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2 Abstract

The frequency of earthquake occurred in Taiwan is high and it often accompanied
by destructive seismic events resulting in significant losses. In order to mitigate the
disasters caused by these earthquakes, earthquake early warning (EEW) systems have
emerged as crucial tools for disaster preparedness. EEW systems can issue warnings
before the arrival of strong seismic waves, providing people with valuable time to take
appropriate actions to reduce the impact of these disasters.

Earthquake early warning systems are primarily categorized into two types: on-site
and regional. On-site Earthquake Early Warning Systems (EEWS) are designed to
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provide alerts for areas close to the earthquake epicenter, addressing the immediate needs
of those in proximity to the epicenter. In contrast, Regional EEWS leverage data from
multiple nearby seismic stations to detect strong seismic waves and broadcast warnings
to more distant areas. Regional EEWS ensures that critical regions receive early
earthquake alerts, further reducing the risk of disasters.

This research employs a neural network-based approach, analyzing seismic
waveform data recorded by stations near the earthquake epicenter to predict the peak
ground acceleration (PGA) at a target station. The aim of this study is to utilize neural
network technology to realize a regional earthquake early warning system, enhancing our
ability to accurately forecast earthquake intensity and provide earlier warnings to relevant
regions. This research holds the potential to provide robust support for the development
and implementation of earthquake early warning technology.

Keywords: Neural Network ~ Earthquake early warning -~ PGA prediction
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Abstract

Deep learning has made significant advances in many research subjects, including
text, image, and speech processing. In light of this, this study focuses on exploring the
use of deep learning to enhance the performance of earthquake early warning tasks. Our
research results can be divided into three topics. First, based on our previous research
results, we extended to derive a GRADUATE model that combines time-domain and
time-frequency information for P-phase picking tasks. Through experiments, we further
examined its performance superiority over other state-of-the-art models and its stability
across different corpora. Second, inspired by the success of large pre-trained foundation
models, we used the Wav2Vec2.0 model as an example. We explored the feasibility of
large pre-trained models in earthquake early warning tasks by training on the CWASN
and TSMIP datasets. Finally, continuing from previous achievements, we focused on the
sustainability issue of the model, specifically addressing how a deep learning earthquake
early warning model utilizing data from multiple stations handles the sustainability aspect
when facing the addition or removal of seismometers. The goal is to ensure the model can
not only provide stable predictions, but also prepare for facing potential challenges for
real-world applications.

Keywords: Phase picking, Pretrained model, TEAM
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#2170 % R %2 CWA T B it 34

Subset Training  Validation Testing
CWASN 375,422 46,833 86,019
TSMIP 69,415 11,172 8,458
Noise in 599,248 71,746 135,920

CWASN
Total 1,044,085 129,751 230,397

i a STEAD[15] 271 9% »STEAD ¢ 7 kp 23k (3 ¢ 450 #)
60 ) - “,ﬁ% T RE R vRe 326 200,000 £ Fe
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AL e TR EEAT £ 22

E A FRY S

% 22 % 3t g %z STEAD TR & et 4] ¥

Subset Training Validation Testing
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Total 1,075,808 63,283 126,566

- AR BERE DLR RS feh- BB @ PR
Rk BEAEIE By s AV - BRSO Tt A 237 0 AR
7oA B F LB h SNR B4 (522 B & BEAEA F o 2438 I STEAD 4p+t CWA £ 7
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% 2.3 : STEAD & CWA FH Bt > Br 7 Z 4 843, SNR fr & & fEdg
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Z-component SNR (dB) 22.06/19.92 | 11.09/10.52

615



Epicentral distance (km) 50.92/39.05 | 107.98/92.80
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Prediction window The timesteps P-arrival fixed

10 s (1,000 samples) 250, 500, and 750-th sample

20 s (2,000 samples) 500, 1,000, 1,500, and 1,750-th sample

30 s (3,000 samples) 500, 1,500, 2,000, and 2,750-th sample
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and F-score #7734 5 4o

TP
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P-arrival Model Recall ~ Precision F1l-score  u(s) a(s)

STA/LTA 0.9874 0.8569 09175 0.3361  1.2467
EQTransformer | 0.9988 0.9884 0.9936  0.0585  0.1633

750 PhaseNet 0.9793 0.9630 09711  0.0916  0.5821
RED-PAN 0.9847 0.9463 0.9651  0.1859  0.9843
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RED-PAN 0.9219 0.7838 0.8473  0.3192  2.2950
GRADUATE | 0.9999 0.9896 0.9947  0.0254  0.1440

STA/LTA 0.9999 0.8464 09168 0.3916  1.2333
EQTransformer | 0.9992 0.9869 0.9930 0.0560  0.1636

2000 PhaseNet 0.9794 0.9655 09724  0.0704  0.3653
RED-PAN 0.9106 0.8907 0.9005 0.1067  2.3559
GRADUATE | 0.9999 0.9890 0.9944  0.0249  0.1525

STAILTA 0.9999 0.8457 09164 0.4113 1.3174
EQTransformer | 0.9852 0.5014 0.6645  0.4533  0.4801
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2750 PhaseNet 0.9825 0.9646 09735 0.0625 0.2774
RED-PAN 0.7045 0.9379 0.8045  0.4253  1.7579
GRADUATE | 0.9997 0.9857 0.9926  0.0323  0.1986

# 2.6 : CWA F#L & + ¢ p-wave phase picking & % (FERIFFE ¥=304)

P-arrival Model Recall  Precision F1-score u(s) a(s)

STA/LTA 0.9871 0.7757 0.8687 0.2294 0.6174
EQTransformer | 0.9961 0.9354 0.9648  0.1566  0.2867

750 PhaseNet 09760  0.9364  0.9558 0.1642  0.4078
RED-PAN 0.9470  0.9555  0.9512 0.1308  0.2307
GRADUATE | 0.9983  0.9446  0.9707 0.1469  0.3997

STA/LTA 0.9870 0.7984 0.8827 0.2164 0.4677
EQTransformer | 0.9962 0.9360 0.9651  0.1631  0.3833

1500 PhaseNet 09780  0.9353 09562 0.1776  0.5772
RED-PAN 0.9532 0.9553 0.9542 0.1313 0.3176
GRADUATE 0.9985 0.9458 0.9714 0.1429 0.3107

STA/LTA 0.9870  0.8093  0.8893 0.2068  0.4881
EQTransformer | 0.9962 0.9394 0.9670  0.1707  0.4643

2000 PhaseNet 09769  0.9302 0.9530 0.2004  0.8462
RED-PAN 0.9487 0.9565 0.9526 0.1292 0.5057
GRADUATE | 0.9983 09459  0.9714 0.1394  0.3036

