( (out_file, i)
f.write( \n (tr.stats.station))
f.write( \n (tr.stats.channel))
f.write( \n (str(tr.stats.starttime)))
f.write( \n (tr.stats.sampling rate))
f.write( \n (tr.stats.npts))
np.savetxt(f, tr.data calibration )
f.close()

_h

Kh
Q
S
[
~

17.Anything to MiniSEED (E#EE 44N MiniSEED)

T AR T JE s W] S AT 232 3] MiniSEED #& 3. #l79 JUATS Rk 5 N
MiniSEED 4. #EHIHIG/E L. (starttime. sampling rate. station ZFREE) 4.


http://docs.obspy.org/tutorial/code_snippets/anything_to_miniseed.html

GER: W22 MiniSEED AR R vFIIAS) . SRR R 1% H B Bl idid SeedLink Hp
ﬁ%ﬁ%%ﬁiﬁ@&ﬁ%ﬁ I 249475 ASCIT Jy MiniSEED #4558
om __future__ import print_function

import numpy as np
rom obspy import UTCDateTime, read, Trace, Stream

data np.fromstring(weather

len(data)

# set current time 000000 |

stats| ] UTCDateTime()
st = Stream([Trace( data stats)])
st.write( 0

stl

print(stl[©].data. tostrlng())

18.Beachball Plot (Z&|¥bHsRE)

N R A0 B R IR 1 B R


http://docs.obspy.org/tutorial/code_snippets/beachball_plot.html

from obspy.imaging.beachball import beachball
beachball(mt

mt2 = [150, 87, 1]

beachball(mt2 200 2 )

mt3 [-2.39, 1.04, 1.35, 0.57 2.94

beachball(mt3

@
5 ¢
e



19.Basemap Plots

1) wE B X Basemap plot

f&] 5. [ Basemap £ il o] LLiH IE Inventory B¢ Catalog *F %MW B J7 AT -
Inventory.plot (), Catalog.plot().
rom mpl toolkits.basemap import Basemap
import numpy as np
import matplotlib.pyplot as plt

rom obspy import read_inventory, read_events

ax = plt.subplots()

m Basemap( 8000000 7000000

I
w
Ul
Ul
(o))
X

81., 20.))
181., 20.))

ax.set_title(
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aQala|Qa H|Q|Qa (0]
S |5 H S| S
QLD [l [V o))
== | = H|Z | =
S |3 |T n{o|n
QM| Oo|O|0O
T (D] S ||
C|H|QD (S |wn
o|lQ|+ Hel|l et |
C || S50 |-
S| (M M | He| -
Q|5 |+ >5|m|>S
Q(n|n t|{n|m
S oA~ wnl~lwn
<K |S|S |~ |~
~|T | ~

P (av]}

Q| .

DD

Q|

o5

oa (0Q

D | M

N\ |
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_h

ig.bmap = m

inv = read_inventory()
inv.plot( fig False)
cat = read_events()

cat.plot( fig False



http://docs.obspy.org/tutorial/code_snippets/basemap_plot_with_beachballs.html

plt.show()

2) HisEH R H A Beachball J Basemap plot

N T R WHAT7E basemap B2l — L8 & U5 beachball . %41 7 242 %% basemap
o BRI SRTM SCAF AT A here N#. FRATTH SRTM 1T JUAT /2 XA
ncols 400
nrows 200
xllcorner 12°40
yllcorner 47°40
xurcorner 13°00
urcorner 47°50
cellsize 0.00083333333333333
ODATA value -9999
682 681 685 690 691 689 678 670 675 680 681 679 675 671 674
680 679 679 675 671 668 664 659 660 656 655 662 666 660 659
59 658 ....

import gzip



http://matplotlib.org/basemap/
http://matplotlib.org/basemap/
https://examples.obspy.org/srtm_1240-1300E_4740-4750N.asc.gz

import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.basemap import Basemap

from obspy.imaging.beachball import beach

with gzip.open(
srtm = np.loadtxt(fp

lats = np.linspace(47.8333, 47.6666, srtm.shape[@0])
lons = np.linspace(12.6666, 13.0000, srtm.shape[1])

m = Basemap(

47.81)

X, y = m(*np.meshgrid(lons, lats))

cs m.contour(x, y, srtm, 40
m.drawcountries(

m.drawparallels(np.linspace(47, 48, 21)

[2, 2])

m.drawmeridians(np.linspace(12, 13, 21)

[2, 2])




lats [47.761659, 47.7405, 47.755100, 47.737167]
lons [12.864466, 12.8671, 12.849660, 12.795714]
names [ ]

X, y = m(lons, lats)

or i in range(len(names))
plt.text(x[1], y[i], names[i]

=

ats [47.751602, 47.75577]
lons [12.866492, 12.893850]
y = m(lons, lats)

_h

ocmecs [[80, 50, 80], [85, 30, 90]]
ax = plt.gca()
or i in range(len(focmecs))
b = beach(focmecs[i] (x[1], y[i]) 1000

b.set_zorder(10)
ax.add_collection(b)

plt.show()

4
N



12.75°E 12.80°E 12.85°E 12.90°E 12:95”E
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47.70°N j&s-, 4 47.70°N

Tatd e D
12.75°E 2.85°E
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aleem?
12.90°E 12.95°E

JLA™ Note:
® GDAL fU R H#4:HN GeoTiff 2] numpy ndarray.
geo = gdal.Open(
X = geo.ReadAsArray()
® 1] M\ ASTER 73 2l Geo Tiff =i E 24 -
® HIVRINBARL/MEY]. A plotmap shaded.py FIFEERINE 2155

3) A beachball KJ4Fk Basemap

o x  geo.ReadAsArray() |

import numpy as np
import matplotlib.pyplot as plt
rom mpl_toolkits.basemap import Basemap

rom obspy.imaging.beachball import beach

m Basemap( 142.36929 38.3215

m.drawcoastlines()

m.fillcontinents()
m.drawparallels(np.arange(-90., 120., 30.))
m.drawmeridians(np.arange(9., 420., 60.))



