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Abstract

Earthquakes are one of the critical threats faced by Taiwan, posing sudden and
destructive dangers to public safety and economic activities. Therefore, effectively
reducing damages caused by earthquakes has been a focus of public concern. Traditional
earthquake early warning methods typically rely on the observed characters of seismic
waves, but these methods often have limitations in terms of warning time and accuracy.
By integrating machine learning technologies, earthquake early warning systems may
perform better data analysis and issue alerts earlier. Thus, the reaction time can be
increased and potential losses can be reduced.

This project aims to develop enhanced earthquake early warning systems based on
machine learning technologies. The major investigated problems are on the following
three folds. First, seismic waveform data from the seismic stations near the epicenter are
used to predict the peak ground acceleration (PGA) at target locations farther from the
epicenter. We propose two models for predicting PGA: one utilizes a multi-view graph
attention network, while the other combines the node feature propagation on graph neural
networks with the attention mechanism of Transformers to enable PGA predictions for
remote locations. Second, Transformer technologies are exploited to conduct automated
P-wave picking in order to accelerate identifying the earthquake events. Finally, a
realtime system is developed with the transmission protocol MQTT to enhance
transmission efficiency and scalability. The warning alerts are sent via Line Notify.

The results of these three studies are expected to improve the accuracy, speed, and
reliability of Taiwan’s earthquake early warning systems and reduce the threats of
damages caused by earthquakes.

Keywords: Neural Network ~ Earthquake Early Warning System~ PGA prediction
P-wave Picking
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Abstract

Taiwan is located at the boundary between the Eurasian continental plate and the
Philippine Sea plate, making it one of the most seismically active regions in the world.
Due to its complex geological structure, approximately 20,000 earthquakes of varying
magnitudes occur annually, some of which are destructive and even fatal. This high
frequency and intensity of seismic activity pose significant challenges to earthquake early
warning systems and disaster mitigation efforts, driving continuous advancements in
related research. In recent years, deep learning technology has been widely applied across
various fields due to its exceptional capabilities in data processing and pattern recognition.
In the field of earthquake research, deep learning has been employed for various tasks,
such as P-wave picking and peak ground acceleration (PGA) prediction, achieving
remarkable results. In this study, we leverage deep learning technology and focus on four
main research topics. Pre-training models on large-scale seismic datasets to develop
generalized earthquake analysis models. Exploring pre-training techniques for single-
station earthquake early warning models to enhance the accuracy and robustness of
applications using limited or single-station data. Developing regional earthquake early
warning models to adapt to Taiwan’s highly variable geological conditions. Investigating
and improving automatic P-wave picking models to enhance their precision and
performance. Furthermore, we have refined the P-wave picking model currently deployed
in the Central Weather Administration’s MQTT system by integrating a Decision-Making
model. This improvement aims to reduce the false alarm rate in practical applications.
Through this enhancement, we seek to improve the reliability of our P-wave picking
model in real-world earthquake early warning systems, providing a stronger foundation
for rapid response and disaster mitigation efforts.

Keywords : Deep Learning, Pre-trained Models, Single-station, Multi-station
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Tokenizer * & 47 ' /4% > 4o @] 2.1 #7577 o

59



Discrete Labels

I \ 4

Acoustic [| AR T Audio
Tokenizer adcatald SSL Model

Unlabeled Audio

T |

Knowledge Distillation

B 2.1 : BEATSs 3% % § 235 2" ¥7 2 B

Fo ok R d g EEF R F 0 kTR Tokenizer © F]yt 4% *  Random-
Projection Tokenizer> & z 7 — i linear projection layer fv— ‘ codebook embeddings-
u‘ja?‘] ~ b Bog A AL P 3% B~ patch sequence 0 1€ * SE 4547 451 <0 projection layer
#- patch sequence #& 4% = K B2 % & 0 2R {8 AL 847 4 1* e codebook embeddings #
B CAPEHF e R ET A o BAURR TR S B E S E DR e
2.2(2) %57 o

= B By I - i e SSLmodel 1F 5 EEF R KPURF W
#% i e Tokenizer » i = Self-Distilled Tokenizer - & -t #- input patches ﬁs?] gt o K
e Transformer encoder » J& {8 %G che £ F 7 > & B %+ £ £ j¥_ codebook
embeddings ¥ 5 P B iTHMAw E REFEL A BEE I B £ AEF]ITL 8~
& * — = & Transformer estimator X ¥ B f7 -] cd {5 — & ﬁs?] e 205 P R A
tokenizer estimator m@?] IR 7ok EF A mﬁﬁj DB F|ZBaEZipE LR M
Be BB IeR e B A2 B aus 51 0 R 2.2(b)#1 T o
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o,

o,

v 5w
e Teacher ™% .. . ==
Yo [Ei

|
| Lo | L0 | 2ee
i L ) Byy

Cosine Similarity Loss
Tokenizer Estimator

G20

A

Frozen Codebook Embeddings Learmable Codebook Embaddings

Straaght-
Through
Crrudients

Nearest

Neighbor

Lookup I

ki) nonaafony

2P0 IZUINO L

{a) Random-Projection Tokenizer (b) Self-Distilled Tokenizer

B 2.2 0 #* 3024 = 3RCR 4 Tokenizer 73] % 1 B

SSL model ™ VIT[2] % # ¥ 5 4 % % % > % I -  Masked Audio
Modeling(MAM) iz 5% * »* SSL model #3g "5 o — B 4oL "E1%:E Y 75%+ input
patch sequence ° % {$ #-A & ¥ 7 patch sequence ﬁa?] » VIiT encoder > J& ¥ encoded
representations © £ #-A £ ¥ encoded representations fri ¥ patch features £ & - &
fs ﬁ%l ~ i& label predictor % FER|3EATIE 4 o @ 25 P & 5 & & &0 cross entropy loss
4o @] 2.3(a)# 7T ©

@ . fine-tuning * > SSL model Z # 7 label predictor > I £ 4c + = K
Transformer[3] encoder {r linear layer » % 3fip] PGA o iy » & H =k b R3]
AL R REEE Y 50%¢ - -2 & L patch sequence’ B IE R A B0 € AT patch
sequence ﬁg?] > & 3E P 4F e SSL model( & label predictor) © # = encoded
representations > *4 7 #- encoded representations mﬁ%] » &> k& Transformer encoder
o gE R der — e BE 0 % RIER] PGA v BB MATA » i B iy g
3| linear layer’ & 2 3g | PGA &> Loss * Z F PGA {-3fF] PGA 7 MSE v MAE
Ap e R EPTHR AeB) 2.3(b)#roT o b ¢k > baseline model % - & Transformer encoder
Fr linear layer( ¥ #% “ﬁ% e A ¢ 32" $uen SSL model) o
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Loy = MSE + MAE

LA
s b
1
L
Masked Awdio Prodiceim Liss — i
i l I I
g la | fe P TR TR TORE S I"r;:»;ml | | | |
> g L 0
Tage &5 [% R u | 1 1 S Trandermer Facoder
5L N ) P 1 1)
Y g 1 o Label Predictor ==l R A
[N ", B "t iy Ty LT
1 I pl‘I I n\I‘l 1 ;L; w— i, £ T
4 n n " Wepepamtationy Troned Encoder
' L |
" n Ty s e ;""f‘““"‘»’“ el. o € e e!. el,- €.
: ' l ' I ' crevsontations ' I ' l | |
it
h‘u:m l
Tmnsformer Encoder | h |
J - .
I I l I Unmsaskod Pk
) " T "'- 'I'= 'i' Embaldap
:hnud 8 | Projestion Layer
canre
Unmssskand
SN EEERE-
(1) Pre-training (b) Frne-tumng

] 2.3 © SSL model & 3¢ 2" At -] 78 1 W)

23 RE%E%

EARRIomA Y o @ PR T  1s~ 25~ 3s~4s~ S5s el Al FOR 0 B R
F AP TR S B A D0 B~ TN AR mask
e fEHCA e

2.1 RRFEEF & BHEAHMSE A~ #)
Time window 1s 2s 3s 4s 5s
Baseline 0.21989 0.20731 0.22036 0.228870 0.228875

Baseline (mask) 0.22865 0.21459 0.17920 0.20492 0.19813
Pre-training 0.21056 0.17527 0.17208 0.17201 0.16504

Pre-training (mask) 0.18304 0.17663 0.18565 0.18050 0.15354
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322 AplFEEF > F B MAE A #c

Time window Is 2s 3s 4s 5s

Baseline 0.02336 0.02347 0.02346 0.02358 0.02359
Baseline (mask) 0.02356 0.023338 0.02217 0.02309 0.02428
Pre-training 0.01979 0.01837 0.01796 0.01721 0.01627
Pre-training (mask) 0.01954 0.01855 0.01898 0.01776 0.01791

d & 21404 227 58 > & 1s~5s 9 MSE fr MAE 4 %t > Pre-training model
e IRy v Baseline model 4+ > @ % Pre-training model = i # » % $84 ﬁs?l L F AR

mask -] B 5t ﬁ%] » 4% mask GHCA4F o

B0 L RRTR E T EER > F iR F & 3% & $03] 59 Accuracy - Precision -
Recall ~ Fl-score - FP % 3 if] PGA f=§ % PGA #=> 25 Gal ; TN 5 g iF| PGA v
2 PGA 35<25Gal ; FP 5 77 ip] PGA>25Gal » 2§ 2 PGA<25Gal ; FN 3 4% 3¢
#] PGA<25Gal> iz § % PGA>25Gal-£ ## * FP~TN~FP~FN 2 * & ! Accuracy~

Precision ~ Recall ~ Fl-score % i& {7 " & o

%231 AplFEEY > & B A 9 Accuracy A ¥k

Time window Is 2s 3s 4s 5s
Baseline 0.99 0.99 0.99 0.99 0.99
Baseline (mask) 0.99 0.99 0.99 0.99 0.99
Pre-training 0.992 0.993 0.994 0.994 0.994
Pre-training (mask) 0.991 0.993 0.993 0.993 0.993
% 2.4 tpliE g Y & B ¢ Precision 4 #ic
Time window Is 2s 3s 4s 3s
Baseline 1.0 1.0 1.0 0.0 0.0
Baseline (mask) 1.0 1.0 1.0 1.0 1.0
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Pre-training 0.837 0.733 0.871 0.789 0.879
Pre-training (mask) 0.568 0.788 0.879 0.849 0.952
%250 RBFEEL o & B3] Recall » ¥
Time window Is 2s 3s 4s 5s
Baseline 0.014 0.006 0.003 0.0 0.0
Baseline (mask) 0.003 0.007 0.044 0.006 0.099
Pre-training 0.288 0.524 0.438 0.564 0.504
Pre-training (mask) 0.487 0.409 0.355 0.432 0.35
%26 wiplFEE Y > & BHcA e Fl-score 4 #ic
Time window Is 2s 3s 4s 5s
Baseline 0.027 0.013 0.006 0.0 0.0
Baseline (mask) 0.006 0.014 0.085 0.013 0.18
Pre-training 0.429 0.611 0.583 0.658 0.64
Pre-training (mask) 0.524 0.538 0.506 0.573 0.512

d % 23~4% 24~ % 254 2.6 {74 Pre-training model 7 Accuracy ~ Recall ~
Fl-score = % ¥ § " Baseline model - & #X i Precision ! - Baseline model 4 # % **
Pre-training model > 72 { Recall ¥ - Baseline model f* & 4 >% Pre-training model > #
7+ Baselinemodel 3 {% % FN /% o p* ? » Pre-training model 2-5s e B ﬂ;,h]

i A mask R & Hﬁ“@?] » A mask FECAAF o d PR B KT 0% 0 R

ﬁi%s-‘*]nwa sepe §les 6 oplab BAE R R ggm_gﬁ,io
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FzR : ANHAMBZ BB RFERT