STA/LTA 0.9848 0.8244 0.8975 0.1726 0.7652
EQTransformer | 0.9886 0.9006 0.9425  0.2715  1.2548

2750 PhaseNet 0.9715 0.9250 0.9477 0.3264 1.8239
RED-PAN 0.7669 0.9623 0.8536 0.1139 1.4289
GRADUATE | 09687  0.8853  0.9251  0.2398  0.8352

235 L fplr = LA RIGR %
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t.

SSAEIRRIFRE T F R R LR L ’_?A%Wﬁfwrﬁmgy
PRt Y REOEFERFRETI{ T NE qu.r{i - PR RE o B iE— IR P s A
£ &5 10 fi& 20 fyenipRl e v 0 2 2.7 7] 210 B 5& R ihr“ﬁsiﬁu
GRADUATE % #r3 k¥ &+ 24 7 H & basellnes i 2E_NIEP o F
EQTransformer 4= STA/LTA » iz 2 P £ & 5 10 #)c3g Rl % © i it & GRADUATE
BEZ e BT wAf)* &k p dual-domain 7% 30 o

P

% 2.7 : STEAD 7 # & + p-wave phase picking =4 % (Fg#|% v =10 )

P-arrival Model Recall  Precision F1-score u(s) o(s)

STA/LTA 0.9679 0.9015 0.9335 0.1628 0.4295
500 EQTransformer | 0.9934 0.9845 0.9890 0.0966 0.1595
GRADUATE 0.9965 0.9894 0.9930 0.0864 0.1364

STA/LTA 0.9817 0.8895 0.9333 0.2352 0.7379
750 EQTransformer | 0.9947 0.9838 0.9892 0.0932 0.1632
GRADUATE 0.9969 0.9899 0.9933 0.0882 0.1770

# 2.8 1 CWA F#L & + p-wave phase picking ¢ % (iRl % ¢ =10 /)

P-arrival Model Recall ~ Precision F1-score  u(s) a(s)

STA/LTA 0.9201 0.8594 0.8887  0.2076  0.3383
500 EQTransformer | 0.9893 0.9395 0.9638 0.1489  0.2106
GRADUATE | 0.9960 0.9417 0.9681  0.1542  0.1995

STA/LTA 0.9187 0.8619 0.8894  0.1939  0.3338
750 EQTransformer | 0.9901 0.9391 0.9640  0.1558  0.2466
GRADUATE | 0.9954 0.9399 0.9669  0.1564  0.2265

% 2.9 : STEAD 7 # & + p-wave phase picking 0% % (Fg#|% v =20 )

P-arrival Model Recall ~ Precision F1-score u(s) a(s)

STA/LTA 0.9852 0.8963 0.9386  0.2897  1.2820
500 EQTransformer | 0.9959 0.9869 0.9914  0.0715  0.1999
GRADUATE | 0.9983 0.9890 0.9936  0.0657  0.1433
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STA/LTA 0.9930 0.8183 0.8972  0.4531  1.1125

1000  EQTransformer | 0.9969 0.9865 0.9917  0.0916  0.2304
GRADUATE | 0.9993 0.9902 0.9947  0.0576  0.1351
STA/LTA 0.9999 0.8130 0.8968  0.5097  1.3008

1500  EQTransformer | 0.9969 0.9851 0.9910 0.0993  0.2348
GRADUATE | 0.9995 0.9902 0.9949  0.0576  0.1222

STA/LTA 0.9999 0.8132 0.8970  0.5318 1.3721
1750  EQTransformer | 0.9963 0.9903 0.9933 0.1025  0.2644
GRADUATE | 0.9995 0.9904 0.9950 0.0631  0.1393

# 2.10 : CWA F#L & + p-wave phase picking % % (Fg#| % v =20 ) )

P-arrival Model Recall  Precision F1-score u(s) a(s)

STA/LTA 0.9691 0.8043 0.8790 0.2970 0.7141
500 EQTransformer | 0.9976 0.9413 0.9686 0.1450 0.2610
GRADUATE | 0.9981 0.9451 0.9709  0.1439  0.2884

STA/LTA 0.9724 0.8184 0.8887  0.2234  0.5015
1000  EQTransformer | 0.9978 0.9392 0.9676 0.1444 0.2452
GRADUATE | 0.9984 0.9450 0.9710 0.1419  0.2397

STA/LTA 0.9715 0.8241 0.8918 0.2035  0.4700
1500 EQTransformer | 0.9975 0.9381 0.9669  0.1507  0.3734
GRADUATE | 0.9982 0.9454 09711  0.1429  0.3327

STA/LTA 0.9675 0.8290 0.8929  0.1811  0.5082
1750  EQTransformer | 0.9961 0.9483 09716  0.1532  0.4591
GRADUATE | 0.9969 0.9592 09777  0.1384 0.3714

236 % F#gEY s B &K

= F 0 AP LT A A7 BT iR B g 0 EQTransformer ~ RED-PAN
4= GRADUATE * & 1% 5t grenficd] > £ 2.11 fr 2,12 » % Z 447 I channel {v
location % %} (g k%% 0 A g R GRADUATE 272 F ek BRBEHET » = %
&R iErH 0 baseline - iz 4 P GRADUATE 2 = { £ % hifipl > 72 £ » R RFE

g R o
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# 211 : CWA FT# & 1+ 2 | channel i
P-arrival | Channel Model Recall ~ Precision F1-score u o

EQTransformer | 0.9968 0.9573 0.9767 0.1124 0.2265
HL RED-PAN 0.9734 0.9701 0.9717 0.1040 0.2667
GRADUATE 0.9991 0.9595 09789  0.1160  0.4684
EQTransformer | 0.9906 0.9352 0.9621  0.1550  0.2615
750 EH RED-PAN 0.9373 0.9549 0.9460 0.1267  0.1810
GRADUATE 0.9981 0.9412 0.9688  0.1477  0.4184
EQTransformer | 0.9920 0.9086 0.9484  0.2079  0.5553
HH RED-PAN 0.9279 0.9417 0.9348 0.1616  0.2059
GRADUATE 0.9978 0.9327 0.9641  0.1751  0.3050