https://trac.osgeo.org/gdal/wiki/GdalOgrInPython
http://gdem.ersdac.jspacesystems.or.jp/search.jsp
https://github.com/matplotlib/basemap/blob/master/examples/plotmap_shaded.py?raw=true

20.Interfacing R from Python (M python %f#:%| R)

rpy2 fL AV python X2 R NI W #46: numpy.ndarray 203 4 R HiRE, JExrH

HAT R 1 summary f5% o

RO.RMatrix(st[@].data)



http://docs.obspy.org/tutorial/code_snippets/interfacing_r_from_python.html
http://rpy.sourceforge.net/rpy2.html

print(r.summary(M))
Min. 1st Qu. Median Mean 3rd Qu. Max.
1056.0 409.0 393.0 393.7 378.0 233.0

21.Coordinate Conversions (ARFrEE#)

1 pyproj AT LAV {E RIREAT ARAREE e AE A SEIRAN H ARABAR R 1K) EPSG ACRS )5, W i

JUATARRY B ] 58 A AR B 8 o 1 A5 7 A [ 5 3l 1) AR B A RV A 5 S XA A 1Y) Gaug-
Kriiger 2445 .

import pyproj

lat [49.6919, 48.1629]

lon [11.2217, 11.2752]

proj _wgs84 = pyproj.Proj(

proj_gkd4 = pyproj.Proj(

“

proj.transform(proj_wgs84, proj_gk4, lon, lat
print(x)
[4443947.179347951, 4446185.667319892]
print(y)
[5506428.401023342, 5336354.054996853]

3 — FhE DL VR OR £ B RN & BE I AL B A5 2 F5 ¥ B Universal Transverse Mercator
coordinate system (UTM)AAFR 58 o TXRET/NXI0rp B R B SRR AR A . (A utm AL AT BL
BRI e P4
>>> import vtm ]
>>> utm.from_latlon(s1.2, 7.5) |

<
©
<
~

(395201.3103811303, 5673135.241182375, 32, °’U’)

utm.to_latlon(340000, 5710000, 32, ’U’)

(51.51852098408468, 6.693872395145327)

22.Hierarchical Clustering (4Zk3E28)

5P SciPy G SRER I T LAAAT RS o 5 AoV MARIOUPE S Ry K e
AREL DUFR BRI T IR CL SRR A VBT SR . L S SRR A 7 2
ST DR BB B0 (R obspy. s gnal SREUSEBIRD, I HIT LI R
1 24 25 B 9L

¥, 5 BYO B R T
>>> dmport do, wellib 0000000000000 |
o> import numpy s wmp |

import matplotlib.pyplot as plt

from scipy.cluster import hierarchy



http://docs.obspy.org/tutorial/code_snippets/coordinate_conversions.html
https://pypi.python.org/pypi/pyproj
https://www.epsg-registry.org/
https://en.wikipedia.org/wiki/Universal_Transverse_Mercator_coordinate_system
https://en.wikipedia.org/wiki/Universal_Transverse_Mercator_coordinate_system
https://pypi.python.org/pypi/utm
http://docs.obspy.org/tutorial/code_snippets/hierarchical_clustering.html
https://docs.scipy.org/doc/scipy/reference/cluster.html

from scipy.spatial import distance

with io.BytesIO(urllib.urlopen(url).read()) as fh
... dissimilarity = data[’dissimilarity’]
IRAE AT 22 1 AH 7 0 -

SRIGIRAIAEF SciPy 14 % FE2x il T 1 3 UG A DN 1 1] o
dissimilarity = distance.squareform(dissimilarity)

threshold 0.3

linkage = hierarchy.linkage(dissimilarity

clusters hierarchy.fcluster(linkage, threshold

plt.subplot(122)
hierarchy.dendrogram(linkage
plt.xlabel(

plt.ylabel(

plt.show()
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23. Visualizing Probabilistic Power Spectral Densities

CATRAAL R R D) R F )

FHMRAS 7R obspy.signal HE I PPSD 2K, 1ZGIFEXS TR I B G A
frong s AR A H . 2145 B 2% [McNamara2004] .

from obspy import read

from obspy.io.xseed import Parser

from obspy.signal import PPSD

I k£ — 2K T R 1 B b M5 B

st
read(

tr = st.select( )[0]

JCHHETT L StationXML SCAFEL FDSN 2% IR 55 32 1L 1) Inventory: Jo¥idiE SEED U4
f1) Parser; Al RESP SCAFIISCAR44: (LG TR sl .

WA — A8 1) PPSD TEH) . ppsd X GOK i IR Bil 5 A A 1& 4 85 1E A% psd Sits

parser

“

Parser( )
ppsd = PPSD(tr.stats parser)
RIGININEHE (Trace B Stream XF %) fit PPSD fitiit .



http://docs.obspy.org/tutorial/code_snippets/probabilistic_power_spectral_density.html
http://docs.obspy.org/packages/obspy.signal.html#module-obspy.signal
http://docs.obspy.org/packages/autogen/obspy.signal.spectral_estimation.PPSD.html#obspy.signal.spectral_estimation.PPSD
http://docs.obspy.org/citations.html#mcnamara2004
http://docs.obspy.org/packages/autogen/obspy.core.inventory.inventory.Inventory.html#obspy.core.inventory.inventory.Inventory
http://docs.obspy.org/packages/autogen/obspy.io.xseed.parser.Parser.html#obspy.io.xseed.parser.Parser
http://docs.obspy.org/packages/autogen/obspy.signal.spectral_estimation.PPSD.html#obspy.signal.spectral_estimation.PPSD

ppsd.add(st)
True
BATT L ppsd fli th HR SRR IS [EYE . B S THE psds 19—/ N [T 46 i
R FIZR (AN AT ER SR BT ).
print(ppsd.times[:2])
[UTCDateTime(2011, 2, 6, 0, 0, 0, 935000), UTCDateTime(2011
6, 0, 30, 0, 935000)]
print( len(ppsd.times))
number of psd segments: 47
PRI EARE R stream oA GR [BI{H False), ppsd X G A £rist A B & 0 BUE N ppsd

ppsd.add(st)
False
print( len(ppsd.times))
number of psd segments: 47
BNk B H A SRR IER E 245 R .