31 i &

FERELEE %% 3 R ER %“'f?%%ﬁéﬁiw
S R 11 »/ﬁm: niﬁ,, o A B RE 2 g B e &
Wa 2 HERAFLFEESFEN R RS AT S PSR F R
R Bedp? P & 2 B E i plE Y o A 2 R e
BEAl S R R g i ek BATF R T TR AT

32 #F&peh

PRITL - AR EAER DA R 0 2Tk J,/t-fﬂ A% 2R
FehP o d 3 Rt FALRIMACE X BUR A B BT AR LT RGeS
AAX SRR 2o FEALZEL a0t F F 7 5 B RIFE & S(Earthquake
Early Warning System, EEWS ) i&jra 5§ SR e ah- BRlstle L30s o &
e RREELRADR BATIRHFA (PR{-SHA) BFERLE L FLER
BlAde P A RIF G AR PR BN S AT ERFF > To P RFHEFEER I R
EEHLBFRER -

WTE R B AR RSEARR T T EBAEIRECA S P A R R B R A 2
# i (Retrieval-Augmented Generatlon RAG) T = 5 #& 2 032 e > 2
[4][51[6] = #& & 3 % 2 = HOFHCARAE D B chd S A B e g L AR R £ 0 B
FAHR R S TR R R AR M LW SR T A S 2 SR il
Fﬁﬁwﬁﬁ°“ﬁﬁmﬁﬁ**ﬁﬁﬂ?”%%ﬂﬁﬁi@%ﬁﬁgﬁyﬁz
e R RN £ T = g

MR A NPT ER AR F A A B DAL TR AR EI
ﬁi%gﬁiﬁs?]% PEAFESAFTHRE ST T EE T R o 4 A
Al 2Rk hA#H L 2 S nBm? EFEETRDY 0 o SREMRFES
ZEETRREA SDBER S B AT E 2 N FEARB R R Lok o

Wl BAR AR P o R R A N HES G ER T L R od 3t B
P2 A RELTR RAB RS FRERE LB CRgd e e ERA
FRFTRAZRELF ST ORF: - SERZM T BT R EZIFRT VAR
#

PR e A TR TR B B RARS Y i

W Ty AP o ?".fsﬁ:’:— E >PIEHCA) 2% O] 2 Transformer 1% 5 28 &
FE P sk BB ey A r+ LR PR ;‘ﬁfmﬁgfrb B ARHL MY "*“fﬁu i‘%
3§iq¥;}igﬁgﬁ?uﬁ‘§\* IR gp ]%F‘?ﬁgﬁﬂrvpﬁf},@%ozﬁ‘p& i],;‘
ErEET BRI ErﬂéfF'“ BB F R ERIERE LR R R TR ka
FRET - AT
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33 * 2

AT etk BT g B9 EE 2k E &7 o
F3tE BE R PRI AR K S S BRI PR LR 85 N L F B
BB TN B A F o

F @k, WERYT chid ER ATHH*» ¥ ¢ 7= B (channel) &
I RRECROZ BAR 50 BT RIE TR - R AP S - BR
sherf ik 3 pF (primary wave pick time ) ¥F97F Plab e A58 (TR o ¥ E L
A5 0 EPE - BRIETIES 5 FLE PP 25 fren Ak e

Curtrom Event

Saation |
Convolutsoral
Mok
’
Grwtion W Lm I [ Positana | >
'
3 ’
;
Cakcuite PGA ((;)_, | Add ]
p Vel Gtation 1 J !
L = ‘
e [ B ]
L Mask Misiorcy
Fetnevo Biwton N Y Event Quput
. 4 - -
—_— - ,m',.," o
Hetrove 2 l
Data
el L.’ Mistorical Event Produted PGA Vakos

Bl 3.1:eq-RAG 3] % B

AP EL LA BLERE B EIER - AR EFE s D E 22 -
RE RGP KFREY R DA DR 2 Ry o R F AR B
i g g 2 R R FIOELFERLEFE RIFR o B AR 3.0
HETT o

1L wEMH

V2252 pEE et BEFRapRFL TEFTRE  d N ERLRaTmE
RN RS T FIC) SR8 S ) Al gt 4y R T
Flp- BETpE s - GRETRSEAFLFEFTHE S22 UK D=
(DY, BEeiT/U- 2 °? D;={ej e, .., e}, ex €ERV -

(2) &5 B plsk ez Bl o FIBRE T ABER T TR A B B
PR AT PR G RE B E o BF 0 HAPE A 2 hin
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L2 & it 1,{4—\\'»"3:53’*&—\151 o M WFiE- WEAR 0 A4 2T el’ll‘ixi
# iR 2k PGA iRl 2 e 1LF ‘}5\—%{%&%7‘ 1 H '@/E'Ji&@f”/ﬁ»q/—gg g
AR 0 w(j) & % B g (sample) ok o

w(),

)

IA
I/\

IN <13

J
w;(j) =
i<j<T

—.

C:I~] [E

@ Ed 72w ¥ PGAIREAF -

() FERMMTE AR EY GBS A R Ak
'fﬁ#—*ff*f‘-"}@’* B ood A g xR LA FORFE S R A AR ORI A A
FPEF TR A R R RS E AT A AN n o B A 3 0 L2
&E'#M‘ |47 3 B 4849020 @ cosine 4p 04 & (Cosine Similarity ) f=
F4p & (Inner Product) 4% = R £ Ap il R AXF o

N

E(Ci —€;)?

i=1

L2 Distance =

Di= 1Clel
\/Zl lcl \/Zl 1el

Inner Product = z cie;
i=1

Cosine Similarity =

B A R PE B (training phase) SN AE A Se - LSy s{ FARCT T

A fu}igl;é: » ¥ ,’,’;éjfg MEBB e K BEEYFEHER- BIF5 5 ]@?]

reE T B G e peE Ty ‘*?i Hoeip— Kvg g A 4o 03 Dl

R AN ﬁr‘é BoA L v gt 4 o A f2A5 1R E (decoding phase ) » P & 4%
Bodangdipnafe 2T £Y 0

S '? IFLFE %,IETﬁ#B f]/)i#f"f ) }f’l’fﬂ;@ﬁif; ﬁ’?‘%" Facebook % 2020 3:}_& 5'
S &

‘7 FAIS [7]> %1 B FHET FPEE SBE > 21 ) senfglsk

% o

TR FE £
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PRFE AP ER IS BE ol i SR s Bt g o 3 E2
& 2R bk A e R i Lot & Wy, ---'WlN} {(Wa1, o, Won 3 {G1y, -, Gin
{Ga1, ..., Gon}

(1) 6 & A -
Weon = concat([Wiy, ..., Win]; [Waq, ..., Won])
Geon = concat([Gyq, ..., Gin]; [G21, ) Gon])

(2) % #i#i-e (Convolutional Module) &3+ 32 jp] b Gaffdt »

M e S @éﬁﬂ;&y’wpﬂ¢*“ﬁwkméﬁﬁvﬂ’gﬁﬁw
Hed AR AR T AT S MR o v B - ARG BT
PPk )bl G B BERE MR E A o

Wy = ConvolutionalModule(W,,,,)

Bl BE 5 - 3R PRI AL K T R Bk E %ﬂ % ~ ( station coordination
embedding ) o 3% 4% » AL KR 2k b T B TR S f1 ¥n#% (encode) & 7 {3
FHFRI PRI By BRI -

Gion = PositionalEncoding (G.,n)

BN G Prpld B MR S G- A2 0 & {8 ¢ Transformer #% (3 R
(s LB Ry T2 el ik o

Heon = ADD(VVc,on; Gclon)

(3) %254 %= (Transformer) :

LRI AP S AL B A EEG d B
PEE R AT o H P A e AR Qmﬁ% )"TF"FX XE]RZNdeodelo_‘i,
A 2N & B B (e PR 0 dooder {X PE B ESRRE o

SRR % g:l-s—ﬁpz]—ﬂ?-“i (Q) st (K) friiseid (V)Av ‘f;x]}kvaEﬁ"J-
o G LT R A K DS - B h= 12 H o B3 A

5
&

, ey

15850 £ el N

Qh:XWQh ) Kh=XWKh , Vh=XWVh

WQ N € ]Rdmodelek

WKh (= ]Rdmodel xdp
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3.

WVh e ]Rdmodel xXdy

H
ERC RS “’%‘*m R P f_if%?* fe%—_" EEAREE ¢ FRECT R
WA g Y AR AP Ry RE D o B FlP o APHET O Y
Brripl gocin g o RERA NI TR 8 ; AR
$EE ~ 02 B0 S B T ik (R T B2 i AR5 ke
maskM k& 758 =% 873 BAREY > TE LT

{1, if the entire waveformis 0
M= .
0, otherwise

{7 softmax 35 z % » N
FE% 7 4 softmax & ¢ o

PUEE TR A EAETRER R (T2 %é o
HEY R B ERE - BEEY S hE
w%&ﬁmﬁmﬁitﬁ*?05~@ﬁ?£

Aij =
2.j exp =L+ M;j - (=)

2e Qv KJ it h@EeE (query) ot £ (key) @ d 4w
T AR o if ij =1 B"?’#&—#B},@mcg;{ﬁé B3~ o KA A softmax ¥

Miph R B ESE SR -

DR e

4ol 3.2 “F B EARe PGA A 2ok 2 55 50 12 PGA A i 4 $9in
PRRE > AFT G R —ﬁa\wxﬁé"f/* v W E KORLECE g AR R
BE 2t P Btk o M S 4 (Weighted loss)
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Ll = b
o o o
‘h ‘m ‘a\

Number (Log Scale)
—
o

4 6
PGA (m/s?)

