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— Earthquake detection

— Earthquake location
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— Template matching (waveform-based method)
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— Foreshocks, aftershocks, tremors, ....
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Earthquake!

Seismic waves recorded at three stations:

North

L.East Where did it happen?

From Peter M Shearer
http://igppweb.ucsd.edu/~shearer/SCECERI/
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Measure seismic wave arrival times
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From Peter M Shearer
http://igppweb.ucsd.edu/~shearer/SCECERI/
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P-wave arrival times
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From Peter M Shearer
http://igppweb.ucsd.edu/~shearer/SCECERI/
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Possible event locations at 8 s (red circles)
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From Peter M Shearer
http://igppweb.ucsd.edu/~shearer/SCECERI/
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Possible event locations at 7 s (red circles)
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From Peter M Shearer
http://igppweb.ucsd.edu/~shearer/SCECERI/
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Possible event locations at 6.5 s (red circles)
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From Peter M Shearer
http://igppweb.ucsd.edu/~shearer/SCECERI/
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three stations
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From Peter M Shearer
http://igppweb.ucsd.edu/~shearer/SCECERI/
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Imperfect
convergence

from multiple
stations

From Peter M Shearer
http://igppweb.ucsd.edu/~shearer/SCECERI/



Processing

NCKU ES

33221480 SRT 33221430 WR 38221480 WOR
a 7 T T T T T T T T T

{'N{‘ M‘MWUW W : A‘ﬂ‘ﬂ!'im‘"ﬁﬂ a\l‘ﬂfh’[ ﬁ“ M “‘ﬁk - I tpmaing A#MWMTL%‘M{WM

18 \ .
o - i I
[ I

'MWMMMWMMMM% “ WMWM“MWWWWW e

p——

J - I S
il W\Wtb I w MWWMH‘ Z MAvMww=sﬁ‘m'«l\\‘]}aﬁ‘&ﬂ“li*e'd«ﬁfwﬂ%'tﬂh‘ i S
I S~ | R S - ﬂf,---:f-ﬁ,\--_,h___é - \ -

Black: data waveform

Purple: waveform envelope

Green: P & S arrivals

Blue : kurtosis

Red : positive time derivatives of kurtosis functions



black solid lines : stacked
kurtosis functions

blue stars: OT of potential
events

Blue vertical lines: OT of the
events in SCEC catalog

Red vertical line: OT of the
mainshock

black dash line: the
selection threshold

jection results
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Soft attention

* Why deep learning ? Origin image mask
e Seismic phases

— P & S waves

e Attention mechanisms
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e Attention U-net
— U-Net & XN\ x & /7 #%)] (attention mechanism)
— 4B P EIEPRSK 0 [FIRIRH)

Shape = Height x Width x Channel/Kernel maps
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(a) SCSN 2008/01~2019/06
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 The number of earthquakes detected by GAMMA
is more than 20 times of that in SCSN catalog
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* More complete catalog
* More foreshocks before the Mw6.4 event
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* Automatic earthquake monitoring
* GPU for near real-time

— Backprojection: hourly data takes 2.5 minutes
— TMA: daily data takes 2~3 hours (>32,000 events)

* Provide a more complete catalog
— Foreshocks & aftershocks analysis
* Physical mechanisms of faulting

— processes of faulting, nucleation of earthquakes,
earthquake triggering mechanisms, postseismic
deformation, ....