=
o

w0n
~+

read(
ppsd.add(st)
True
ppsd (1) K305 T BLE R AE matplotlib % F .
ppsd.plot()
B DRAF I P SCA
ppsd.plot(

“

ppsd.plot(
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N
.. IS A
. AR NI |

Amplitude [m?/s*/Hz] [dB]

el vE
-140 .
LU T = L
i TN
-180 III 3
-200 0
0.01 0.1 1 10 100
Period [s]
B Q © B Q o
S 1 © o @V o1 4 4 A% s
o goF oF gF gr gl gF gl oF
KPR, dn] LR RFRE T E:
ppsd.plot( True)
BW.KW1..EHZ 2011-02-06 -- 2011-02-07 (93/93 segments) 100
—60 - _
=2
= —80 - 80 -
2 b=
N -100 A =
S 60 E
S‘-'E ~-120 A s = . i
£ T | 2
£ -140 i L a0 5
LU LT b :
2 -160 L o
< Bl LN -
-180 o
=
Rl )

0.01 0.1 1 10 100

© B Q o
o> oo e ol o ol > ol e ol i
L QY QL QL QL

ELdH PQLX /[McNamara20041 1§ FH i (L BT, o] LA obspy.imaging.cm T A\ 48 FH 1%



https://docs.obspy.org/citations.html#mcnamara2004
https://docs.obspy.org/packages/autogen/obspy.imaging.cm.html#module-obspy.imaging.cm

RN
from obspy.imaging.cm import pqlx
ppsd.plot( pqlx)

BW.KW1..EHZ 2011-02-06 -- 2011-02-07 (93/93 segments)
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Sfr PPSD ([McNamara2004]) 77 2 I A4k PPSD I #dfs Bt o 25 —A4T s A\ PPSD
EE, SRR AR, 4RRININE] PPSD IR IMIEIRE . W5 (A RAT Bonit NE
77 B A psd WA . ERNACER 7 F IR, 28 51X Se 50 B R /s A SN ES psd
7.

Note: MICH(# SEED B StationXML SR ek bt EF A EW A EEE 2L (&
U PPSD).

psd B B 8] B 470 R DL 5 1) psd_values M PPSD FH2EX 3118 ] plot temporal()%:
il

ppsd.plot_temporal([©.1, 1, 10])


https://docs.obspy.org/citations.html#mcnamara2004
https://docs.obspy.org/packages/autogen/obspy.signal.spectral_estimation.PPSD.html#obspy.signal.spectral_estimation.PPSD
https://docs.obspy.org/packages/autogen/obspy.signal.spectral_estimation.PPSD.plot_temporal.html#obspy.signal.spectral_estimation.PPSD.plot_temporal
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{#iFd plot spectrogram()Ze il i B«

ppsd.plot_spectrogram()
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https://docs.obspy.org/packages/autogen/obspy.signal.spectral_estimation.PPSD.plot_spectrogram.html#obspy.signal.spectral_estimation.PPSD.plot_spectrogram

24.Array Response Function (ZZHm ;R

TH P ELREIR T a7 {# H ObsPy [ obspy.signal.array analysis.array transff wavenu
mber() BRI 2 11 AU K B2 AR s ek L QR R0
import numpy as np
import matplotlib.pyplot as plt

rom obspy.imaging.cm import obspy sequential
rom obspy.signal.array _analysis import
array_transff_wavenumber

coords = np.array([[10., 60., ©.], [200., 50., ©0.], [-120.

coords 1000.

lim = 40

Xmin klim

Xmax klim

ymin klim

ymax klim

step klim 100

ransff = array_transff_wavenumber(coords, klim, kstep

[ . ., 0.1, [36. - 0.11)
0000000000000 ]
# coordinates inkm 0000000000000
coords /- 1ee6. 0000000000000
- 0000000000000 ]
# set limits for wavenumber differences to analyze |
0000000000000 ]
# compute transfer function as a function of wavenumber |
difference 0000000000000
0000000000000 ]
#plot 0000000000000

plt.pcolor(np.arange(kxmin, kxmax + kstep * 1.1, kstep)
step 2.
np.arange(kymin, kymax kstep 1.1, kstep) kstep

=~

transftf.T obspy sequential)

plt.colorbar()
plt.clim(
plt.xlim(kxmin, kxmax)

4]
=
~



http://docs.obspy.org/tutorial/code_snippets/array_response_function.html
https://docs.obspy.org/packages/autogen/obspy.signal.array_analysis.array_transff_wavenumber.html#obspy.signal.array_analysis.array_transff_wavenumber
https://docs.obspy.org/packages/autogen/obspy.signal.array_analysis.array_transff_wavenumber.html#obspy.signal.array_analysis.array_transff_wavenumber

plt.ylim(kymin, kymax)
plt.show()

1.0

| | | |
£ w N = o N w S
o o o o o o o o o

25.Continuous Wavelet Transform GEZ/PNEDH)

1) f#H obspy

N FM T 2 obspy N EBIRE (FET[Kristekova2006].) ISR /INEE AL He
import numpy as np
import matplotlib.pyplot as plt

import obspy
rom obspy.imaging.cm import obspy sequential
rom obspy.signal.tf _misfit import cwt

st = obspy.read()
st[9]
tr.stats.npts
dt = tr.stats.delta
np.linspace(@, dt * npts, npts)
_min 1

S

S [ [
©
~+
0

+

_h


http://docs.obspy.org/tutorial/code_snippets/continuous_wavelet_transform.html
https://docs.obspy.org/citations.html#kristekova2006

50

-+
=
Q
X

scalogram = cwt(tr.data, dt, 8, f min, f_max)

plt.figure()
ax = fig.add_subplot(111)

-
0Q

X -+
I
+

y = np.meshgrid(

np.logspace(np.logle(f min), np.logleO(f_max
scalogram.shape[@0]))

ax.pcolormesh(x, y, np.abs(scalogram) obspy_ sequential)
ax.set_xlabel( tr.stats.starttime)
ax.set_ylabel(
ax.set_yscale(
ax.set_ylim(f_min, f_max)
plt.show()

N

p )
scalogram.shapefe])) |
- ]
ax.pcolormesh(x, y, np.abs(scalogram), ciap-obspy_sequential) |
ax.set_xlabel( [inc oiter “c (o) % tr.stats.starttime) |
ax.set_yscale( loc) |
ax.set_ylim(f min, fma)y |
plt.show( |

10!