B3.2: “7F % 2 PGA 534 i Bl o 1§ b5 Rlxk PGA @ > %idh & ¥

£ AN
PR X

(1) * 4T & i
FACAPHFBEEARIEFAF - R TUEATF S
bin(mag;) = [mag;|
5 B A % bin(magy) - AP ol FiR=tdc e LR 4eT
upsample_number = [(resampling_factor)?™|

348 fhresampling factor £ — B ¥ 3 Sfico ¥ kP d L B 6] @ bin 4
Boihs BB % o

(2) % pl=b U et FRfk

Neyent_stations
st_resample_factor

upsample_number =
T Nepent_stations 1~ & F & ¢ ek ipl sk i o st_resample_factor &
BRSNS IR S STRAIE
(3) “ridp 4 (Weighted loss) :
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AP LRl R BT AR PR RN PROEE - LA
TR R I g R b iy 0 AR B R iR E 0 ] B
FaEARY A BLigE £ 5 3 PGA Eeuplsk o jm THFR BRI R
L B B Oy T A o BB TEIE A PR R sk e PGA B RH &
Fed|F fe e w] o ip i g d - B E @ hy,hy, ..., hy T & o F Bz PGA &
PGA; -~ B 38w ¢ H A S f(PGA;) % &40T ¢

0, if PGA;<h
c; = f(PGA;) =31, ifhl < PGA;<h,

ApkE BN o - BRE wie) L SR NPT LRL R
FAE Loss; 7 2 L E - B 4 S50 4eT

N
1
Weighted_Loss = —Z w(x;) - Loss;
Zivz]_w(cl) i=1 ' '

34 FTHE

A3 F 4% 1 CWASN TR B o 2 FA i F 0 2012 & 1 2021 & F 4 2
10,392 B3 BRHE o PIEFENTET 249 B> & F FRENY TREH K
RE AFLRET EF A RATH  THRES S AP TR S p
BFgERiEiTde o HeY >2012& 17 1 p 32017 & 127 31 peng BF 24430
PIR2018EF 17 1 pE2019#F 12% 31 pehE B %kEE > @ 2020 # 1 7
1p 22021 & 127 31 penF ERIE5RIEE o pLoh o d MDA ZEE £
Blrbrge ERAVGFERIFAREFT 57 REY { RETEF T AP E
FERAVGZEFOFR I REZHERBRRE A T o &8 R A R
EAH A L eh N peiE A PIeb BARITD 3 BT B R 0 F R AR R 2 AR
TRIHFSE) S chz £2)0 @b UFEERE LB R R E e ¥ Rk
HRE LS O HH BTN Biplahie (F28F T30 (52 40 9757 - K X Bk
SRR RAE G ¥ 0 DI AR FIETREERATHRS R 5 RFMRE S A
EEH AT 3 B Sy, S, Sz THBERIHOERRBRR Vi, Vio Yiz B
b3k 4 T35 (nanmean) AJE > @R E y' o BRI 40T

3

, 1

y :WZ}]U
j=1

He N Z 4 Eeazii 4 @ (NaN) Guplp kg o

35 RA&R %

% 4384 A e TEAM[S] (0t g e 4% 225 »t Transformer % #. 7 0% &8 73
RIFERZ 2 o S BiRd A2 2 T RE R RT I R AR
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ﬂ\'agﬁ\/w/g J}FI’}E'—F .,-r/z“li\'—"Z\ 3.1 ATIT o

%301 LHEAAWARG EE PRI B L BRET I EET LY
5 g T 2 ﬁ B RBAF BB A T ARG B R A
FORMEA ST REEE  RET EE S LFRER R EET R

A BN B [Z85 X e B
True Positive | True False False Negative
Negative Positive
4 (label) FE(RA) | RE R E FE (Rl |G
gl (prediction) | 7 & (#]) | & & 7 E FE (L) | &E

432 BE7F1 %k 2R T TEAM fr eq-RAG #3] & Precision~Recall §= F1-
score dptht FFER AR LR o A T 0 eq-RAG & i B b £ RiDE
TEAM - % Precision + > #48 % ig>t TEAM = ;% ; @ Recall = F1 R

R (40 0.81% o 2.5%) P& BH L S BgF -

% 3.2: #A] & & B R 2 Precision ~ Recall ~ F1 = %

TEAM eq-RAG

Precision |Recall |F1 Precision |Recall |F1
0.81% 0.327 0.292 0.308 0.543 0.322  10.405
2.5% ]0.372 0.353 0.363 0.590 0.444 0.507
8.1% 0.463 0.324 10.382 0.577 0.388 |0.464
14% 0.294 0.248 0.269 0.500 0.318 |0.389
25% 0.111 0.150 |0.127 0.333 0.183 10.236

2. FEHL| A2 2 H

%4 33 4 % 34 B 7 TEAM v eq-RAG #4272 F 2 A& (0.8%g fr

2.5%g) & & ¢ pEAEE B (0-50km ~ 50-100km ~ 100-200 km % ) @ & 3R o

¥ 1 q Il eq-RAG 1i-3] & Precision~Recall fo Fl-score iptkt e 48 4 i
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£ H AR &E@ﬁ-%ﬁi%cﬁ*wﬁ“ p;?—iﬁmv ﬂbH°LE'Z\'I‘ eqRAGﬁi’
TR Foon " RIER ORI AR R RNERLE G r—S m
R fefE T -
4 33: & 08% g RAT 5 BER L R iT¥ 2 Precision ~ Recall ~ F1 =
TEAM eq-RAG
Precision |Recall F1 Precision |Recall F1
0-50 km 0.565 0.529 0.546 0.599 0.580 0.590

50-100 km 0.350 0.278 0.310 0.479 0.305 0.372

100-200 km 0.190 0.116 0.144 0.506 0.129 0.206

200-300 km 0.029 0.063 0.040 0.540 0.061 0.109

> 300 km 0.000 0.000 0.000 0.000 0.000 0.000

434 A& 25%¢g BRT o FER L RITH R 2 Precision ~ Recall ~ F1 = %

TEAM eq-RAG
Precision | Recall F1 Precision |Recall F1
0-50 km 0.538 0.451 0.491 0.599 0.532 0.563

50-100 km 0.283 0.349 0.312 0.561 0.447 0.498

100-200 km | 0.077 0.038 0.051 0.576 0.118 0.196

200-300 km |- - - - - -

> 300 km - - - - - -

3. PGA sgipl~ v B

% 3540 % 3.6 B0 A WA A FRFRF T PGA FERI2E
B o s B PGA (& Gidw i BEAIHIERIE o H &AL
.ﬁ-;mo

= x] rrﬁ?’f/,,\

FEh
7 T8 T iR
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KR 7 g 0 eq-RAG B4R & TEAM { REIT 3 & 5 2 T 2 4d chw §F
;j%%i o

P B RCEBRIFFR Y o A AR U v RS o o Al A
PR - TR o EEF R EE D] 8 fife 16 o A k- B
WA BN AL ERPIERT R o R G TR el

et S e SRR I ERIT R PR TR RA 4 o

# 3.5:eq-RAG #-3] & & R k2. PGA R4 i B

2s 4s
1.0 ; 1.0
s 05 6
) ]
= g
- -
@ 0.0 o
e e
& 05 -
[ i o
-1.0
o A £ Bk :
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
PGA (Ground Truth) PGA (Ground Truth)
&8s 16s
1.0 - 1.0 :
T T '
2 .0
L o el
= 8
- -
o 0
1 1
2 &
< <
(G o
o o
S Y . { i "" AL -
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
PGA (Ground Truth) PGA (Ground Truth)
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% 3.6 : TEAM #-73| & & PRV 2. PGA SRR~ 1% B

2s 4s
1.0 1.0
2 =
8 o
I 5
= 9
T e}
3 o
< g
& -0.51 <
o. o
-1.0

05

0.5

-1.0 0.0 1.0 -1.0  -0.5 1.0
PGA (Ground Truth) PGA (Ground Truth)
8s 16s
1.0 % 1.0
S 0.5/ 5
- -
= 9
- T
@ 0.0/ o
2 e
g <
(U o
o o

sl ahgell

05 1.0

0.0
PGA (Ground Truth)

.00 05

-1.0

00 05 1.0

0.5
PGA (Ground Truth)
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4, 7 P IEZET cnfp w EARPERE L G
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Abstract

Earthquakes are unpredictable and devastating natural disasters that pose a
significant threat to human lives and property. Therefore, accurately and promptly
predicting earthquake intensity has become one of the primary objectives in the
development of strong-motion early warning technology.

Although regional strong-motion early warning systems utilizing the multi-station
method can quickly and accurately predict the intensity at various locations, they rely on
receiving P-wave signals from multiple stations to make predictions. This often results in
delayed warnings for areas near the epicenter, as the warning is issued only after the
strong motion arrives, creating a "blind zone" with a radius of approximately 50 to 60
kilometers.

Previous studies have preliminarily developed a CNN single-station method for
predicting PGA (Peak Ground Acceleration) and integrated the CNN model into the
Earthworm system for real-time warnings on equipment provided by the Central Weather
Bureau. However, analysis of the April 3 Hualien earthquake revealed that both the time
taken to receive phase information and the model's prediction time were excessively long.
This study attempted to address the issue of prolonged prediction time by utilizing the
Triton Inference Server, reducing the model's prediction time by approximately 2.3
seconds compared to the online model during the April 3 event when run in the laboratory.
To address the issue of prolonged phase information reception, the MQTT protocol was
used. However, during laboratory operations, the phase information reception time was
approximately 0.7 seconds longer compared to the online model's prediction time in the
April 3 event.

Additionally, to statistically evaluate the current CNN model's online performance,
this study conducted single-station analyses on nine earthquake events between January
and September 2024. Accuracy and recall rates for each event were computed, and the
causes of missed and false alerts were analyzed. Missed alerts were often due to the
characteristics of the earthquake events, where initial waveforms were small, leading to
low predictions within 2 seconds of P-wave arrival. In some cases, smaller pre-mainshock
events triggered the system, resulting in low predictions for the mainshock. False alerts
were primarily caused by delays in updating the recorded P-wave onset time in some
events, leading to overestimated predictions. These issues have been resolved in the
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program, awaiting validation in future earthquake events.

For grid-based seismic warning coverage, this study explored the feasibility of
dividing areas based on region size, population, and the number of stations. Results
indicated that using area size and station density as criteria for division significantly
improved prediction accuracy. While a few missed alerts occurred, the PGA values at
these stations remained within acceptable error margins. However, excessive grid
refinement could result in irregular shapes, impacting warning outcomes. Using
population as a criterion was less suitable due to uneven population distribution.
Therefore, it is recommended to consider both area size and station density for grid
division to enhance warning accuracy.