# 212 : CWA F# & + % F location sy

P-arrival | Location Model Recall ~ Precision Fl-score U o

EQTransformer | 0.9929 0.9415 0.9666 0.1431 0.3331
Surface RED-PAN 0.9529  0.9613 0.9571 0.1208  0.1763
GRADUATE | 0.9986 0.9477 0.9725 0.1350 0.3140
EQTransformer | 0.9873  0.9075 0.9457 0.2107 0.5535
750 Borehole RED-PAN 0.9317  0.9393 0.9355 0.1691 0.2589
GRADUATE | 0.9977  0.9319 0.9637 0.1781 0.3370
EQTransformer | 0.9977  0.9568 0.9768 0.1206  0.1908
Seabed RED-PAN 0.9634  0.9480 0.9556 0.1084  0.2635
GRADUATE | 0.9981  0.9457 0.9712 0.2011 1.1803




A4k 560 SNR (0 #-55 B CWA Bcdh A % 5 B B b o 04 SRR
3 B %AT ek 213 ¢ > GRADUATE t#rF Fedlt cnfal » # otii 38 %
EQTransformer » # P 2% i edic | iy { A8 2> AP B %M > § SNR 7 42:6 0 dB
P& » EQTransformer f- GRADUATE 2. B et it Z B 8 < » S#P 1 4 A%
P15 7] % § 322 e g% - GRADUATE # i f 4c f£ % -

# 2.13 : EQTransformer - GRADUATE & CWA F# % 7 |2 SNR ¥ fF F szig b

SNR interval Model Recall Precision F1-score u(s) o(s)

<=0dB  EQTransformer | 0.9876 0.8892 0.9359 0.2601  0.3879
(3.879) GRADUATE | 0.9884 0.9528 0.9703  0.2148  0.3733
0~5dB EQTransformer | (0.9886 0.9038 0.9443  0.2580  0.6055
(14,996) GRADUATE | 0.9931 0.9461 0.9690 0.2117  0.5800
5~10dB  EQTransformer | (0.9969 0.9271 0.9607  0.2164  0.6397
(20,756) GRADUATE | 0.9984 0.9522 0.9748 0.1718  0.4501
10~15dB  EQTransformer | (0.9993 0.9580 0.9782  0.1453  0.3359
(22,389) GRADUATE | 0.9997 0.9692 0.9842  0.1224  0.2422
15~20dB  EQTransformer | (0.9998 0.9787 0.9891  0.1066  0.3530
(16,793) GRADUATE | 0.9998 0.9843 0.9920 0.0809  0.1733

20~25dB  EQTransformer | (0.9997 0.9906 0.9951  0.0841  0.2137
(9,282) GRADUATE | 0.9995 0.9934 0.9964  0.0553  0.1072

>25dB EQTransformer | (0.9998 0.9966 0.9982  0.0737  0.1120
(5.022) GRADUATE | 0.9998 0.9974 0.9986  0.0407  0.1029
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Converting waveform into
pytorch tensor

——— —> WaveSaver ]—){ Picker }

Real-time
waveform packet

Monitoring

Writing the picking infomation If exceed the threshold

[Ground motion predlchon]

Y

Earthquake localization

Line Notify

Reporting

[ ]
[ Magnitude estimation ]
[ )

Downstream modules

Bl 2.2 1 EEW & st&r GRADUATE #:3] % & 2 JF iz

24P AP FHA T A EEW i 32 3t

Earthworm [8] - B % % 3 R & 4 (EEW) RK3Henps s, pand ¥
L TS ESR L ‘imP”?é?{’ AP EB R D D p AP ERA —
GRADUATE ' & | & 3u@ » MR IR G ehfirle o B 'l% *f#ﬁr%] 2.2 9757 0k ked
WaveSaver -5 & 480 § F «f:rﬂzﬂ Pl b i mp Flate > g de 4@ {8 > WaveSaver
¢ Mt T2 ppHEORA T F I %&" PR e .

Picker fi-ie fik 3 R #c? #P-F 3L > HRids Ef’f GRADUATE #¢3% mwf@wag
¢ > Picker 5 & B ip|=EF R 0 picking % % » 22 {5 Bk 2 picking TR »

B8 > s PICK_RING » 7T 5ficei * MJ'!'IL"J'E_,’}’E_‘}F' Bl o I-L NS ]FB 1%
i Line Notify & & $4 #1 5o RA P T 00 TR & Rleb it B T 0 fid
T BRI APRREIAVREY AT LA TRLIA FAFLE 4
ﬁ*‘lf‘?\s TR AR AE Y Pl age RN > R HER T AR T A
FE 0 - kANl AR ] L de% - BplsRAL pick o &0 A H BT 5B ip ek
oo 2 % RlEks B fRAR pick s PRAZRIEE o picking B R ARAR S G 2% 0 1B
BIERCT ARG GE U T ERBAHER - L REEOIFRFRF L D
YR o gt LT RET R EE G TR OT R AP R g § FE R e phase
arrival 3 2 LIERIPFR § hda £ RIPF > 4 BHAL L F 20 Blde o § 3102 20 fyen
PR g lrﬁ@]/\p% » £ 3 % FE el e phase arrival # 4 &% 1500 BiA2fopF > A
AR & G P p|ck|ng B o pw o> RN irv o i TOREE RS 20 Fy e v‘rs)%g:,zq
GoEe B FRIE % A AE B TSMIP 3 R 3% B4 & 5 4 553 {F Tk ip| ok
pteh o 2R - CWA R ﬂ\@l{?ﬁﬂpickerx,&%zgm o 4 322 STAILTA % &
i* ot T pEplzE k> AR * Earthworm @ £ tankplayer fioie w 2% iE 4 hE
AR APK 202 EE#T 30 230 (T %5 019)
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241 %+ 1:2022# 3% 23p

- BEEFA A 2022 &3 23 p (5%H5019) > FRaEmEAs Lt
214 ¢ > 4 ¢ e First Arrival & % #03] 5 = # picking T3 B » £ 3 =Rl
PICK RING 2 ¢ ¥/ o &R 23 7 > 2P B 7 & 3 picker 7 = i ]3] p it
el o Blen 2 304 Bt 7 Al picker - 7 GRADUATE eh% % » @ + &7 73
CWA picker » ¥ i# 3un STAILTA = 2 en % o

%2141 5 B 2022 # 37 23 p E i (HhEL019) efimiz

(UTC+8)
Origin Time 2022/03/23 01:41:38
Epicenter (121.61°E , 23.4°N)
Magnitude 6.7
Source Depth 25.7 km
Maximum Intensity 6 weak
First Arrival (Al picker) 01:41:50.41 (6 stations)
First Arrival (CWA picker) 01:41:49.17 (1 stations)

B2 7R % % B or CWA picker ++ Al picker #% m %) - #)#- picking F 3 & »
PICK_RING > e ¢ 7z - @iplzt > 2@ > GRADUATE &7 - #) I B picks 7 = i
Bleb o BEAREPER g 0 AP m BRI (S BRI T 0 STAILTA & * i ¥ 23+
B ARRS % > GRADUATE A0 iR & § ¥ o™ 2 9 2 7o ey 3> 4o )7 g B
2 il @ g et £ S0 B R @RS % 0 1y GRADUATE i s
Mo oA O RIFBPIEEA T AP AN AT RLE RN B- P Y
7 1 _GRADUATE #3483 3| { % ARiTip|bAk pick P> 1 B » & 3 3o fat -
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Al picker CWA picker

=9 =9

-
.