Frequency [Hz]

10°
0 5 10 15 20 25 30

Time after 2009-08-24T00:20:03.000000Z [s]

2) f¥H MLPY

TN BIASAE FH mipy FL5%F 2008 4F Yasur 1035 2 IR 75 B 3 T I S/ N AR . T
INFE IR 245 B 5% Wikipedia (FLH 1] omega0 K T-1X BLicfE sigma).


https://mlpy.fbk.eu/
https://en.wikipedia.org/wiki/Morlet_wavelet

import numpy as np
import matplotlib.pyplot as plt

import mlpy

import obspy
from obspy.imaging.cm import obspy_sequential

wavelet fct
scales = mlpy.wavelet.autoscales(//=1len(tr.data)
tr.stats.delta 0.05

wavelet fct omegan)
spec = mlpy.wavelet.cwt(tr.data tr.stats.delta
scales

wavelet fct omegan)

freq (omega® + np.sqrt(2.0 + omegad 2)) (4 * np.pi
scales[1:])

plt.figure()

fig.add _axes([©.1, ©0.75, 0.7, 0.2])

fig.add _axes([©0.1, 0.1, 0.7, 0.60] ax1)
fig.add _axes([©.83, 0.1, 0.03, 0.6])

t np.arange(tr.stats.npts) tr.stats.sampling rate
axl.plot(t, tr.data )

img = ax2.imshow(np.abs(spec) [t[@], t[-1], freq[-1]
freq[@]]

obspy_sequential)

twin_ax = ax2.twinx()
twin_ax.set_yscale( )
twin_ax.set_xlim(t[@], t[-1])
twin_ax.set_ylim(freq[-1], freq[9])
ax2.tick_params(




twin_ax.tick_params(

False)
fig.colorbar(img ax3)
plt.show()
100000 A
0 1 e At A
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140000
10! 120000
100000
80000
10°
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26.Time Frequency Misfit (BHRRHED)

tf misfit BEHFRAL T JLAhEE T [Kristekova2006] F1 [Kristekova2009] i) It AREE 7 B E . 1X
B UM 7 Fos 17 e A E 2k TR,

1) LI HRR A

from obspy.signal.tf_misfit import plot_tfr



http://docs.obspy.org/tutorial/code_snippets/time_frequency_misfit.html
https://docs.obspy.org/packages/autogen/obspy.signal.tf_misfit.html#module-obspy.signal.tf_misfit
https://docs.obspy.org/citations.html#kristekova2006
https://docs.obspy.org/citations.html#kristekova2009

npts = int(tmax / dt
np.linspace(9., tmax, npts)

(9

> NEYE
[ =N
QP
X |
»
=
N

+
=
N

I O [—h
=
N

sy

(np.sign(t - t1) 1) 2
stl = Al (t - t1) np.exp(-2 (t - t1))
tl np.cos(2. np.pi * f1 (t - t1) phil * np.pi) H1

plot_tfr(stl fmin fmax)

101 1
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1 0.05
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0.4 0.205000

0.0

i

—-0.5 1

time

2) LUK AL

R RCE 55 /M ER, #E BT

rom scipy.signal import hilbert

from obspy.signal.tf_misfit import plot_tf_misfits




phase_shift = 0.1
amp_fac 1.1

stl.copy()

stlp = hilbert(stl)
stlp = np.real(np.abs(stlp) A\
np.exp((np.angle(stilp) phase_shift * np.pi)

stla stl * amp_fac

plot tf misfits(stla, st2

False)

plot tf misfits(stlp, st2
False)

plt.show()
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3) LR HER

IPRRCIE & T SR BN ZE R, % L Ae]

phase_shift = 0.8
amp_fac 3.

stlp = hilbert(stl)
stlp = np.real(np.abs(stlp) A\
np.exp((np.angle(stlp) phase shift * np.pi) 1))

stl amp_fac

plot_tf gofs(stla, st2
False)

plot_tf gofs(stlp, st2
False)

2]
+
=
Q
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1t.show()
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4) ZHEMHSE

XF T 2 HAFEE AL L 2 R Ak, ARFRARAH NI AR . #%_ETi B1

amp_fac

st2 1 = stl.copy()
st2 2 = stl.copy() 5.
st2 = np.c_[st2_1, st2 2].T

stla st2 * amp_fac

plot tf misfits(stla, st2 dt
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5) FREH—

JRIFB A — P AT DL o e K I M 5 L A3 R 8] PR VS L P 1), {EL /e W] RE S FE IR RE
A P A NI . FEIZ TR B, BERTRIRAS 5 R AERT I mi. IR E T3
B PR -

amp_fac 1.1

ste = 0.001 * Al * np.exp(- (10 (t - 2. t1)) 2) \

stl.copy()

stla stl amp_fac

plot tf misfits(stla, st2
False)
plot tf misfits(stla, st2

0.15




plt.show()
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27.Visualize Data Availability of Local Waveform Archive

CRTRRAG A LI A A B3R B T P D

W, A K S A SR A sl s A AT T A . T IR R R T
obspy #2141 obspy-scan JHIAN (223 J5 RIRT D, ‘& 58 M SO A B R Sk A SCA2FE#% 20 (MiniSEED,
SAC, SACXY, GSE2, SH-ASC, SH-Q, SEISAN, %§), fE[HIBRALL AT B ALk, W AR M7E 46
I [A) 2l 17, B A S KP4 ZBIACET DL g 1000 A3 (A B T4
30000 N3CAF, FEMTZ) 45 438D, BB HIE/ HVEE . BT AATHORINAS A% K
&

A A BTN AT AT AL T T AR A, P e AR I P S A
$ obspy-scan /bay _mobil/mobil/20090622/1081019/* 1.