Furthermore, the current models for detecting P-wave arrival and predicting PGA
operate independently. This study developed a unified model capable of handling both
tasks simultaneously, designed for real-time system operation. In the earlier model
development, the predictive performance for PGA values exceeding 25 gal required
improvement. In this phase of the study, the input was changed from a single time-domain
input to dual inputs comprising time-domain and time-frequency domain features.
Incorporating time-frequency domain features significantly reduced missed alerts for
predicting PGA exceeding 25 gal, though it did not lead to notable improvements in
earthquake phase identification tasks.

Keywords: Convolutional Neural Network ~ Multi-Task ~ U-Net ~ Single Station ~

Phase picking ~ earthquake early warning - gridding
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Acc(t;) <0, i = 1~3000, ﬂuz?iﬁ%)ﬁaﬁﬁ
Acc(t) > — IR FEERE(E, Acc(t) = ————t—
ce(t,) > -z A, Acc(t) R

F‘*E&iﬁﬁ;f] * 4o B 3-9 F1F o
Wiy
E AN oy

i
1
l '
~N o9 '
|
” - no oy

s 0 e

npts

B 3-9 E%Fé*ié%@?]%

342 PRI G~ Fed2
® > ¥ (Short-Time Fourier Transform, STFT )

é‘—jkﬁﬂz ¢ :‘% 7 3@.-—— ﬁﬁ'ﬂf‘]‘ %—?E(Edﬁ‘_‘illgﬁlrigé , ;5] x Fﬁgﬁﬁa;}'}gio ;M_FI%FE']&
}ﬁ%}\%%ﬁ@ﬁ%ﬁ?/’a\*’?  Hp w?]k’%ﬁ?;&%ﬁﬁ‘%ﬁ&frﬁ?jj g s L o

A G R * EpEE 2 %4 (Short-Time Fourier Transform, STFT ) & & 45 J 45
i R ERFE 2 R - AV LRI N ¥ £ Ry A
Bt AEAEAYTY - BER I L o AMITIM R R TRY  FRETR
EAA I FEEE AT A F g T oL LR EEE YT
EEEF BEREEIFL L [ Bipi o #iE b > STFT 4058(3-3) » 2 7 x[n] &
B wn —m] AT Sl NEF Sl | omEAHE T REILGR L @ *
Foafcfoh BB A L S R YRR R e b & 2
(Fast Fourier Transform, FFT) » 2R {2 4B "8 R 3 #-H 3535 - BAEH B > 4B 3-10
o
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(o]
2mkn

STFT[m, k] = X[m, k] = Z x[nJw[n —mle™/ "N (3-3)

n=-—oo

Slgﬂal 'W“Jl'l 'l ‘1 ',"YIII*“.\:M';“.:I-',[;',’.'I'ul'-.'.-.,;’:.m. N SNl e

AV 1y L 21 e

(—wm.—)

- ( \[ yt | e
Windowing ,.-N!w,'r,n "
iy
FFT *e

FFT Output 1 FFT Output 2 FFT Output 3

Represent Fiest Point Represent Second Polng Reprosear Thivd Polat

of Time-domain of Tane-domain aof Time-domaim
- 1 = { .
He| -
| 4 Tee -~ AL ML
= - -
l 2 —
= -

® 3-10 STFT #% 4 F



¥ oS- ¥ 6 * 3 1T A4 Hanning (Hann) ¥ & #c ~ Hamming
triangular ¥ S #c ~ boxcar § Svfic o &3+ 4 £ # Hamming ¥ 3 #fr boxcar
S AT o

AT
ET 3N

Hamming

TSl 4oB 415 7 0 B 25N de (4.24) Txi‘éﬁ*@“i’iﬁi@
B RO

FEERT > B4 AFER R 0 KA RSV AFH N -

boxcar § it 4o 4.16 71 0 B 25N de (425) - HE g M ESOER 2 ¢
AAEEY AA RS T AR { PRI ESE -

Hamming window

101
ae+
Ly
?, 061
£
E
<
0.4 4
02
0.0
0 10 20 0 a0
Sample
B 3-11 Hamming % & #c
0.54 — 0.46 (Znn) 0<n<N-1
.54 — 0.46¢cos , <n<N-
w[n] = N-—-1 (3-4)
0, otherwise
Boxcar window
1.0
1.04
1oz
o
=
Z
i 100
£
<L
0n.98 4
D36
[HR-1

Sample

B 3-12 boxcar & & #c
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1, 0<sn<N-1
wln] = { 0, otherwise (3-3)
Pk R h R LR ERET S CRE AR ST TR BE &
Sl §or B ?u@wéﬁwéw@’ﬁﬂ LAGHER NEF o x| (&
ZERHEDR ) MEFE cHFF TR LR 2N(37)7E 0 2 Af I
FRATR 0 [P -
W= [———+1 (3-6)
fs (3-7)
Af ==
F=N

kAT g P PO~ PR R E R S 3000 B0 F BRI 0.01 45 Bk
ﬁlwmo@%mﬁﬁiﬁﬁﬁ”kﬁmw%%v“ﬂ@%ﬁﬁﬁﬁiﬁ%%ﬁ
I;’;—v\}i ‘i#$3000¥\!:' /F‘~3£\‘f‘r?j:7§'-r/°°

AR Y € * boxcar ¥ B e 150 Bhenf v K R 1 BRendh £ o345 258 (3-6)
TR A 4 2851 E&»fﬂ?r}—'@?] Ao T Z R RO L 149 BE RAF R S hPFE R R
B 5 3000 2 - ﬁ’ln’v v 35 149 B R %mﬁ o VR ER Y L E IR g o
4ol 3-13 #7110 Find 149 BEIE L Adsdi i o B IR R Bk ) EE LA
*H o ﬁ‘ifé_:’!ﬁma“ Bfw o AP FERHADIH N2BESSa M TTBE 4o
B 3-14 ¢ 2. Default(72/77) °
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Pad (149/0)

Pad (0/149)
- B 3 B

=

Lo e =y o0

B 3-14 % Boxcar 7 S licfE » G At T2 BE 5w At 77 B E 2 AR

d e REEapFFAL S Y & 20Hz T > @Ay ERPEHEY
20Hz 12T e300 SE (78— A Sl AL o o YO S iR4T R & 2/3(100/150) » 45 12
Fphz B H G 31 BHEF 0 F1E G = phe o STIUE K BhE 5 93 BAT I o

® HFIRE L R AT AT

d —r’\HL’_P i iz r‘FHn }i&\ fﬁ#]ﬁﬁ(% _5 STFT ¢ |g7 mi& i,@. {2~ o l—j;ﬂ;j
S R KRR STFT AJL R it 2 ¢ > HEAIE PR A
G T PR RPN AL R oace Flt o AR DT D RS kjak

134



PR 27 1R STFT s R ena i AP HPIREREEF T - 2 47 F 4>
AP EVRER R R E AR Z b SR R RGO HE BE R
STFT M # B M H ¥ iR E o 5% > #d X Z pb g S5 Aol ¥ WY hig g A
WA 0010 B R BCR > 40T B 3-15 0 7 o AT 5 STFT 4E 3 A~
N3[54 B AP - B RREEL R - 4o(3-8) » F M- po b Bk
RN R~ 4o W] 3-16

STFT _ STFTloglo_Intensity - (_5)
log—normalized — 4 — (_5)

(3-8)

- Fit: y = 0.98x + -0.63
=== PGA = STFT Intensity
=== PGA =25

«= Intensity = 0.843
27 Intensity =-0.026

o

Logl0 of STFT Intensity
|
N

-4 4

& = ) : :
Log10 of PGA STFT

B 3-15 4eid & 2047 38 $ 8ic(log10) 4 # ]

B 3-16 PHAT s ~

TR R ARG 2 PR D R AP F R R B i
Bl i o BERRERE I ANH A RT E P RieT STFT #0710 % & chid
B 1 B B > RIS FEA B A o 4 4 BT 2 R T HE 2L
FARIE L R PGA A2 25gal 2 ¥ 5 EAQ B HEE o B 3-17 «1E > Bl& T 0 A
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WO FHEAG AT HEFTHRAHERL R 2 EH L2 Bk 2k
AN -

SRR S ph de g R SURLIE e ¢ BT g~ SUBL2 9 3R G

Count

e

o

1.
2.

HEdhbed BAEGED 34 72 BE &34 77 B F oL+ | 5 3149%3

Y2 i e g 2 R4 > % boxcar § S ¥k fe 150 Zhenf v £ R S 1 B
e £ oo M-E fh2 Avid BB R S PR B > T 4 B A 2 dhe PRAR S
MEL o B L 5 3000%93 o

S 15 Bh PRI LR R ORI R PHIT B UBE R 55T [
542 [ 5 G 4B o 44 ] 5 3000%93

G e 15 B ph2 PRAT S URLAE R AT LT o RIS LB R S 2
RS R 2RI N > FRF e o aEE <] 5 3000493 -
%&#415%%@€ﬁé%¢é3%NB6L%E°&%@%§ﬁ%ﬁ
A P S EL o

H 1 Dy {
} { ! t 18TD
: i t ! 257D
l\!l’!-lﬂn r? b .I S 381D
' E ! { == Mean
] )
Ty 2,20 i { v 810020
13 \ ]
13 . ] 1
; ' { {
ysred 2 M2 1510 00
13 .
20 1.0 a4 0.0 1.9 20

15
Logl0 of STFT Intensity

B 3-174 %% 2 P g pFAEE % R A 05

343 i BAR

A F 2 %stﬂ']éiq?] AN fﬁ@?l dt o & w3z R 4P i (Earthquake Phase
Picking) ~ #3z PGA £_% + »t 25gal(Label whether PGA is greater than 25 gal) °

® iz £ 4p = (Earthquake Phase Picking)

i

e AR =4k % £ %73 #74 # (Truncated Gaussian Function) » # % ¥ f& 4
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(Normal Distribution) » %% ground truth & § % % 2 p eniE > WeheniE 'y 5 %
TR BlAcR 3-180 HP 2 7= %ﬁﬁk‘i G B Tp(t) ~ Tg(t) Tother_phase(t) °

(t = tp_arrivar)®. |
2 X_cg.rzlza )r lf tP_arrival —02<t< tP_arrival +0.2 ( 3_9)

Tp(t) =0, otherwise

Tp(t) = exp(—

tP—arrival{P P

2
(t — tsarriva ) P
Ts(t) = exp <— ZX—OBZI)’ lf tS_arrival - 0.3 <t< tS_arrival + 0.3 (3_10)