. : Station . : Epicenter

@ 2.3 : Al picker ( = ) v CWA picker (+ ) #2022 # 3 % 23 p % ¢
(No0.019) ¥ FEp|enR & frdeE =2k

: Both CWA and our model picked

#215:2022 # 3" 23 p ¥ (N0.019) # Al picker fv CWA * 1 $+if 2
&1 phase arrival pF ¥ v& #i

i

5

Station Manual Al picker

EYUL (121.32°E , 23.35°N) 01:41:46.47 01:41:46.41
EHYH (121.35°E , 23.49°N) 01:41:46.04 01:41:46.14
ECB (121.45°E , 23.32°N) 01:41:45.91 01:41:45.92
TWEFI (121.31°E , 23.35°N) 01:41:47.41 01:41:47.40
EHY (121.33°E, 23.50°N) 01:41:46.05 01:41:46.24
YULB (121.30°E , 23.39°N) 01:41:46.26 01:41:46.22

il T RIR R % 2 b s A frie - bt 1 GRADUATE 3 i@ «5 phase arrival & ¥
22 CWA % A 1 P48 2 phasearrival PR > CWA ehi % & p pfiles» & 2.15 &
FE 06 BRI PEEFL BT ’KZ 4238 0.1 ) > &1 GRADUATE 4§ 2_

7‘1‘“1
BRYRgEFIPEEY o
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2.4.2 EEW ik $uaziy

o IR AP T ANER E Y ghphase picker & & it vt @ Fgpicker { B
A 4 picking 2 % > rﬂ oo R R ey ¢ A S A PE Y P .__? w2 iF (T - ﬂE;\
B2 5 APHFRE G AR RE A 0 B v B R CWA o
GRADUATE picker ‘%’K&F(’fr IRE I enTE Rl AEE 0 R 0 2 R "f ,"__;E.yfé % picker
T i A A FF SR o

% 2.16 : CWA 4r Al picker = p picking =ip| = #ic & v &

Date (UTC+0) Al picker CWA picker
9/29 69 293
9/30 124 375
10/01 100 343
10/02 210 418
10/03 133 429
10/04 130 467
10/05 133 298
B131 D086

: predicted phase arrival time

Bl 2.4 : & CWA picker % % 3548 e it 4]

% 2.16 v #.7 CWA 4r Al picker & p pick rip|=-#c& > Al picker picking
BlrbficE ik Mt CWA picker > 27 st BRI 4I2* 3 M > VBRI F IR
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7 picking — B sb el o ZA @ A IRz o7 CWA picker # % ¢ 5 < £ 5
BlEbAL pick > R F12 B 2.4 ek ARG B B¢ Ao 7 CWADpicker vt ¥ L en
FARAR S BAA G RE R R ARSI PRESPE S KA o A
T OB FAR A 2P 2L 0 AR R R .

Bl 2.5 B 1 ¥ RIFE k¢ Picker i g i éhid v > picked stations £ 4 2 ik
A% 18 Line Notify Jis * #2358 38 3% 3] £ % o

Seismogram collected from one of the

Map on the picked station(s) picked station(s)

e F068 )
@ [P-wave picking) 2 B35 (ERT P& 1 ‘
&M 2023-09-30 21:04:42.856911 v ‘\w
~ i
Il
L ‘M‘

R 2.5 * Line Notify } i frehige b

=% VRN R2ZAY
31 AT+ F

B BRI R AL N A R A A BRSO BT
B ATEIEE R EFIFRE Y TR F B > AP 4 B A B oA 5
FTHASLS & thig + i 4 ke g ¥ B E RHoig Rl rE s foac g o

AR - AR A LA B 0 AN SR DRI EET ki R
Z_ p enpicking $%] GRADUATE » 12 % 34 i 4 B ipl ek ek A5 R IR RIR = R K eh
PALRREEREFTPHEEARI NG EF TS e T EM P42 2R

AR EHCA] o FER] p Ak i B PR oiCE] GRADUATE & Stk aj¢e 2.7 75 &

RABLAER AT FEFES - 7 2 PP A FRE Y R F - A
PAA > A1 ARSIEBREFAEERY RS FUE S Rk
7 e o

o« \xm

pOREHR B R A - AR EPFDETE o d R R R SFE AP
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He REPRFAIREIETF A E0@mF U L4 5 7 % aER &Y A
ﬁﬁygﬁﬁgﬁﬂ?"lfJ*im%R&%Tmﬁ+ﬁ‘1%ﬁﬁﬁ%F

Wil FEld G st g o M o AR licdp ) 2 SRRz BRI FFF 0T T
vLRTES R B B R AR picking o BB FERIBCR] chlh A o F]L o £‘i€LiJa 4 —
fhae 59 U 2RE R Y h7 U0 Ry IR AL Su e I 2 Rl
® PR et A feig et TR B R LA o R SR AT R R ek Ry
Flpt o ARl R Wav2Vec [18] - Wav2Vec2.0 [19] - HuBert [20] » % L i& 735 5 ;“gk
Bl 0 TR YT ,ﬂﬂ/xaffmikWE* EW LR R E’%«‘ B2k ok T
RS -

32 FYRHEINANE
3.2.1 Wav2Vec

Wav2Vec & - a2 E 58 Y dnF 5 2 7 8V #03] Al 47 R
HEMARI BRI Br 7 RFLETES F%%imwf@‘" EALEAT S ARG
SR S RUACH RN E‘")"?ﬁ U EE Y A TR FAAKEEG A AREE
2 47 o Bk > Wav2Vec $o3) L R 4n3F 4 gl x T —»%J oo i AR A
GERE SR i k- w@ »eEE S T MBI A Reaik A o AR T