20081018 20:00:00 --- 20081020 02:00:00

A |

| HN f

28. Travel Time and Ray Path Plotting (GERFIEFER IR

1) R

N FARAD R AN plot travel times() B K022 )45 5 FE B AARAL A iasp91 38 & AR
RIS AR .



http://docs.obspy.org/tutorial/code_snippets/visualize_data_availability_of_local_waveform_archive.html
http://docs.obspy.org/tutorial/code_snippets/visualize_data_availability_of_local_waveform_archive.html
http://docs.obspy.org/tutorial/code_snippets/travel_time.html
https://docs.obspy.org/packages/autogen/obspy.taup.tau.plot_travel_times.html#obspy.taup.tau.plot_travel_times

from obspy.taup import plot_travel times
import matplotlib.pyplot as plt

ax = plt.subplots()
ax = plot_travel times(

g

ig

L |
e

. P
25 {-* PP
. S
20 A
m
g
ERCE
E
Q@
£
= 10 1
5 .
0 i
0 25 50 75 100 125 150 175

Distance (degrees)

2) B RARLEE

N UTAIS R T andfal 2 1) 25 w2 B B AR AL ST 2R B84 . S 2R R AR Tasp9l 8
FEREA 5, J48 F] obspy.taup.tau.Arrivals 251 plot _rays() B3I 2 il CFE F5 R R ABBR R )
rom obspy.taup import TauPyModel

‘\‘\‘

model = TauPyModel(
arrivals = model.get_ray paths(500, 1490

[ |

arrivals.plot_rays(

| plot all-False, legend=True) |


https://docs.obspy.org/packages/autogen/obspy.taup.tau.Arrivals.html#obspy.taup.tau.Arrivals
https://docs.obspy.org/packages/autogen/obspy.taup.tau.Arrivals.plot_rays.html#obspy.taup.tau.Arrivals.plot_rays
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3) BREH LR

T UATACHD B 7R T fe) 23 25 2 BE B AT (R S 2R B8 A% o SHERERAZAE ] iasp9l
PERRAA TR, {8 H obspy.taup.tau.Arrivals Z5f¥) plot rays() PRI (FEERFEEIHD .



https://docs.obspy.org/packages/autogen/obspy.taup.tau.Arrivals.html#obspy.taup.tau.Arrivals
https://docs.obspy.org/packages/autogen/obspy.taup.tau.Arrivals.plot_rays.html#obspy.taup.tau.Arrivals.plot_rays

= Pdiff

4) RS LHRA

N WA 7R T WAl 21145 22 75 oh FERIAH A R S 2R B8 4% S 2R 4215 T fasp9l
T E R 5L, 748 H obspy.taup.tau.Arrivals 211 plot ray paths() BREL 2 5l (FEEREZ B 1)

from obspy.taup.tau import plot_ray_paths
import matplotlib.pyplot as plt

ig, ax = plt.subplots( dict( True))
ax = plot_ray paths( 100 ax fig



https://docs.obspy.org/packages/autogen/obspy.taup.tau.Arrivals.html#obspy.taup.tau.Arrivals
https://docs.obspy.org/packages/autogen/obspy.taup.tau.plot_ray_paths.html#obspy.taup.tau.plot_ray_paths

X T AN R T B B g AR, A B plot_rays O J5ik. IR
i), Hrb S B E SRR AR B 513K
import numpy as np
import matplotlib.pyplot as plt

rom obspy.taup import TauPyModel

~ |~~~
W
~

(
(




model = TauPyModel ( )
ig, ax = plt.subplots( dict( True))
or phase, distance in PHASES
arrivals = model.get ray_paths(7600, distance
[phase])
ax = arrivals.plot_rays(

| horizontalalignment='center’, |
r = model.model.radius_of_planet
model.model.s mod.v_mod.cmb_depth

ax.text(np.deg2rad(180), mr

| horizontalalignment=‘center’, |

plt.show()
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29.Cross Correlation Pick Correction (32X AHFXHBERIE)

%19 FE R WIRT T 55 PR A 1 52 RS AR IR T AR AL, LAE LY IEAE B oMb vk e e i B —
R R UGB TE] . 3218 [Deichmann1992 1 /572, B AH < bR B 191 e 38 4o e KA B3 ] FH
WA EANA -

NHBESHOFRIER B4R, 7T DLk £ R s BUR s E K A A B . 20
xcorr pick correction().

BB ITERFE BT 21 2 IS AR TEAIAH R A O SR8, 4T I B AB AN T b 28 25 408 A
KA Z: B 1
No preprocessing

Time correction for pick 2: -0.014459

Correlation coefficient: ©.92
Bandpass prefiltering

Time correction for pick 2: -0.013025

Correlation coefficient: ©0.98

from _ future__ import print_function
import obspy
from obspy.signal.cross_correlation import



http://docs.obspy.org/tutorial/code_snippets/xcorr_pick_correction.html
https://docs.obspy.org/citations.html#deichmann1992
https://docs.obspy.org/packages/autogen/obspy.signal.cross_correlation.xcorr_pick_correction.html#obspy.signal.cross_correlation.xcorr_pick_correction

©

[))
+
>
~ |~
~ [~

stl = obspy.read(path
st2 = obspy.read(path

+

rl = stl.select(
2 = st2.select(

+
R

~+
=

obspy.UTCDateTime(
obspy.UTCDateTime(

N
~

- 000000000_]
# estimate the time correction for pick 2 without any |
preprocessing and open 0|
# a plot window to visually validate the results |

dt, coeff = xcorr_pick correction(tl, trl, t2, tr2, 0.05, 0.2

(o}
~

dt, coeff = xcorr_pick correction(tl, trl, t2, tr2, 0.05, 0.2

© | (o)
=
~
—~
=
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30.Handling custom defined tags in QuakeML and the Ob

sPy Catalog/Event framework (¥£ QuakeML F1 ObsPy K H 3%/

BHFRELR AAE B  XARil)

