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Observing Earthquake Today

™I
We can’t stop an earthquake, but we
can use observation data to ensure

protection for tomorrow!

Upgrade 1&11
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Hazard Map - Know your risk zone
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Earthquake Early Warning (EEW)

Detection Latency (including processing)
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Deep learning -Based EEW
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® GRAPH REPRESENTATION

Graph Neural Networks (GNNs) -Based EEW

@ INFORMATION PROPAGATION
(MESSAGE PASSING)

DISTANT STATION
PREDICTION
Farthe farther from
early warning info

PREDICTION

DISTANT STATION
early warning info

CORE CONCEPTUAL FRAMEWORK OF GNN-BASED EEW

(3) DATA FUSION & PROCESSING

— GNN Layers

OUTPUT GRAPH

INPUT GRAPH
(Waveforms)

Intensity, Lead Time)

(Predictions: Magnitude,

S

g A) FASTER DETECTION
& RESPONSE

of initial waveform data.

Increased lead time.

Triggering within 3-5 seconds

Globally informed decisions.

B) ACCURACY IN NOISE &
. SPATIAL ROBUSTNESS

\ Handles irregularly spaced
sensor networks. Robust to
4 signal noise and low SNR, even
with limited input data.

KEY BENEFITS FOR EARLY WARNING

C) IMPROVED MAGNITUDE
& INTENSITY ESTIMATION

/\/' Reliable estimates for major

events (e.g., via PEGSGraph).

0 Il] Reduced uncertainty, crucia!
for real-time safety.

Graph Representation:

Nodes (V): Each node represents a seismic
station recording 3-component waveform data
(North-South, East-West, Up-Down).

Edges (E): Edges represent the spatial
relationships or "links" between these stations,
which can be pre-defined by distance or
learned dynamically by the network.

Faster Detection: By exploiting locally
available data from the first few stations
to "trigger," GNNs can make globally
informed predictions using very short
time windows (e.g., just 3-5 seconds of
initial waveform).
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PANEL 1: THAILAND SEISMIC STATION NETWORK (TM Network)

023N

Thailand TM Network: 97 Seismic Stations

18.58"N

16.75"N

14.55"N A

1235 1

11.65"N 1

695N 1

0.65"N 1

A Mbﬂmmﬂ
@ Sorfess s tensers

e

O7.96"E

PANEL 4

'??.EI'E"E W01.27°E 10247E 10331°E 104.47°E 1054TE

GRAPH CONSTRUCTION

Graph Neural Networks (GNNs) -Based EEW

PANEL 2

HISTORICAL TRAINING DATA FOR GNN MODEL

PANEL 3

REAL-TIME DATA COLLECTION

Historical Training Data for GNN Model A _qlr_ _,ul.!.;|.,,..u,..
o istorcal Waveforms s o e
P . . —— _'h;l'l ......
E MAGNITUDE === @ —-‘d'h‘rm-—-—-— " EP‘I.(E_NTEI? TM statlons P-wave  S-wave
g LOCATION ’ —7 » el Tg \ ' B —p A
LAT, LOK, DEPTH) LS @ AM e g * / el B
= EVENT = W -
— TIME CATALOG P-wave & S-wave - s - .
Records TIME & . .
=) W | ——
&) Training Dataset Characteristies d) Data Preprocessing ™ :ﬂm . Ft:m gl_'w A
mly YEARS OF DATA
1] (eg. 20 Years) . P-WAVE ARRIVAL §-WAVE ARRIVAL
NUMBER OF EVENTS (= ? | . 8|} ]
=(0) |s.p.=5.000) w * * x * N § Ijvl YT P—— ‘é -ﬂnrww'vww » iy v ]
WAVEFORM FEATURES RAW  FILTERING NORMALIZATION FEATURE 2| gl ) T
(-9, Amplitudt, Frequency, Duratien) 1 SXTRACTM : s R . PROCESSING
L TIME TIME CERTER )
FEATURE EXTRACTION EARLY WARNING ALERT
PANEL 5 GNN PROCESSING % FREDICTION PANEL 7 DISSEMINATION
LAYER 1 LAYER2  LAYER3  LAYER4 T

WARNING
LEAD TIME:
30-60 SECONDS

LIGHT MODERATE STRONG
SMARING SKARINE  SHEKING
[Lew RNS) (Mellinm Risk) [MRgh RIES)

\

MOEILE APPS

o (]

PUELIC ALERTS

Berehcle

LEGEND: A Brosdband

SENS0ME SENSOTS SENS0MS

Sorface HHx ACC STIAffinlty Short-peried ____ YEARS OF DATA
@ O ’ {e.g.. 20 Yeais)

a a H MAGNITUDE
I H H ESTIMATION
u =) d P-WANE ONSET
[ |
=
g 3] A R
] PEE
—|H |1 I, ® ' LocaTion
= >~ s - ' ESTIMATION
B | |- SPICSNTER
| 5
H
(L]
[m] (m] m]
|m = =
= a i BEPTH
H H H ESTIMATION
LAYER 1 LAYER2  LAYER3  LAYER4 COMERENCE
NUMBER OF EVENTS WANSFORM == RAW * FEATURE 7] MOBILE
~ (2.0, ¥5,000) FEATURES oara Y FILTERING X Normatization 13 FRRRAE L wla] MOR

TRAFFIC
LIGHTS

r
] &, EMERGENCY (¢ PUBLIC
M suLomss [ Serncee o’ fLEkTS



TL\/%

Observing Earthquake Today
to better Protect for Tomorrow

Patinya Pornsopin



	Observing Earthquake Today �to better Protect for Tomorrow
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Observing Earthquake Today �to better Protect for Tomorrow