Ts(t) =0, otherwise

tS—arrival{S B AR e

Tother_phase(t) =1-Tp(t) — Ts(t) (3-11)
TeAt)
|
4!
|
Tt it
| I
|
3 4 |
| |

W 3-18 e Adp =

® {3 PGA £_E * 3t 25gal(Label whether PGA is greater than 25 gal)

{35 PGA % 25gal 2 5t - 4o W] 3-19 % H ¥ & 5o a4 % S
Tpga 25(t) ~ Tother pca(t) °
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TPGA_ZS(t) =Tp(1), if tp_arrival — 0.2 £t < tp grrivar
Tpga2s(t) =1, if tp arrivat <t < ts_arrival (3-12)
TPGA_ZS(t) = Ts(1), if ts arrival < t < ts grriva — 0.3
Tpga 25(t) =0, otherwise

Tother pcazs(t) =1 — Tpga_25(t) (3-13)
TrGa,.(t)
10
o84
v
E 06
£
£ 04
<
02
004 {
0 500 1000 1500 2000 2500 3000
Sample
Tother PGA,(t)
10 J—
08
v
g 06
£
Fos
<
0.2
0.0 |
0 500 1090 1560 2000 2500 3000
Sampie

Bl 3-19 &3 PGA = *t 25gal

#ie PGA /|3 25gal z @i dl > do¥rg > B9 & 7 A B F 3 8Tpgy 25(0) ©
Tother pca(t) °
Tpga 25(t) =0 (3-14)

Tother pa(t) =1 (3-15)
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TrGa,.(t)

144
0
ih]
S o6
E
=1
E a4
=
02
g
a 500 1000 1500 2000 2500 W0
Sample
Tother pcalt)
1.4 4
£
L
5 Q6
=
=1
E g
o
0.2
(K]

l'.ll Sﬁu lL'II:JD 15640 Ju':m 2500 lr.l'uu
Sample

Bl 3-20 %3z PGA -] ** 25gal

35 #*RHIER

AP FP D ARAELTFGHA AR c Bk A - ~RAELY D
TP(True Positive, E F% {%)~ TN(True Negative, E [£{+)~FP(False Positive, % F5{4)~
FN(False Negative, % F&4):- 5 % 75 % (Precision) ~ . ® ¥ (Recall) ~ Fl-score » 11 3%
o FA] = 2% 0 2 N de(3-16) ~ (3-17) ~ (3-18) ©

Precision=———— (3-16)
TP+FP
Recall = — 1~ (3-17)
TP+FN
* icinn* _
Fl—Score:2 Precision* Recall (3-18)

Precision + Recall

3.5.1 ¥ B 4p =ikiz(Earthquake Phase Picking)2. = ~ & F 5E'L
H

BRI EY BRI L K S A ESR S o L AT ERY P 2 £ H bR
*oF PR £3ER S HPE i o hEET % WCATTRITH (O B2 A A R
e KGR AR P hA T o B 3-21 B 0 AP e pE e AR B
A E P A5 BRE (0054015015502 5025+03035- 04045 0.5 -
0.55+0.6) i {7 23t TERERES 030 F A2 Tp(t) B+ EARER TR
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EPF 0 B € RSP A B G P AR R PR o b b 5 1395 Liao ¥ A 2]
oo rmmenfp P EFRFE v K 25 Ground Truth+0.5 §jp o

%*%%%%%#’%%ﬁﬁﬁﬁi:iﬂ%%@%T=

?ﬁf |25 8 * Tp(£)# % & & Ground Truth £0.5 #p ¥ 33 0.3 » PIHAAR
RSB I R K e At {4 % True Positive(TP) -

F A 5+ Tp () & & & Ground Truth+0.5 #/ N & #43% 0.3 > P HA AL AR
A AP R E R > XA AR B Y §FHE S False Negative(FN) e

ERA 5 A Tp (O 5 & & Ground Truth+0.5 £ ¥ & 0.3+ Bl AL
B AR PE T T F‘?F"* P ¥ o AR P AR Y §FR False Positive(FP) ©

B ROREEE Y 0 d 0 E BRIGEHE AR 7 Ground Truth » F]pt B B ¥ 2
PR g G H F B AP PE R 0 #7335 & True Negative(TN) e

Fevsby R ER 4 307 3 A7 PE ehfp iy F]et 4 (25 Ground Truth
AR PeE E AR AR A B e

F AR A S Tp(t)%ﬁ BT 030 BIHCAIAAR S 45 PET T APy X
G- AR Aapr Y Eﬁ: #¢ % False Positive(FP) °

FHARE R S Tp(O F E M3 0.3 RIFCAIARAR & & Fad @55 4p iz
Ttz ~RA AR (RS True Negative(TN)

Ground truth
TP
FP
Range of true
picks:0.5s
Positive
threshoid
FN
TN
/| LU A
Time(s)

Bl 3-21 # Ripiifhkisz = ~R A EL
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3&2%%PGA{@*%2@ML:amﬁ@¢

AR R HCA 2 Tpoa (O R3™ 5 030 & PGA FRRIMLi o R R & P
P 26 ﬁ’1fﬁ2%‘3%ﬁ“ﬂ’Bm@éiiﬁ*$$ﬁﬁﬁﬁw
o AR L HCRTER L Bl sk 2. PGA A 3t 25gal e d 3T Pk Ap s 1 F5 i R A
PR BT RIS BHBEEF o T AT EERG Y PiAp i i m 243
Frm 5w o Tpoa(t) 2o B~ 5 5 AR & > T4k 5 HEA)FE R0 iRl =k 2 PGA + 3%
25gal » Pt ap =R d F % F £ 14z o & 3-2 857 PGA Eiplenz AR F e - A
FEAH S BREE (045-0.50~0.550.60~ 0.65~0.70 ~ 0.75 ~ 0.80 ~ 0.85) it {7
Mg St TEHRES 0.6
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- % 3-2PGA SR EF + > 25gal 2 = AR % 4B

Real

/] 3+ 25gal ~ ** 25gal

Predict

% 3% 2503l FP TP

$0 0 BArip Bk, 0 PGA TER - AR B 4o

ho % F %R sk PGA + 3t 25 gal o P Tpoa(O) e P i dp inis e iRz 145 22
F)~3 R A 245 3 frikA5)2 B x e <N E > BIAR B BCA S FEIE R R
= PGA A 25 gal » = ~iR A ALY §F4E & True Positive(TP) -

do% F %)k PGA + 3 25 gal » (e Tpga(t) e P dp s A JUR2 1 4~ 2
Fi~3 R 2 23 frk )2 Bk B R E 0 PAR & BRI 4 SR TRRRE R
= PGA /]t 25 gal » = AR A 4L P 4R 5 False Negative(FN) e

4o % B Rl PGA [ % 25 gal » 2 Tpoa(t) & P Ap (i3 A A2 1 4) ~ 2
P~ 3R 2 ) 3 k)2 B S A TR E 0 RIAR G OHCAI 4 S R RIGRR
# PGA AZiE 25gal > &= ~R A 4L jF47 5 False Positive(FP) -

bo% @ sk PGA -]t 25 gal > ¥ Tpoa() & P Ap i3 A 12 1 4) ~ 2
-3 28 3 fpk )2 s Es PR E 0 PR 5 R T AR
= PGA /]t 25 gal » = ~iR A 4L ¥ §F4E & True Negative(TN) e

353 Ry ANHE P REE2L - ARFEL

AFERF WA EL P REJ Y H 2> PRSP EETR S
R E o Flpt o = AR AR K R 4P 35 (Earthquake Phase Picking)£? 3¢ iR
PGA £7 4 25gal & 5 &% % & > 25 2R AP 2 o 4 AR PRk
A0 =7 3o PGA FERI T30 d 03I/ & o #r3 =R A RS > AP
FRRZUF 28 3FHRA? o Tpa() A2 2~ 5 B AQERE - TARS
BRI SE R L Rl sb 2. PGA & %% 25gal 5 o »% P kAR tt8 1 £/ 7 it B4R & 3040 2 48 5
wREAAD BHEE T ATERY PR EE IR 2§ 3 f5kA50 o
Tpea(t)2- B~ 48 5 BACHE R & > WAL 5 H03]3p Rt Bl2b 2. PGA & *t 25gal o e P
A AR

B ER - LR FTp(t)2 5t BEARQERE E > ® Tpea(O) &P ikdp is
FORZ V28 3k A(E 2 3 Fk A2 det B RBRE o Aok T
FEAr A BEIRY AAQER B0 R G g EH

Bp A H by BRI E - ARFEELTR 2 T

E@ Rzt PGA 43 25gal ¥ A BiEfpenid % FAQER & 0 $03 0 Arp
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HAEAR S PR A AR B ﬁﬁf #f % True Positive(TP) »

ZFF sk PGA &< % 25gal R E- EAAE S B EIRY AAREE B A
A AR R A AR B F4 S False Negative(FN) e
=9 %Rk PGA & J > 25galy e A BEAANE S TARERF B B4R
HAERE R A S ARFAEEY Eﬁ #8 % False Positive(FP) -
FF %Rz PGA ] 3t 25gal’ PiE- ERR S BERY ARLER B 57
LFEd A3 MR A ARA R AL True Negative(TN) e
Ground Truth
PGA <25 gal PGA = 25 gal
3w 3F FP TP
Predict
¥ 3R N FN

B 0 BERTAAERE -
FEGR L E- A BESEY AARERE E o

36 ERFE: E R FEAIIOD b RATR O R P HED R

1L

3.6.1 BPFE > F B 8L+

dt AT mpE 2 F % (STFT) 10t 35 & 444 STFT %2 s BE &
B Bdedrid * T Sl TS BER CHESNE AFEFRFBLRTETORE
L ERE R F {'ﬁ SEEF LSRR EFEF TR Em B éég*wq'l?’?‘%ﬁ;#}
Benit 4o B0 ko] HplR 2 WA e 3-220 R AR M Sl PR 2
B if ) o Yrr %, STFT %#ikcie & -

(\.L \\\ﬁr

143



(mr-fnquenc.\

mam Domain

(30)00 6) [ (600,93)
1-D Convolution 1-D Convolution
| X2 | X2
1-D MaxPooling 1-D MaxPooling
v (200, 45) y (150, 45)
~ Ve ™
Up-Sampling Up-Sampling

l (60D, 45) l (600, 45)

Concatenate

l (600, 90)

Multi-Task Attention Neural Network l

W 3-22 STFT %A 47 2 Ho3 % #

*2+4 % * Hamming % S %22 483, (Boxcar) % S#ci® 3 & SBE 38 > Lt
W AT B AW AT EH Y Fﬁﬁﬁﬁﬁvﬁﬁlz\ % 3000 BRepERE R
F - B & 0.01 o FBARAEF 5 100Hze # * 150 e £ 1 Bherdh g
FE R 149 AT G0 MBS 20 Hz R o S 4 2 il enps AT 5 5 B
» == #-5 3000%93 o