B T QuakeML FrifisE X “usual” {E 224, QuakeML i LA H & Lt E. Bt
Vs

® o HE Nans S aEMEE] QuakeML Ay 4 2 [ AR id

® b HE Ldn s AT AR H] QuakeML i 44 45 ] T ER

ObsPy 7] AZERA /it QuakeML FI A i AL PR 2R A0 R b A H E UARiC AT H
& S

LA FE A7~ 51 356 B el 4 FH 2 S xml A/ 8 1 A R QuakeMIL SC A
rom obspy import Catalog, UTCDateTime

extra { True

—
-

UTCDateTime(

- 00000000_]
| ‘namespace’: 'http://some- |
page.de/xmlns/1.0', 0000 |
page.de/xmins/1.@}my attribl': '123.4", |
| 0000000 {nttp://some- 00|
page.de/xmlns/1.0}my attrib2': 's67°}}, 000000 |
| ‘namespace’: 'http://some- |
| ‘namespace’: 'http://some- |
| 00000 type': ‘attrdbute’, 000000000 |
| 0000 namespace’: 0000000000000 |
- 0000000_]
cat - CatalogO) 000000000000 |
cat.extra - extra 0000000000 |
cat.write('my _catalog.xml', format="QUAKEML', |

cat = Catalog()
cat.extra extra
cat.write(

FIT A A7 1E H 7€ X QuakeML HE B A7 N A H € X5 S (Wl Catalog,  Event,
Pick) 1] extra JEVEM] dict BY AttribDict X} % . KT HE xml AR1CIBFR, xml AR



http://docs.obspy.org/tutorial/code_snippets/quakeml_custom_tags.html
http://docs.obspy.org/tutorial/code_snippets/quakeml_custom_tags.html
https://docs.python.org/2.7/library/stdtypes.html#dict
https://docs.obspy.org/packages/autogen/obspy.core.util.attribdict.AttribDict.html#obspy.core.util.attribdict.AttribDict

FE— A E S 'value'sE SUPRIE I P B OR G745 H 30 T A AE SO xml Bt A
'namespace' W ZUNIMCTR E H € X4 2. type' n] I T8 € HIME B NAFEN T ILER
(‘element', default) IEEfFEfiENEME Cattribute’).  HE X FICER KB LLLLF L)
Aoy attrib's AN R T EEAFHIRTEAE, vt xml o 0 A 44 S A1 4 5 R AR e BT 4
N QuakeML, J7 ik RN fim 44 7% (8] 4 5 R - PR nsmap S84 fit45 Catalog.write(). 4
F) xml iy tH 40 R B
?xml version encoding
g:quakeml xmlns:q
xmlns:ns@
xmlns:my_ns
xmlns
eventParameters publicID

v

my_ns:my_attribute
ns@:my_tag ns@:my_attribl
ns@:my attrib2 true</ns@:my_tag
my ns:my_tag 4>2013-01
02T13:12:14.600000Z</my_ns:my_tag 4
ns@:my_tag 2>True</ns@:my_tag 2
ns@:my_tag 3>1</ns@:my_tag 3
eventParameters
g:quakeml
FHRAEM read events()ViSEHX_Ei& xml I, H & SCRICH AR AT I BT BAH R 4 S A0
% (FEMHRBIFRA Catalog X %) N “extra”s 1HIER, A EASE N AR FZLRF B3
rom obspy import read_events

“H

cat = read_events(
print(cat.extra)

~

>
+
+
]
.
o
o
[y
0
+
~
~
—
~
~
g
~
— —
—


https://docs.obspy.org/packages/autogen/obspy.core.event.catalog.Catalog.write.html#obspy.core.event.catalog.Catalog.write
https://docs.obspy.org/packages/autogen/obspy.core.event.read_events.html#obspy.core.event.read_events

page.de/xmins/1.0', 00000 |
page.de/xmins/1.0', 00000 |
L uwvale:13p |

H € hR%E AT DL -
rom obspy import Catalog
rom obspy.core import AttribDict

0n

ERE > A I
N
+ |+
Q|
0q |oa

my_ tag = AttribDict()
.namespace = ns
.value = AttribDict()

my_tag.value.my nested_tagl - AttribDict()
.value.my nested_tagl.namespace = ns
my_tag.value.my_nested tagl.value = 1.23E+10

=
<
+
(3]
(0]

my_ tag.value.my nested_tag2 - AttribDict()
my_tag.value.my_nested_tag2.namespace ns
my_tag.value.my_nested tag2.value True

cat = Catalog()
cat.extra = AttribDict()
cat.extra.my_tag my_ tag
cat.write(
ORI PA R AT xml a1 -
?xml version encoding
g:quakeml xmlns:q
xmlns:ns@
xmlns
eventParameters publicID

N

v

ns@:my_tag
ns@:my_ nested_tagl>12300000000.0</ns@:my_nested tagl
ns@:my nested_tag2>true</ns@:my_nested tag2
ns@:my_tag
eventParameters
g:quakeml
B I XML AT LR read events()EREX, #xEARZE A R 515G R
rom obspy import read_events

“


https://docs.obspy.org/packages/autogen/obspy.core.event.read_events.html#obspy.core.event.read_events

‘

cat = read_events(
print(cat.extra.my_tag.value.my nested tagl.value)
print(cat.extra.my_tag.value.my nested tag2.value)

g5

12300000000 .0

“

rue
AT LM A OrderedDict 44N g P47 il UM im 25 R I -

rom collections import OrderedDict

rom obspy.core.event import Catalog, Event

0n

‘\‘\‘\‘\‘\

~
=
n

-

my_ tagl
my tag2

>
0n

—~
-

event = Event()

cat = Catalog( [event])
event.extra = OrderedDict()
event.extral

event.extral

cat.write(

| —
—
N—r

31.Handling custom defined tags in StationXML with the

Obspy Inventory (f#/ Obspy Inventory Z:FE StationXML HHHH

K& XHR%E)

AT HE AR 7451 156 BH A ] i 625 FOA xml B30 /)@ LR StationXML SCHF
rom obspy import Inventory, UTCDateTime
rom obspy.core.inventory import Network
rom obspy.core.util import AttribDict

extra = AttribDict({

Sh[Sh [
P
P


https://docs.python.org/2.7/library/collections.html#collections.OrderedDict
http://docs.obspy.org/tutorial/code_snippets/stationxml_custom_tags.html
http://docs.obspy.org/tutorial/code_snippets/stationxml_custom_tags.html