B BT E A\ B B Y #5 B fe B (Encoder Network)fe = 18 < 4 g
(Context Network) o & £ » %f% BRE(f)€ * 5 A B BT A ’?/iq» R E=V: e
Be > R il N BE R I BRE T x P - B
£ z ’%xé’ﬁiﬁ,ﬁ F e £ Zige , B¢ 0k F AP EIFPI A K apE
BhoRig At = RR(g)® * B B EHE %.?:Pé&éﬁﬂ MY & Z, e, Ziy
i AT =902 2Zi—y) B P TV G ERATTARET X | 0 2 {5 Hy
oA e R mﬁiﬂ v Z,C t TP ’fﬂra‘ﬁﬁ*\ Sl B o R 0§ B S
FToRaEx s G DA Z (TR ﬁxﬂ*’“lrﬁ#ﬁ% ST AN 3
Ao kA chght 354 S (Contrastive Loss) -

Ly = =i (log o(z;hi(c))) + AE[log o(=Z"hi (c)])

HY gk Sigmoid S#ic T 2 BAhE B 2 A5 f 1R Al ® o hy(c;) = Wic; + by
£ - 1 step-specific eraIL A » T2 HE B k G - BRESEE o Bl KT
7k ﬁ}@mlossw%cm .E'I'&xm#ﬂ oo ipBHCA Y o Yndh B R S
’g*w;“]/f"’\\:% . )H"Ef{ﬁ *'gﬁ ! \'—'% P%ﬁ’fr‘f}ﬁ( R P_;&x ’56@*3— ]&Fﬁ‘ﬁ’\f'
Wihwh t5 2 T BB A fr LERIFF A7 0 $ A Sl Jg il E
] E R A ehdp DR kD ‘ﬁif‘”"‘ E RSP 3 i IR 7 S g
ie e W aE I A P AR AR 0 Wav2Vec w SRR B 1) { B g
T Ao BB Y Pk T T U +ﬁ4ﬂzz&,wf?'fﬁ’4u1 EE A L e
AP M EiE AR o
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3.2.2 Wav2Vec2.0

Wav2Vec2.0 F i 1% < £ AL dkdp e 7 p A EH 0 L EH
YRAEP i B kP L ARDFER £ T o 4FH3T Wav2Vec » Wav2Vec2.0 ji_
AR m B R > ¢ 4550 0 0 Transformer # s #03) h% B B 0 A IE P SUEAR
¢ 50~ 7 34 £ He (Product Quantization) > &Rl e AR Y 51 0 g R
(Masking) #8+#]% - % 48 k3 > Wav2Vec2.0 L #4355 x (75 85~ » ~ 0
Ak HERY T BB BEFFE > 4o L kB E (Feature Encoder) fr
Transformer % & (4 Transformer ‘o = o 5 < gegk) e 5 L 8d Sk - -
Koo 0z ks e GELU Je & chificsur® B (f) % ~ PR 30 X prit s
Pr 847 z3,2p  B7 T RATERER - BGA TR Z §83
Transformer % # % (g) > Transformer % i@ * L &k T L Ap$ = 8 4 »
(Relative Positional Embedding) - iz @84 ¢ > Transformer £ ¥ & B & 7| {8
B0 ) B B mﬁi%l kB R AL T ey, e, O 0 IR B RIS E mﬁig?l )
Z €Wk MAE BRI 5 - 2y VanEF A qr c KR E AR IS
i##5 ~ (Codebooks) = (Groups) ® iE#”% i* £+ (Quantized Representation)”
¥ #-v 4 (Concatenation) 4= %k o B F G BAIS 2 K BB A LRE G
V BEP e€ RV, Mg s g+ v 44— BIE P (One Entry) ¥ #-% % %
¥ e, ..,e; FHEA K ¥R R (Linear Transformation) R4 — RS i jgE @
qERS - i AEBHBRZEREFTF » B T EF » B THEY O
Gumbel Softmax 2 i &1 & & v/ f# k-2t B © 38 ROV NP > (T Y 4
B3l @ Transformer Mg e 52 g ~ 8170 B R 0 L2 R Y 0 ERE T D
PR EL2 B £ % hY BV R A B T P o 500 p B4E 2 Slkd -
BEF VA S Ly fo- B 5 R A Sl Ly 2

L=Ly+aly

B oo 5 GBMR A Sl I E VA S 0 BB RRED o
MEE R ERCE Y o AT E A KL BEMBEELAT JEQ P BN

ECEAER AT 0 EP R qr P K BFEHRA TP REF TR L L
EBLTFR AT R p R - ¥ F Y 3L SlicdeT™

exp(sim(cr, qr)/k)
Yg~q.exp(sim(cr, @) /k)

L, = —log

SHBITA SHAF E R AR B AR TR > B S > TR R
% i 7% ~(Code Book) G ¥ ¢hV 5 B » I - #355 * B A~ py B
v & BT yasoftmax A | e o 5 HRMAF 2 SilicheT

Pt

A=
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1 1
Lqg = Ezgzl - H(Bg) = Wzgnﬂ:@g,v log Do

AEBHAY S BB B AV RES Y AT R SR R
ARt Al R B ERA S A BRI S AT o A SRR U A T R

ASEIER S mﬂ%ﬁ—s(q_ o “E#fﬁzrﬂ%a ES G i)é“ S :*%'rﬁﬁ‘ e EE‘E ??5?‘1

P o g ] Wav2Vec204m§£*§r 7;1“‘ [E- P ﬁ#,é—€ 1L F% 2 %Tr ¥t
WE AR A AR A AR TR IR YR Y BRI E A .

3.2.3 HuBert

HuBert ¥ - #& & ** BERT [22] rng EREY AR SRS v AT T AT
oY R R B feihE BEN it ia‘iﬁ& P Wav2Ve(:204k\F 2 2
(e me B RE S dapiritenive > B T B frame ¥ =oiF 3 dp X =
[x1, o, xp] 0 K BEA] A 53 4R B 3] 0'E K H - (Hidden Units) 2 h(X) =Z =
(24, zr] > B¢ z,€[C] §- B C-class m&‘ﬁ“ﬂ'%z c@ h RIE - B 2EE e
FAHA] > »4e k-means o @ 1_1%3 AR EOTR A 0 J A fdefr R AR AL o (T
#* frWavZVec Bivens o F AAEER p% PR BT LB 4N aR )
RUSHKEBRA| o | Boteps ITABFELE NFHBeom domt B4 NP 41
BAMC[T]: 7 REY %> X £ 7B &g X g R f g~ 0
A Y B R W4 3%k L, (Cross-entropy Loss) 5 -

Lm(f;X'MIZ) = ZtEMlog pf(ZtI X' t)