A A S R SEBE 7 3000 ShenREATE Y~ S 17 3 BB -
Rl ER i £ NP T G e
FEAEE - FEL 150 8o HEL S B BEA 145 BIF o R G
20 Hz 530 o 5 & = Bhid P g ~ & 95 600x93 ¢

P E B 5 600 2. 31;*]%%?‘%:&5 145 B R E o AFkEE Fe fAE Lo s
W 145 B R E A B A D Bk e de(B)E 2 £ (B) 0 28 % 2 4eT (B/E)
(70/75) ~ (95/50) ~ (120/25) 2 % (140/0) ¥ & R 4% 5‘.@?] »ETZHE SLen 149 R
B #-a w2 (T2/77) ~ (98/51) ~ (123/26) % (149/0) w7 N4 L o ipit 8 & B0 b
#Epes A E S BE 7 P32 © Hamming § £ Boxcar § Ji#c o

7 e RE S e BAP ks (Earthquake Phase Picking) ¥ shi % » 4o & 3-3¢
LAY A LA ke B e R AR o 2 P E AR P ok dp
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Ground Truth 2. B L B > F 3T HE el 08 HiE L (MAE) - Rip8 57 R

2P LA FHE LB EY > Boxcar ¥ S¥ich Fl ~#ct 48 3;%%“ Hamming %
S feeA24n N B E OE E LK bt’%"“‘]mifpfiigﬁxﬁ‘i 4 iF’&/)&p P FR e D Fe B B o
R B FR ED lw_? # Recall * & (95/50) =7 Boxcar % &n¥cie & % b iE>
e A % 8cH s T 5 (70/75) & Boxcar % e &% T—,’fi—ﬁxfé R AR o
% 33 AR FHELEL AR B EEY S
Pad-zero | Window | Fl-score | Precision | Recall Mean(s) | MAE(s)
Hamming | 0.8812 0.8382 0.9288 -0.31 0.46
145/0
Boxcar 0.9164 0.9058 0.9273 -0.15 0.25
Hamming | 0.8792 0.8736 0.8849 -0.17 0.28
120/25
Boxcar 0.9123 0.9045 0.9202 -0.17 0.28
Hamming | 0.8917 0.9008 0.8829 -0.16 0.25
95/50
Boxcar 0.9000 0.8709 0.9312 -0.23 0.35
Hamming | 0.8753 0.8943 0.8571 -0.16 0.3
70/75
Boxcar 0.9225 0.9213 0.9237 -0.14 0.24
7R CLE L ATER PGA £F <3 25gal P ek oAk 34 & 3-50 %
3-4?‘3’:?._7’1‘41 P El/ilélf'/“Zf/ 3f/P\mﬁ'IE\Iﬁ_, m % 5-4 E’Jf{?\’l” P %
FER2I3H2FOER o F BEL? AREAE £4p 114 Ao R o K AT o
R %7 HEL%‘I' » Boxcar % Ji#icte F1 & #c™ ol F g3 Hamming %
& #ic “,f TR 23 PIEREY (95/50) THE L ,.‘B Lo {A FmEE LEL DS
H LR B g::'_%__,_‘ w’"?F'/F‘J PGA = /| ey 4 F”,)‘Fﬂqrmeiq-&g% ERERES
LehE o A P Zf_ 3 fRlEE R 0 (95/50) 0 Boxcar % ¥k E.éi e
Precision & ¥|& F £ > @ (145/0) ¢ Boxcar % J¥cie & & Recall F iE 3]
FAR o A FdcH B 'P‘-/Vﬁ’f » (70/75) = Boxcar § nficie & % 7 B Y
I e
% 34 AR EHE L E AIEPPGA . F £ 25gal P enBEP AP 123
)
Pad-zero Window F1-score Precision Recall
Hamming 0.6528 0.6349 0.6717
145/0
Boxcar 0.7082 0.6994 0.7174
120/25 Hamming 0.6493 0.6736 0.6268
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Boxcar 0.6667 0.6191 0.7221

Hamming 0.6805 0.6539 0.7093
95/50

Boxcar 0.7003 0.7037 0.6969

Hamming 0.6778 0.6762 0.6794
70/75

Boxcar 0.7241 0.7196 0.7287

% 3-5 A RELEE EIEP PGA . F <3 25gal ¥ g R (P AR ts 23 )

Pad-zero Window F1-score Precision Recall
Hamming 0.7099 0.6475 0.7855
145/0
Boxcar 0.7486 0.7157 0.7847
Hamming 0.7033 0.6494 0.7668
120/25
Boxcar 0.7177 0.6897 0.7481
Hamming 0.7400 0.7153 0.7664
95/50
Boxcar 0.7399 0.7629 0.7182
Hamming 0.7325 0.7053 0.7618
70/75
Boxcar 0.7604 0.7557 0.7652

e s AP e fosg B PGA 2% + 3t 25gal B % » &gt ﬁi#ﬁ*ﬂ“ v A
e e 70 BRESNSEE L TS5 BRE TR Boxcar ¥ o#eehiE & A A iEo
AT E R 5 600 R4 E B2 RFE LB L SAcinE L 72 BRE - BAE A
77 BEE o TIL R HEHE Boxcar § o~ 150 B A 1 Zheh i s FHE A
149 BLenE 8 > A4ei BB WE L 72 BEE~SE L 77T BEE -

3.6.2 Bl 7 PF-F‘HF%] FPAod- T LR T L R

)_1.%,??4%5?@@?)\ f? 4cB 3-23 - %]324’IHF$AI__EE?&£;I ﬁ;?])xc’éc)\
R enR B AR oﬁ-ﬂ% PR E R 5600 - Ltfw‘”‘lhﬂfﬁﬁgi’\‘%lﬁ FOA R4
STFT # EF R R EF 2P FFKI R > AFHBEF N FLRF
SOFHEC AT o ST S B N %) g R 50 BT R B 4Bt S 600%186-
FEHRFEH AN 4 &3; i P gief7 STFT B~ A #cs 10 chgddicis og
FBE R EFA GBI cEH 4 BEERFILATE 2 AT 4EH PGA £
25gal ¥ 3F o @] 3-25 7o 2 B BB EA WITWR A W o dEP- 41~ 42 fr 43
BHEELDEFEFTE- HF %K
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Bl 3-24 Hybrid Conv-Attention Encoder 7 #
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LB vy ¥ ]
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{ ! { ==== Mean
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}
2970k 2.0 vaNIb a0
{ ! {
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Bl 3-254 %E & P AR5 A A

A0 ek RAR ARgE Y gk o ek 3-60 BT 0 A g~ frRE RS R
tpidRie? il Ao & Bag LY L RE G iR Mie A SR o RS %
B o 24 (FR) $#cr A1 5 & Hybrid Conv-Attention Encoder 7 1§ & 57 & 3=
Y EEFABNFl S8k Py AMIREAS - A T0E MAE 2 5 » &%
#F AR 0 T 2R R TS Fl’—?ii?’ié‘ﬁ%] » EFRT s 7 ground truth
ZECH R S U N R

% 3-6 % Pﬁﬁl reRE iR Ak RAP R ki AR

1D Conv. Encoder

Combinations | F1- Precision | Recall Mean(s) | MAE(s) | Error
score rate
FR 95.36 94.19 96.57 -0.14 0.21 0.062
FR+£1STD 95.12 93.42 97.58 -0.21 0.28 0.077
FR+£2STD 94.64 92.82 97.94 -0.19 0.25 0.090
FR+£3STD 94.63 94.09 96.57 -0.22 0.28 0.060

Hybrid Conv-Attention Encoder

FR 95.83 94.91 96.82 -0.17 0.22 0.055
FR+£1STD 92.91 92.77 97.51 -0.34 0.39 0.084
FR+£2STD 93.85 93.91 96.55 -0.34 0.39 0.066
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FR+£3STD 94.04 94.42 97.75 -0.24 0.29 0.081

g~ IER PGA ALF A 25gal ¢ sk ded 327 fed 3-8 4 - 4
3-7 B PlARis 1~2 3 f/p M AR > @ & 3-8 BB 0 PtAp i
23 Bk R o & BATYY A RE# b R AR T o R %A
T ﬁ;{ﬁﬁ,{%g‘ r.'rv;}é‘réﬁfﬁﬁ* ESS I }_‘%)ﬁ]‘fr’ +2 *}/}I’—,.,/Ei (FR‘Hist) R |
AR IERE S E AR AR B EY - f) ¢ NIRRT S 0 false negatives > &
AY - fe¥ g7 A FL .

%37 3 F iy ~ {4 &30 PGA A3 + 3% 25gal ¥ chlg % (P Ap i 1223
)

1D Conv. Encoder Hybrid Conv-Attention Encoder
Combinations | F1-score | Precision | Recall | Fl-score | Precision | Recall
FR 73.69 71.96 75.51 74.57 75.30 73.84
FR+ £1STD 74.87 74.59 75.15 75.06 77.66 72.62
FR+ £2STD 75.93 78.13 73.84 74.73 72.25 77.39
FR+ £3STD 75.72 72.22 79.58 74.57 73.79 75.37

% 3-8 3 kg > o 4 BT R PGA L3 % %0 25gal ¥ e % (Pt dp 15 2~ 3 4))

1D Conv. Encoder Hybrid Conv-Attention Encoder
Combinations | F1-score | Precision | Recall | Fl-score | Precision | Recall
FR 75.57 74.85 76.31 76.89 77.39 76.39
FR+ £1STD 77.55 75.34 79.88 77.82 78.21 77.43
FR+ £2STD 78.75 78.79 78.72 77.50 76.64 78.39
FR+ £3STD 77.86 75.05 80.88 76.92 72.92 81.38

7 Paﬁi.,?]» BT A E kB RAEE Y ik ded 3940 3-10 #7 o F BT
¢ A TR i ity 1R 0 e 4 e R SR T -

ST > T5 MPAYE 0 ZFE S 2P Ffe £2 8L (FR+
+2STD) hiiy » 5 1D Conv %% B > BRliaficdy & @ 3 F fy 8 AP 548
T ETEkE Fl Adice S BTERBANEYARE -
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%039 3 Iy~ ol i RS A H pp BIPEY B R PRAp = 12 34)

1D Conv. Encoder

Hybrid Conv-Attention Encoder

Combinations | Fl-score | Precision | Recall | Fl-score | Precision | Recall
FR 73.78 72.20 75.42 74.84 75.94 73.77
FR++£1STD 74.92 74.72 75.13 75.21 78.01 72.60
FR+ +£2STD 76.16 78.69 73.79 74.83 72.44 77.38
FR+ +£3STD 75.82 72.41 79.56 74.66 73.99 75.35