UTCDateTime(

-
N

i

nv = Inventory([Network(
inv[@].extra = extra
inv.write(

R —
| 0 value':u'Trwer, 00000 |
| ‘namespace’: 'http://some-page.de/xmins/1.0' |
| ‘namespace’: 'http://some-page.de/xmins/1.0' |
| ‘value': UTCDateTime('2013-01- |
| ‘namespace’: 'http://test.org/xmlns/@.1' |
| ‘value': 'my attribute value’, 00|
| type': ‘attrdbute’, 000000000000 |
| ‘namespace’: 'http://test.org/xmlns/@.1' |
- $ 0]
- 0 0000000000_]
inv[o].extra - extra 0|
inv.write(‘my_inventory.xml', format='STATIONXML', |
| ‘'somepage ns': 'http://some- |

BAEAEEHI B StationXML HFIFTA H & UG B Z1LL dict B AttribDict Xf R HITE R
TefE, YE NN G € X2 B KX R i.extra B (Fl40, Network, Station, Channel).
FAEFAE xml PRICHIAFR, xml FRICHT A ZEAE R B 3 sE e 'value' € PRGN 2 O
R B RN AR xml i H ). 'namespace' W AUNAR LR E H € 4=
B ‘type'n] H T4 BSME B PAFME AT IuER (element', default) iR A7ifi N @ M

(attribute’) s HE X TILRPEM R DLLL I Sy “attrib”.

W T A AT, B xml A B 4 S (A 4 5 AT DR H TR FE 2N StationXMIL,

T3 1R A TR 8] 4 5 W BUPE Y nsmap SR BESS Inventory.write()o xml i tH 41 F B

7

P53 >
5 7
=
>
0n
0n
o
=
D
©
()
0Q
IfD
>
0n
v

?xml version encoding
FDSNStationXML xmlns:my_ns

xmlns schemaVersion
Source>XX</Source
Module>0ObsPy 1.0.2</Module



https://docs.python.org/2.7/library/stdtypes.html#dict
https://docs.obspy.org/packages/autogen/obspy.core.util.attribdict.AttribDict.html#obspy.core.util.attribdict.AttribDict

somepage_ns:my_attrib2 True</somepage_ns:my_ta

my ns:my_tag 4>2013-01

somepage_ns:my_tag 2>True</somepage ns:my_tag 2

PR T XML IS, {8 FH read inventory(), B & XAriC AT 31 v A" extra' i
FIHH L PR 28 R0 5 (FE o T 9 Inventory B4 EVER, FFE EEME N SCAR T4 R

rom obspy import read_inventory

inv = read_inventory(
print(inv[@].extra)

AttribDict({

-
N

AttribDict({

-
N

AttribDict({

(-
g

AttribDict({

> . o
= a2
ot =

g o

=

- A

+

~

)

~
N—r

AttribDict({


https://docs.obspy.org/packages/autogen/obspy.core.inventory.inventory.read_inventory.html#obspy.core.inventory.inventory.read_inventory

-

N
-
N

H € ChR2E AT DL -
rom obspy import Inventory
rom obspy.core.inventory import Network
rom obspy.core.util import AttribDict

0n

E ERE =] A [ [SH
NN
+ |+
Q [T 5}
(0] 0Q |09
>
[<9)
s
1]
0n
©
Q
(@}
D

my_tag = AttribDict()
ns
.value = AttribDict()

.value.my nested tagl - AttribDict()
.value.my_ nested_tagl.namespace = ns
.value.my nested tagl.value = 1.23E+10

=
<
+
(3]
oQ

E] 3
M
+ +
() ()
oa 0q

.value.my nested tag2 - AttribDict()
.value.my nested_tag2.namespace = ns
my_tag.value.my_nested tag2.value True

=
i~
+
(3]
oQ

‘

inv = Inventory([Network( )]
inv[@].extra = AttribDict()
inv[@].extra.my_tag - my_tag
inv.write(

~
—
N

ORI PA R AT xml a1 -
?xml version encoding
FDSNStationXML xmlns:somepage_ns

xmlns

v

schemaVersion
Source>XX</Source
Module>0ObsPy 1.0.2</Module
ModuleURI>https://www.obspy.org</ModuleURI
Created>2016-10-17T18:45:14.302265+00:00</Created
Network code
somepage_ns:my_tag

somepage_ns:my_nested tagl>12300000000.0</somepage_ns:my_nest
ed_tagl

somepage_ns:my_nested tag2>True</somepage ns:my nested_tag2



somepage_ns:my_tag
Network
FDSNStationXML
i XML AT LAEH read inventory()FR XL, HREARZEATH TR 77 52K
rom obspy import read_inventory

inv = read_inventory(

print(inv[@].extra.my_tag.value.my nested tagl.value)

print(inv[@].extra.my_tag.value.my nested tag2.value)
él:'il:%:

12300000000 .0

32. Creating a StationXML file from Scratch

(M Scratch A& StationXML 3C/4)

TEHLE 2 P A I TR AN 2 [ E X StationXML SO AR i R ] 48 ObsPy 58 BIX KE
PUESSEER, XA EESE XML SRR S B E R S M, HEmsciegt r—M
5 ObsPy MR B EHLA G L, FEHAT MR R AL R AR

X B AR E X FDSN StationXML standard. 5 — € 1 T . FRATKG Q1% — A A 24 187 5 1
StationXML X1, HHHFZSEATEN . ObsPy K 1E 5 NI HEHE H AR 206 UE A4 i
StationXML (1, LATRIRER A SCAERT StationXML ARG 2. FEIER T ObsPy P
TR,

.
.

code
latitude
longitude

code code

description location_code

latitude

elevation
start_date
end_date

longitude
elevation
depth

dip

azimuth

sample_rate
start_date

end_date
response

T KHEER R — ARG, P % A L2053 |2 53 LR — ™ Inventory X} % . Inventory
Al VAL B AT B EE R N0 B, X B0t G nT DLAL B AT SR ) AR X R, X e T B X n]
DA AR ERNEEN S X TRAMEE, 0B AN response J& .