AR RN T L TR 2R B R A A Sdic Ly e B A S
FIESN G RA_tEM o BB adp A Sl s

L=al,+(1—-a)l,

A2 ¢ * 3 e k-means %“:b‘g#”&én’éfrk BEEAR o H LS g <3 A o H
*t Hubert $53] &k 34r% 7 E ik dg - B k-means B3| Rl H £ AT & § s 2 D F
i B A el zéﬁ %ﬁ-ﬂﬁ-”“]mg] e EALF S g’*ﬁ*/ R g{,g;ﬂk“ T OBER
= (Cluster Ensembles)" F ot B B fdiceh k-means A ki FE Y > B
izpaamr 20 L5 kB EERA L 2555 B Ly ¥ AT E L
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L (£:X,{209},, M) = SreuSilog 0 (2 | %, 1)

ﬁWﬁﬁ%&&i?Xﬁi"éLﬁﬁ%l@“&ﬁﬁ*74’ﬁﬂﬁiﬁmy
-%*@&ifﬂm?%ﬁz.éﬁi %ﬁﬁﬁﬂxﬂﬁp%”‘WW%uzT* PR
PR LA R A EATE VAL T AT AL B R ERA] 0 FF R G 03
SR o g 5L ’Hubert“’ ™ fe‘ AR EEE S AR A0
EY R >E 50 RAIFER A7 0 0 L4 30zl e

33 6

Ao eiplt p ZOR et E R Y RCA Y 3R 3 S L andigies o 2
FOOLAE R NIE VR eniE A3 o B R R FK% S A 1 ERranE g ik
#g;%f ¥ ‘{;g gk ot [18-21] - A3 E q/"f‘—"‘"“' - Sl PER R 7T e
AJFOR AR A Sy MR R Y ehs g iy b R P el ) picking 103
- Wi o AfRiieny RHIFTEY » BAA P R 7 chddiicd T m?ﬁ”" A
e PP L AR DS RTAL DRT YR ROET AT Bl i)
Hed 3 T Bk picking Eir R R R RIERIEREF & B ﬂ‘% e LY
SAE R 2 Ao N HAE * H P AR BUE FR a0 2 sig G ehpicking & BB TEIRIHC
3 e

EQTransformer ¥ — B # picking 7+ ¢ P18 SOTA = evF R & ¥ #7] - &
Bl - kAl BB EE A BIESE RRM p s hA Ba L RT
DA F g SdE B - A TIE B A o AL RS AR (ResNet) o v
Transformer A& = o 4w 0250 % Wav2Vec2.0 ¥ # Flehifiiiz i > #-H 2%
i EQTransformer v ﬁvﬁi%] » Sk oo B AR KGR HT i&ﬁﬁl »engs RO AR 0 SiE
SAA A LSRR SR R i gy~ Transformer @ g 7§ o 52 5
PRME R AR S A A F ol 1 4 T 2 Transformer
mﬁﬁl METREHEY O JR 2 B EY Rdek R T o T
fiﬁF""' RITFE= (8 APy %ﬁd A ﬁgpgg - I ;;_,_W—‘m ﬁﬁ:wlf_ * T PE
E BIEFE > Blde Pk fo S A e pFRFIER > BRIERIEE o FF U0 2 H
%;‘ - it ey RAEYIRECA T R 2 3 %1‘%@— FORE R R TR T e
Al%ﬁwﬁmﬁﬁﬁk4$% R SEMAET I LS RIERIEAL o E T
{ Bk R e

3

34 REBAREES

P A e g R HIFVRICAR T T A B EFE R T &R TS
Wav2vec2.0 H -3 3% 37 el * 2 2 sy gRAR $ R S o AP E

Wav2vec2.0 753 AP g sk v 3% e o ?E?"ﬁﬁiﬁ?ﬂﬂﬁﬁ DIGARL 3 B
g 3
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(i

- HRBEIEVR G ALBER APHBETEAEYR o5 A H K
FHY B Y IR G A A4 ek

- fRAE B 1 AR T E g o A 1]’““’” il €90 H BTV R
ﬁ%—% gﬁ;ﬂl mr‘}’i/{yf;" K:iuv » FL Ifaﬁ‘fﬁep{% ER : f'r,fihp%‘,_,’?, VT ‘F’ “Eﬁ%é ETRES S
e »?*"J& Foo

TR I RUR ARG B AP A R AT Y B S My ke 0 i
MR IR B Y o > R E R R { F e R RO RAPTER

TR P & AR EE ] BRI e AT L kR %

;"ﬁmﬁnl%ﬁ <1 :,\.rg \—"’Fﬁm%‘-“-ﬂ;a?fiﬁ {f’r ﬁrk\@p‘ﬁgzﬂif{ﬁ‘ﬁ—g"fi
FEEMD O DRFHEORAETT xSRI T IR G R
Y 0 AP E S F SO -

34

BRI B PR B AP iR 3% 01 CWASN e TSMIP s i@ B L35 18 5 9 R Bicdg o
R 0 S e BB TR T D IR e i FE R Y gk AU B
Bt 2 E LR PIORN L BT B G 60 B SE L
Bt iE AT o A RO B 60 fyinp N o RS - LR
%’J Ao pA R kP o AU fadi”/‘-’”p &R 'Izz‘ﬁlﬁ F ¥R Al fRen
FEREE T oL picking Eirrkat (FAGFE AEIER T AT K T 5 B Ot
e R AL B oo ¥ picking ik enfErg & sxa o A PiEHE @ * precision, recall,
¢ Fl-score i% & §i7® 4p 1k < iwd g %41 * True-Positive (£ & &]) - False-Positive
(B &) ~ True-Negative ( E ¢ &]) ~ ¥7 False-Negative (B f &) “#k® » 3+ %
WA IR p AR c EROHE > N SREA 3104 320

‘T.

% 3.L:TP,FP, TN, FN 2z %+ » H ¢ 3|35 | & 2 “predicted” % -+ » S5 4 1 &1

e B 12 “ground-truth” # 7 o

TP predicted J 7 ground-truth =# {& 50 & samples # [ p
FP predicted j% % ground-truth =@ 50 samples 4 ] *}
TN Predicted /2 7 f§# > ¥ ground-truth 7= ;2 j 3
FN Predicted /2 7 % - i ground-truth 5 ff %

# 3.2: Recall, precision, F1-score 3+ & = ;12 %2 H g & o

TP BATF P 7 pakehid e o A S

Recall TP + FN picking 7o it Fx pF fF Bhernt i)
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isi TP A4 opicking ehE 2 ¢ >
Precision - ’ ‘ Co
TP+ FP picking t it /P B BE et B