# 3-10 ZF?%?%?V Wy JH e RREY iR PR 23 4))

1D Conv. Encoder

Hybrid Conv-Attention Encoder

Combinations | Fl-score | Precision | Recall | Fl-score | Precision | Recall

FR 75.71 72.62 79.08 77.20 78.10 76.31

FR++1STD 77.61 75.47 79.87 77.98 78.56 77.41

FR++2STD 78.99 79.30 78.68 77.64 76.91 78.38

FR++3STD 77.98 75.29 80.87 77.09 73.25 81.36
3.7 DAPPER % E#FEER Tirdr HF 2 T HBHIV R
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(Precision) » 2 % 5§ (Recall) = F1 A # %tk Sd 2R AR B T: 03 P
o RS S 9526% 2w 5 5 9842%F1 ~d#ki 96.81% MAE 5 0.21
5~ T3EMean) = -0.11 5 > ¥ s24% %5 (Noise Error Rate) 7 0.038% o
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e

Bl 3-27DAPPER # 7 I R & 78| PGA £.3 % »> 25gal % (&P b 4p 215 1§~
245 ~34))
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Necall: O 7008

(] 14 0% on 17 on
Theashold
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nn

value
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Flascore = 0779

Mrecision 08129

Recall 0.7489
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Teeshoid

B 3-29 DAPPER &7 ¢ R E T I3 Y H b FE L B(AP AP =i 1 F 24 3
)

B 3-29 &ﬁfr 7 DAPPER i* % H zhrpFp 23 % x % (EEWS) & P pip iz
8 LF~2 %)~ f"‘ﬁ’lz\ﬁ, %}a#ﬁl*&gﬁ’»@m s 03> 747 F PGA Ff
BIBETFeHAES v SF{c Fl ke B3 2R AEFERETS 06 Fo ot
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372 BiFTEREFIV R

BoORAR Bk et ok
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P

P E
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i@ * Liao % % [2] & ik endicdy
2019 # CWASN :h 122,356 A2, F 44 > FIEFFER L 30 §) e
P A4- S

Pt izis 2 7f/

SR BAEE 4 4 (BEWS) &k
R#BW&EB"E'E’%}:LF 038 i &1
,7- 078 ’ ,E'

B ER T
F1 »#cs 0.80 -

°ﬁ&%%é“
A 30 feh
BNFE R BRAE S 5 100Hz o 12 ﬁwa i H

~34)

/Ji 1P

i 7+t & 0 RED-PAN [2] fr Z-score&2.5gal [3] °

F 3-11 &g 0 v s 2P “}’E'ﬁ?*"%\fr DAPPER &4 3R » R & 7 & B3F

)¢ chdo ik £ 9L - DAPPER #0342 w & (Recall) F b it > 2 d e d B
Al 4p e > H4FFx S (Precision) #ix n*& i54 M E % ¢h DAPPER %dp =i Bt 29 8
Pz Fhi B oiz— Mg AT (Mean) foT 398 $35 1 (MAE) szt

By ? » @ % L > DAPPER ¥ ground truth ehif £ vt H s 23] + o

F03-11 27 8 Bdp ik ie 2 f3) R
Model F1-score(%) | Precision(%) | Recall(%) | Mean(s) | MAE(s)
RED-PAN 98.89 98.77 98.83 0.03 0.033
Z- 97.28 97.16 97.22 0.05 0.088
score&2.5gal
DAPPER 96.07 93.65 99.84 -0.13 0.24
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PGA Fg Rl et kit % sip 4y [3] iz b o dcdp e 3 hp
TSMIP 7 4,056 ifjAj7edk o B ik hA5esre 46 P AFERR D 2 Hif0 3 # %
FoRERE 30 0 B85 100Hz o Mae 22 5 o 3 B )8 700 g 0 JA0
CNN oA e Z-score & 2.5gal °

£ 3-124cd 3-13 A AR 0 AP AAR S LA 24 3 ffr i Pk i
2 ~3 ik o fe i e i & DAPPER #-3 ]m%ﬁu BRFE E T H IJ%L»;' E«'J
¥ ehdo it £ I o DAPPER #-4] & F1 ~#cfrz w & (Recall) }iE 5|5 & 41
T oApvt Z-score & 2.5gal A o HAAE F R T L 7 ML w AR AL o

% 3-12 §97 750 PGA 2l (A Pk dn 88 145 ~24) ~ 3 )

Model F1-score Precision Recall
CNN-based 78.27 78.24 78.30
Z-score&2.5gal 16.13 97.42 8.82
DAPPER 83.65 84.61 82.71

% 3-13 527 I 3R] PGA #5410 (e Pk 4p =18 2 ) ~ 3 4))

Model F1-score Precision Recall
CNN-based 77.50 82.74 72.90
Z-score&?2.5gal 55.84 77.98 43.49
DAPPER 81.69 81.99 81.38

3.8 20240403 “EF H 2 F s 447
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7 40 10 FyenTEplE % o mE g 430 2024 £ 4 0 3 p & 7:58:09.8
(GMT+8) B A 2386 & - LD 12158 B GER L 225 22 5 R
& T2MLe A5 d & g F s BAR 4> LA 547G B hRABET] 4 B
doo FI o R AL T R R BT
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118 119 120 121 122 123 124 CWA EARTHQUAKE REPORT
Earthquake No.: 113019
Origin time {Taiwan Standard Time: GMT+8):
4/ 3/2024 7:58: 9.8
. Epicenter: 23.86°N, 121.58°E,
3 Pengjiayy L z
; i.e. 14.9 km SSW of Hualien County Hall
Focal depth: 22 .5 km
Magnitude (ML): 7.2
L2 £ Local Largest Intensity:
5 < Hualien County 6+ Chiayi City 4
Y Yilan County 5+ Tainan City 4
‘__rpjij_;;;:’_d Miaoli County 5+ Keelung City 4
A ) Nantou County 5- Pingtung County 4
e z Taichung City 5- Penghu County 3
, \}5 j Changhua County 5- Lienchiang County 2
, Hsinchu County ~ 5- Kinmen County 1
7 \‘ Taoyuan City 5-
£ { New Taipei City ~ 5-
ViE ‘i| Taipei City 5-
21 3 i 3 3 Taitung County 4
: f a4 ‘U Chiayi County 4
} 5 ¥ @ Yunlin County 4
20 Kaohsiung City 4
Legend *: Epicenter, Number: Intensity _:k'," Hsinchu City 4
0 50 100
B 3-3120240403 =i R¥ 244

3

% 3-14 %7 7 DAPPER #& 0403 3 ;ai ¢ Ap i B I
87.05 > # &z (Precision) 5 89.36> Z. % & (Recall) 5 84.85> TiaiE
L0024 §) 0 Tmmmi (MAE) 5 0.54 4)

Fl1 & #k:
(Mean)

% 3-14 DAPPER {0403 ¥ £ 2 3 ZAp i 1kic &
DAPPER
F1-score Precision Recall Mean(s) MAEC(s)
87.05 89.36 84.85 -0.24 0.54
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P ik Ap i -
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e C LT plEE P A FIE RS PGA A2 25gal Pyl 4