{# ] ObsPy [¥] NRL 2 /¥, AJ PAA IRIS DMC Library of Nominal Responses (NRL) HHEx4&
AR ] 7 4 G B n 3 B ME T



https://docs.obspy.org/packages/autogen/obspy.core.inventory.inventory.read_inventory.html#obspy.core.inventory.inventory.read_inventory
http://docs.obspy.org/tutorial/code_snippets/stationxml_file_from_scratch.html
https://www.fdsn.org/xml/station/
https://docs.obspy.org/packages/autogen/obspy.core.inventory.inventory.Inventory.html#obspy.core.inventory.inventory.Inventory
https://docs.obspy.org/packages/autogen/obspy.core.inventory.inventory.Inventory.html#obspy.core.inventory.inventory.Inventory
https://docs.obspy.org/packages/autogen/obspy.core.inventory.inventory.Inventory.html#obspy.core.inventory.inventory.Inventory
https://docs.obspy.org/packages/autogen/obspy.core.inventory.response.Response.html#obspy.core.inventory.response.Response
http://ds.iris.edu/NRL/

import obspy
from obspy.core.inventory import Inventory

Channel, Site
from obspy.clients.nrl import NRL

Network, Station

inv = Inventory(

[]

net = Network(

obspy.UTCDateTime(2016, 1, 2))

sta = Station(

1.0
2.0
345.0
obspy.UTCDateTime (2016, 1, 2)

Site( ))

cha = Channel(




200)

response = nrl.get_response(

cha.response = response
sta.channels.append(cha)
net.stations.append(sta)
inv.networks.append(net)

inv.write( True)

[08)

w

(@)

o —

= ~

=

o

(9]

-+

5. l®
0Q ®
(= —
o

Q —

(7]

(g]

(]

Q.

L

=

=

(V2]

()

-

<

()

-

~

w

w

g°]

g]

Q

c

=

x | —
P

o8

(O

obspy.clients.seedlink 1% Ht 2 it T Python =2 Bl f Seedlink & F ¥ #p i
obspy.clients.seedlink.easyseedlink Tl 5 SeedLink SZEL A = 2% 11, A Bh T-41) 4 SeedLink


http://docs.obspy.org/tutorial/code_snippets/easyseedlink.html

% 1
1) create_client FR%

18] create client() PR 4617 — N 1) EasySeedLinkClient 25 /& 1% #: %1 SeedLink AR 55 2%
BT V. B2 — M SeedLink RSS2SR (1 BB B E v 240, il
def handle _data(trace)

print(

print(trace)

print()

LG RR B J5 AT LAY SeedLink I 55 #% URL —[Flf& 45 create client() G — N5/ B :
client = create_client(

handle data)
B v E AN I S BB R IR 254

def handle data(tracey: |
| print(tracey 0000000000000 |
T

a) Ki% INFO B RBIR %28

% i af LUK IE INFO 18 3R B iR 5% 45«

client.get _info(

INFO 185 3K [ B2 XML A& . & P e it TR RZ AT IR 5535 Dhae r i =8 (&
i —~ INFO:CAPABILITIES &R )
client.capabilities

o> client.capabilities |

VTR PR SR BN NTIX L I RE, IR S 3T 5247

b) MRS #$EHEEE R

N T IFUERE R E, T SEIET select stream()PREEFR /D — stream.
client.select_stream(

Z A~ stream WA DA, KR SeedLink ACAT:
client.select_stream(

HEFE stream J5, &/t ERS LFHE N streaming R T
client.run()


https://docs.obspy.org/packages/autogen/obspy.clients.seedlink.easyseedlink.create_client.html#obspy.clients.seedlink.easyseedlink.create_client
https://docs.obspy.org/packages/autogen/obspy.clients.seedlink.easyseedlink.EasySeedLinkClient.html#obspy.clients.seedlink.easyseedlink.EasySeedLinkClient
https://docs.obspy.org/packages/autogen/obspy.clients.seedlink.easyseedlink.create_client.html#obspy.clients.seedlink.easyseedlink.create_client
https://docs.obspy.org/packages/autogen/obspy.clients.seedlink.easyseedlink.EasySeedLinkClient.select_stream.html#obspy.clients.seedlink.easyseedlink.EasySeedLinkClient.select_stream

X MRS BRI IR A AL s . 72 RS SR U I B A Se B ER RN, A R R R
VA e SR pR
Received new data
BW.MANZ. . EHZ 2014-09-04T19:47:25.625000Z 2014-09
04T19:47:26.770000Z 200.0 Hz, 230 samples

eceived new data

-

BW.ROTZ. .EHZ 2014-09-04T19:47:22.685000Z 2014-09
04T19:47:24.740000Z 200.0 Hz, 412 samples

Received new data
W.ROTZ. .EHZ 2014-09-04T19:47 :24.7450007 2014-09
04T19:47:26.8000007 200.0 Hz, 412 samples

eceived new data
BW.ROTZ. .EHN 2014-09-04T19:47:20.8700007 2014-09
04T19:47:22.9250007 200.0 Hz, 412 samples

e

Received new data
BW.ROTZ. .EHN 2014-09-04T19:47:22.9300007 2014-09
04T19:47:24.9850007 200.0 Hz, 412 samples

2) BB TRUE PN

XIT L, 487K EasySeedLinkClient 28 7] DLEE S M= . N AR SEIL 5 b [HIAH ]
[R5 7 i
class DemoClient(EasySeedLinkClient)

def on_data( trace)

print(
print(trace)
print()

class DemoClient(EasySeediinkClient): |
- 0000000000_]
| A custom Seedlink client 0000000000 |
- 0 000000000_]
| def on data(self, trace): |
- 0 0000000000_]
| Override the on data callback |
- 0 00000000000_]
| print(tracey 0000000000000 |
. printQ |


https://docs.obspy.org/packages/autogen/obspy.clients.seedlink.easyseedlink.EasySeedLinkClient.html#obspy.clients.seedlink.easyseedlink.EasySeedLinkClient