Precision X Recall ,
F1-score 2 X 2 & recall & precision 7 & & #k

Precision + Recall

A Wav2vec2.0 shd-defie B A A#H D A NIRRT - BREATREARES
e ¥ - B AR AR A I A - &_?F”" R = SR AT
LR m#wm ST 0 LR e fRA8 F b Picking ik hF o SR 2
WARR T L AN PA R SRS B o i i Picking s R KA HiTE e BAT &
FEVRBCA T A B RSEEELA 33

£33 RASK A THERRFFAI0R &7 AT BRI R

Method Precision Recall F1-score
Downsample 0.5560 0.9413 0.6991
w/o Downsample 0.6668 0.8396 0.7433

954 33 P SRS % o APREZIHEA & Picking EFit e SR G H e
FEEA AP I B RAAGEEIEVROERE 3 ARy S A RT % e
55‘”55?" A F LR R ] E:E%B?‘m% e e s e RATR Y B

B AR R EPRCR] TR H i Sofico AP T A B3 R Picking BA] hAf L HE
il'l » 9 EQTransformer (EQT) 4= ViT Picking (ViT) [23] sr# itk B8 » 11 & P Y
B |FERIHCA] ¢ eAE 03] One Fits All (OFA) [24] chir i B~ B o 28 19 53 0
Wav2vec2.0 i iede BB > T {93535 BHERPBHHMBEF T EIR - &
fREg Bendne o A pdx* 0 >k (Linear) ~ ¥4 & (CNN) 2 P\?E% 3
F R 1L R B A o d IR A L A R R AR R T
gy jjjﬁf'J AT e *ih%m/ﬁ ﬁﬁ'ﬁ Eﬁé 3 hd B i _E'_;ﬁ_t F%ﬁi’ v AR R
* ?1‘ B9}l 20% fhd TR EL BB A BB P S o B 5
%04 340

234 A FEAPFEUE I R EERELOTRLE R

Encoder Decoder Precision Recall F1-score
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Linear 0.8034 0.9632 0.8761

EQT CNN 0.5522 0.8989 0.6841
CNN + Linear 0.7774 0.8269 0.8014

Linear 0.4650 0.4196 0.4412

ViT CNN 0.4517 0.9574 0.6138
CNN + Linear 0.6857 0.8357 0.7533

Linear 0.4793 0.5138 0.4959

OFA CNN 0.4214 0.6564 0.5133
CNN + Linear 0.6938 0.7640 0.7272

157 S 4 34 % 7 b R B BiofEss Benle £ T > EQTransformer
(EQT) ek BB & 2k hf2 B B> Wi * F TR EEFIRE > PR
TRAEKERY RFETREOFTBREIEFRS  p RO RS RET
TR R fpicking EAR L ¢ S BRI A - T4 0 AP IZHCAE § R A e
/P‘»’W/‘f\?i‘* E;}P‘»Tﬁ"?v/’}ﬁt 4o httEE %Y o EORT AN SRR e SRR A Y T hk

TS TEAR T 7 hopicking i3+ 2 p AR AW A G - TAEE F)M Ak

BEVRADMGE D F LT SR R R L EF R AP H FH N
bR AR ﬁﬁf““l Sl g ottt D0 BRI ] e S
PEICH B BE RN EREFE R & ‘&V%’fi—*?‘/?] ZRITPIE o i Fip
R AP HRRLIE R AT P AR Y I R T R hiE e i
B R R BT - H R AR R e B e
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Fed rETHRNZ SRS RIEERT
41 hi&

AP FE AL BORPBAFERT I TEAM[3] #3117 5 A& 275
3‘%6' ;15?55?}"'“ (leading time ) ﬁ%“’lﬁ’#ﬁﬁﬁ‘i BEAl S 3t e oo e B b
% %“ﬂﬁ’aﬁﬁéﬁﬁ MEPFRE LERL L FBY] DD
To X ® 50 RYRPEPTFREF > AF R0 TR ;Lm— g LR XU
sen T3 fe ,LLJ gt » 5 & (embedding vector) >t B &k K iF 5 i
ARFEFao1 L o

4233 F B2 p en

WRRERAD G AFE A TR TG A3 2012 1 2021 £ ¢ L § &
% 3 2% (CWASN) ¢ ¢ By BRE B PR o B 5 4ok B (Peak
Ground Acceleration) ® - 4r@ 4.1 #77 > N ZHBER R FES LA PR
AMZBBRETG - FART o FERRIGL TS TEFRET TG B 42
ROASEATE B RT BRI R Bl 0 2 &ikﬁﬁiii?”lﬂiﬁm
Bo¥oo st 3 WRBCADIRR SR H TR R Y L R R Py L8
R AR T e e -

PGA Number
700000 | 688287
600000 % .;o‘g_‘
i
fe- e e
500000 oad ' | * o
R L
& 400000 1 A :
: oa
" 300000 | % ) X
e
200000 - -
., -
100000 - s
ol 7704 2457 453 273 210 60
<=8 25 80 140 250 a10 800
PGA (cm/s7™2)
[¥ 4.1] [ 4.2]
PREOBERFHEHA L&A 5075 B R - BERE AFERA
- BAE B AT R o LR E A gﬁlﬂ’gﬁﬂéxﬁmﬁL%'m’“”
W A A T4 (Primary wave) ELTS > SEHCAIE L AT A FREER D
RE e BT g e RS > SR ARDIPERFR e 20 F R
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B ke M’L’r’ﬁ FEREY XD g A TR ERE V- BITZLFE
];gg BB 6 M E R R AL BT R ’}]l&'%ﬂ EE R X
5 7 # sq; ; x;&,‘_h PERR R 2 X TR R e el S| A B R R

ﬂi‘cé °

b BRI GREI €3 A AL R o AR ELY M e s TEAM

?Jﬂ;«”?&’* H_ AR R R frﬁ,ﬂ/mﬁ;r])\ o R PP Pt A

Fiaia) 1;1/?i%)"/'ﬁ)i”ﬂ“fi"'lﬁﬂ@?])‘{” AL S IR T

bRl Mfé"v;z AR R 0 L AR EE mv\“ittg - B -
FoplshE - B AT }%rﬂxmﬁ?l T g EERY DS FERVIRA R
MR o T M ERERE ATy AT A Pk TF L PR D‘_Jfg: | 3R

iR g T A AR plEk - SR L AR Y PIERRFEY RV - 5
FEHA - BRARSO R AARDF LT U R @—mi?'ﬁé? *
B e Sed L gk d o