Station Longitude Latitude PGA Arri\zﬂ?r%ee TimePGA >=25 Di ffe-ll’—;rr?cee ©)
EYL 121.6 23.9 595.79 07:58:14.09 07:58:15.05 0.96
SHUL 121.56 23.79 271.65 07:58:14.42 07:58:18.09 3.67
ETM 121.49 23.97 493.85 07:58:14.61 07:58:15.02 0.41
ESL 121.44 23.81 221.7 07:58:14.65 07:58:15.46 0.81
HWA 121.61 23.98 428.76 07:58:14.70 07:58:16.05 1.35
EGC 121.55 23.71 547.2 07:58:15.31 07:58:20.55 5.24
TWD 121.6 24.08 275.45 07:58:15.67 07:58:17.85 2.18
EGFH 121.43 23.67 219.64 07:58:15.94 07:58:18.97 3.03
ETL 121.62 24.16 1049.9 07:58:16.76 07:58:18.32 1.56
ETLH 121.48 24.21 472.82 07:58:17.54 07:58:18.81 1.27
EHY 121.33 235 86.54 07:58:18.34 07:58:26.49 8.15
EHYH 121.35 23.49 188.71 07:58:18.37 07:58:25.31 6.94
WHF 121.27 24.14 344.15 07:58:18.50 07:58:21.51 3.01
EHP 121.75 24.31 360.71 07:58:19.68 07:58:23.51 3.83
EAH 121.74 24.33 697.85 07:58:19.97 07:58:22.78 2.81
FUSS 121.24 24.25 123.88 07:58:20.26 07:58:25.13 4.87
TWF1 121.31 23.35 26.25 07:58:20.46 07:58:45.06 24.6
EYUL 121.32 23.35 126.93 07:58:20.80 07:58:27.62 6.82
TWT 121.16 24.25 154.31 07:58:21.26 07:58:26.91 5.65
ENA 121.75 24.43 401.3 07:58:21.48 07:58:24.46 2.98
ECB 121.45 23.32 138.54 07:58:21.50 07:58:32.99 11.49
WPL 120.95 24.01 59.09 07:58:21.74 07:58:33.48 11.74
NNS 121.38 24.44 306.35 07:58:21.94 07:58:28.56 6.62
EWT 121.78 24.45 676.77 07:58:21.94 07:58:25.23 3.29
SML 120.91 23.88 159.19 07:58:22.47 07:58:32.79 10.32
WCS 120.91 24.06 115.29 07:58:22.78 07:58:32.49 9.71
TYC 120.87 23.91 27.95 07:58:23.01 07:58:47.99 24.98
YUS 120.96 23.49 182.86 07:58:23.45 07:58:31.09 7.64
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Station Longitude Latitude PGA Arri\lz;ﬂ?r\;ee TimePGA >=25 Di ffe-ll:(irr?cee ©)
WHY 120.85 23.7 80.86 07:58:23.50 07:58:37.31 13.81
CHKH 121.4 23.19 162.53 07:58:23.50 07:58:30.51 7.01
EHD 121.21 23.15 107.4 07:58:23.52 07:58:31.13 7.61
CHK 121.37 23.1 111.41 07:58:23.97 07:58:39.27 15.3
WHP 120.95 24.28 60.5 07:58:24.04 07:58:38.38 14.34
NDT 121.51 24.6 98.62 07:58:24.08 07:58:35.40 11.32
ESA 121.84 24.58 205.97 07:58:24.19 07:58:31.53 7.34
NDS 121.72 24.63 317.52 07:58:24.61 07:58:29.64 5.03
ENT 121.57 24.64 185.8 07:58:24.63 07:58:30.13 55
ECS 121.22 23.1 84.13 07:58:24.71 07:58:44.62 19.91
ELD 121.03 23.19 48.16 07:58:24.85 07:58:43.19 18.34
TWC 121.86 24.61 148.66 07:58:24.86 07:58:35.27 10.41
ALS 120.81 23.51 67.57 07:58:25.63 07:58:39.40 13.77
NSK 121.37 24.67 94.85 07:58:25.74 07:58:34.61 8.87
TWE 121.68 24.72 115.18 07:58:25.87 07:58:36.34 10.47
WIS 120.73 23.82 121.74 07:58:26.01 07:58:39.14 13.13
EDH 121.3 22.97 190.43 07:58:26.42 07:58:34.11 7.69
WNT 120.69 23.88 54.97 07:58:26.75 07:58:42.08 15.33
NFF 121.12 24.63 127.8 07:58:26.76 07:58:36.89 10.13
WNT1 120.68 23.91 61.16 07:58:26.95 07:58:39.84 12.89
ILA 121.76 24.76 126.55 07:58:27.00 07:58:37.56 10.56
CHN5 120.68 23.6 90.04 07:58:27.19 07:58:38.45 11.26
LONT 121.13 2291 74.94 07:58:27.55 07:58:45.50 17.95
TWQ1 120.77 24.35 84.27 07:58:27.57 07:58:41.65 14.08
TCU 120.68 24.15 56.88 07:58:27.84 07:58:40.93 13.09
NST 121.01 24.63 82.09 07:58:27.98 07:58:40.69 12.71
WYL 120.58 23.96 92.89 07:58:28.38 07:58:40.25 11.87
TWG 121.08 22.82 23.02 07:58:28.57 - -
STYH 120.78 23.18 68 07:58:28.68 07:58:41.43 12.75
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Station Longitude Latitude PGA Arri\lz;ﬂ?r\;ee TimePGA >=25 Di ffe-ll:(irr?cee ©)
WGK 120.57 23.68 88.5 07:58:28.76 07:58:42.21 13.45
NSY 120.77 24.41 86.85 07:58:28.91 07:58:41.79 12.88
WDLH 120.54 23.69 181.59 07:58:28.93 07:58:38.98 10.05
WCHH 120.56 24.08 302.34 07:58:28.94 07:58:35.87 6.93
KSHI 121.18 24.78 129.85 07:58:28.95 07:58:38.38 9.43
WDL 120.54 23.71 184.67 07:58:28.97 07:58:39.03 10.06
NJD 121.09 24.74 177.68 07:58:28.98 07:58:36.97 7.99
STY 120.77 23.16 28.67 07:58:29.13 07:59:01.09 31.96
WCH1 120.55 24.07 216.31 07:58:29.19 07:58:37.96 8.77
WCKO 120.6 23.44 262.32 07:58:29.28 07:58:39.55 10.27
EGS 121.94 24.84 53.59 07:58:29.37 07:58:50.02 20.65
WWC 120.52 24.26 59.78 07:58:29.57 07:58:43.79 14.22
NMLH 120.79 24.54 391.14 07:58:29.58 07:58:36.64 7.06
WDJ 120.64 24.35 4251 07:58:29.61 07:58:54.76 25.15
TTN 121.15 22.75 21.83 07:58:30.07 - -
CHN4 120.59 23.35 73.29 07:58:30.08 07:58:47.88 17.8
TWA 121.59 24.98 67.9 07:58:30.39 07:58:51.47 21.08
NHDH 121.53 24.96 122.75 07:58:30.39 07:58:39.96 9.57
HSN1 121.02 24.78 76.96 07:58:30.43 07:58:41.81 11.38
WTP 120.62 23.24 29.04 07:58:30.44 07:58:59.85 29.41
NJN 120.87 24.68 114.85 07:58:30.59 07:58:42.50 11.91
CHN2 120.47 23.53 99.69 07:58:30.69 07:58:45.33 14.64
WTK 120.39 23.69 156.96 07:58:30.82 07:58:37.78 6.96
WRL 120.38 23.9 179.88 07:58:31.05 07:58:37.44 6.39
CHY 120.43 23.5 67.96 07:58:31.27 07:58:50.71 19.44
SNS 120.5 23.22 22.65 07:58:31.35 - -
HSN 121.01 24.83 106.06 07:58:31.43 07:58:43.94 12.51
TAP 121.51 25.04 84.45 07:58:31.65 07:58:43.78 12.13
NCU 121.19 24.97 94.16 07:58:31.70 07:58:42.15 10.45
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Station Longitude Latitude PGA Arri\lz;ﬂ?r\;ee TimePGA >=25 Di ffe-ll:(irr?cee ©)
NHY 121.57 25.04 100.95 07:58:31.76 07:58:42.58 10.82
ECL 120.96 22.6 13.35 07:58:31.83 - -
NTY 121.3 25 114.85 07:58:31.86 07:58:40.85 8.99
TWB1 122 25.01 73.41 07:58:31.86 07:58:53.87 22.01
CHN1 120.53 23.18 24.16 07:58:32.05 - -
WTC 120.29 23.86 80.17 07:58:32.08 07:58:43.05 10.97
NWF 121.78 25.07 177.34 07:58:32.18 07:58:42.94 10.76
SGS 120.59 23.08 30.15 07:58:32.38 07:59:08.86 36.48
NHW 121.05 25.01 83.86 07:58:32.43 07:58:54.41 21.98
SLG 120.65 22.99 29.35 07:58:32.50 07:59:02.56 30.06
ZUZH 121.54 25.16 76.68 07:58:32.63 07:58:54.10 21.47
WML 120.22 23.8 86.52 07:58:32.85 07:58:43.88 11.03
NOU 121.77 25.15 51.28 07:58:32.89 07:58:56.10 23.21
WSF 120.23 23.64 81.71 07:58:32.95 07:58:49.71 16.76
TWS1 121.42 25.1 58.13 07:58:33.00 07:58:54.34 21.34
ANP 121.53 25.18 23.94 07:58:33.22 - -
WSL 120.23 23.52 121.12 07:58:33.59 07:58:44.60 11.01
ICHU 120.28 23.36 80.69 07:58:33.70 07:58:45.37 11.67
NTS 121.45 25.16 152.1 07:58:34.10 07:58:43.10 9
SSD 120.64 22.74 18.37 07:58:34.23 - -
NWR 121.66 25.2 40.91 07:58:34.28 07:58:57.38 23.1
NSM 121.59 25.29 26.95 07:58:34.68 07:59:07.13 32.45
SMG 120.64 22.71 22.42 07:58:34.79 - -
CHNS8 120.22 23.35 48.75 07:58:34.80 07:59:00.10 25.3
TWY 121.61 25.27 25.66 07:58:35.15 07:59:05.35 30.2
TAW 120.9 22.36 7.75 07:58:35.59 - -
EAS 120.86 22.38 17.42 07:58:35.66 - -
CHN3 120.36 23.08 43.71 07:58:35.69 07:59:10.00 34.31
SCL 120.2 23.17 45 07:58:35.86 07:59:03.05 27.19
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Station Longitude Latitude PGA Arri\lz;ﬂ?r\;ee TimePGA >=25 Di ffe-ll:(irr?cee ©)
SSH 120.29 23.14 38.2 07:58:35.86 07:59:02.28 26.42
TAWH 120.89 22.34 19.08 07:58:35.91 - -
SCS 120.49 22.89 106.74 07:58:35.92 07:58:49.01 13.09
SHH 120.35 23.02 84.87 07:58:36.27 07:58:56.62 20.35
TAILl 120.24 23.04 27.81 07:58:37.18 07:59:21.39 44.21
TAI 120.2 23 16.99 07:58:37.47 - -
TWML1 120.43 22.82 19.32 07:58:37.82 - -
LAY 121.56 22.04 33.44 07:58:37.96 07:59:07.71 29.75
SLIU 120.8 22.22 3.99 07:58:38.15 - -
SGL 120.5 22.72 27.96 07:58:38.62 07:59:28.84 50.22
SCz 120.63 22.37 8.37 07:58:38.65 - -
SSP 120.57 22.48 23.29 07:58:38.69 - -
SPT 120.49 22.68 22.32 07:58:38.74 - -
SNJ 120.34 22.75 34.35 07:58:38.98 07:59:29.57 50.59
WSS 120.26 22.64 8.38 07:58:40.53 - -
PCY 122.08 25.63 16.44 07:58:40.98 - -
WDG 119.67 23.26 7.64 07:58:40.99 - -
TWK1 120.81 21.94 477 07:58:41.71 - -
SMS 120.84 22.02 21.84 07:58:41.97 - -
WLC 120.37 22.35 6.5 07:58:43.21 - -
WLCH 120.38 22.35 6.41 07:58:43.33 - -
SEB 120.86 21.9 11.07 07:58:43.57 - -
HEN 120.75 22 19.66 07:58:43.89 - -
SNW 120.75 21.96 16.67 07:58:45.51 - -
MSU 119.92 26.17 4.46 07:58:52.38 - -
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Abstract

This study integrates the real-time seismic waveform processing workflow and the
previously developed real-time seismic phase-picking model, RED-PAN (Real-Time
Earthquake Detection and Phase-Picking With Multitask Attention Network), into the
new EMQX server architecture of the Central Weather Administration (CWA) for
real-time seismic data processing. The testing results demonstrate that the workflow can
process real-time waveform data from more than 500 stations and update seismic phase
arrivals using RED-PAN within approximately 0.6 seconds, achieving near real-time
performance. This study also developed a deep learning model based on the Fourier
Neural Operator (FNO) for rapid earthquake magnitude evaluation using real-time
seismic waveform data from multiple stations. The model integrates waveform features
from multiple stations with source distance correction parameters and utilizes
time-frequency domain feature extraction to achieve rapid magnitude estimation. The
machine learning model was trained, validated, and tested using seismic recordings of
events with magnitudes greater than 3.5 from 2012 to 2023 in the CWA catalog. The
results indicate that when using waveform recordings available 3 seconds after the
P-wave arrival at the fifth station, the model achieves magnitude errors of less than 0.4
for approximately 95% of the events. For seismic events with magnitudes greater than 5,
the model demonstrates stable predictions with most errors below 0.5, highlighting its
high accuracy in assessing large-magnitude earthquakes. The simplicity of the model’s
algorithm design ensures high computational efficiency. Testing shows that the model’s
single inference time is less than 0.05 seconds, confirming its capability for near
real-time earthquake magnitude evaluation, making it well-suited for practical
applications in earthquake early warning systems.

Keywords : Earthquake magnitude, earthquake early warning system, seismic
hazard
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