R

L WA AR R AR g o TR Y - BT B e - AT
BE 4vid BB b R ,@,i g6 7 Wmaeh BANRIHEAR Y 5 5= { Bl iR =k B
(R %%*uﬁgmfﬁa‘?\ & FIF R T A a B LR L R SRR B
REF S A RIE T LR ”'ﬁii% TREF R RN AFHREL BRI FTH
B RRTR R R > £ 0 A TEAM & 2 en% B A B 8 A 4T
Bppprie- HEE o X PHADARFHEFR A F K o

- %

43434 5
4.3.1 Frick B

PR P AR oy i o BRI 2T RS FY ik AR &
EA LT AR G

- e EAA, A Jﬁ 1 ¥ #F A 5 g g (convolutional neural network, CNN )
I JEOE %”/@(3000,3) #3000 5 H &L A o2 kA
feom 3R E = Av\ﬁ A e BiE S MEFREEFY Y = ik A
Moo PEBARFT RN - B RS GHE - BEF R % s
500 ‘e & o

- R CCKEERCFRECFRE ARG EAERIT RS EHE G 490 2
Be g
- AR R AR KBRS bAe £ (one-hot vector) 0 JEIF 2 A

v g

R ﬁ @%ﬁﬁﬁﬂ%mﬁﬁ%1%4loﬂwﬁﬁ Bl 5 25
B PRI RS TR A 240 Blei@ Rl o B 25 B~ RIEET S
[E3 )3 B
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o4l ~ 2P HRRIE2

P=ycid
ENTE ik Bkl Bt
PP Bt~ AR pIEb R

432 P&

BEHGEF L E D 2 ) AF %P 1845 (concatenate) 7 i B 4p 4r i

- R RAR R E LR

- PRGBS R R F RIEEAp iR R E L E Y g IR S (500,)
AR EMe E

- B {8 ;"3-%] Blzb2 A & ‘f‘-"#fﬁirﬁ" TiEFT o &P 4

B AL LGy Rl RGBT R 6 0 AR A A e (transformer) £
SEARA PBHE AR > T LA BHIRAHH

Zrz BREREEL AR F 5 (500,500) HFhcw £ A4 B HE R TR A
5 EE (274,500) chhERE e E s B B

- 1~%? BF ALY PBIIL AR HRK LS B R A Y
%5 (10,274,50) ~ (10, 50,274) 4= (10, 274,50)

- HAWHeE e TEEFRA 0 EE (10, Plxbk, Plebl) LR 4 E
oo paprE A o w At BEAT AT o RlEfoRl b2 /B anRE

SR T i P B - g de e (Softmax ) gefs st » ﬁi%
B2 0P 1B A2 AL BRIFUTART 5 - Bplab kg
- Bp e BHE B RS xS RO B

) ;IZ,_J_TEJQE'“E-ff'I,ﬁ?’ YET’TE\!:'fi’%*&?’ ’ F-‘ (274 500) F’AIB‘/?J
shE L R rf%ﬁ;’j‘wjm”Ty B2 LL 2

*F B4ole TEAM » $30 8250 cng it 5 P 1RRIak ~ 5 ~ Bl2b A% 25 B
hipleb 2 LA B R R A0E > FI AgF - dpddidikld § AW KT R
g & TR g2 Y P ARR —\!:"f‘-"ﬁ%] BlEb ARt > A Y 1y ﬁea] Bl

¢_.
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=g e o

Station A Station B Station Z Target A Target B
42.35°N 41.59°N 42.11°N 42.11°N 42.11°N
= 12.17°E 12.31°E S 11.45°E 11.45°E 11.45°E
Q
E
Nor i ::; Nor ization Normalization g g
S E S
8 " E] : E] g
o2 MM 2w ~Hifi¥i : i
- a Q Q
29 E a ' v e -
8g < I8 3 C Convolutions 3 3
“3

+
+
+

}

PGA Feature

Output Iestimationl combination I

fRARAR
FEEEE
QQaaqaa
fKArAR
EFEEE
Qaaaa

W43 #3%

433 BAIER

@i} AN g 9T (274,500) B e R o A PE B P RR

(249 500) HREwE  ABHFEREARDA (DenseLayer) ELFF AT 0 B
e L = SRRt ST T L e
AFHRRET BB FHR - Tl A z%ﬁ’mfafira»— = (249,5,3) & BRI T 7
TEWFHRPEE KM DR }*21 iR ﬁk%gp ﬁp/?'l"&p“@’i;ﬁiifiﬁ%fi’f
S P A G TE BRI ALTAERET  REF P FERIEH
AR AR % - BRI R P dirww osmg A - ZFERE 3
%= W RIEERIT) p ik 12 25 f/ P Ft e R BEE 7 II%B*F'“%"i?EiE'JTE ’
o Ed R a‘gﬁ—\-éﬁgiﬁ T R %Fapiﬁ;/z&rz\ 42 77 o FEHY 7
EE S I :x.g Pl %u\z B2 F1 &% ‘i SEE TN ERER T TARR o
Al FL =5+ 9% 05 4 TEAM 3] 5 T332 0.2 cugh gR o i o0

I
SENSE #i-3] = ié “ cd A p ok l;‘.zEJﬁv.ﬁ.ﬁllézEJE'J A AR R 2 0 T
XE G g BN AT R -

7 4.2: ifﬁﬁ%fr%ﬁ‘f"‘]“’?ﬂ’ﬁ FHOFEFHFHE I FREFF B*F"*i—"!-i
EM A BRIFE R RS ’?‘%‘ﬁ’?iﬁ,lwﬁﬁzﬁﬁf TRIR 7 "}iﬁ TR
W BB A TEAERATE FEFF AR RPFRFERF O

638



) EHM B 285 X e 242X e 242X e
True Positive | True Negative | False Positive False Negative False Negative

&4 & (label) 7B (#*) F-0:3 & B 3o (#]) 3 E

7gp) & (prediction) 7B () F-0:3 jE 3o (=) F:]

RAGEBFONA > FE SN LFFEILT PGA BRROBERL > &
TEAM fo & § S 3 s RAApiTe & AR 9T 7 2 8 )i § A & SENSE
HoAld o ERERALAHI S T AE e 2 BR LR BE R
Sl @ T LREIT

2 gal @ 8~ 25~ 80~ 140 ~ 250 ~ 440 ~ 800 i*

bt

%430 2RIEVRFEPEL 2RI TEAM+A R ¥ Rlebig a5

= wB | KT | IR HAB | AR | &
.
n 0.996 0.998 0.999 0.999 0.999 0.999 0.999
( Accuracy )
1% &Z. . 0.691 0.603 0.485 0.537 0.589 0.404 0.310
( Precision)
v
0.416 0.495 0.479 0.457 0.412 0.548 0.562
(Recall )
F1-score 0.519 0.544 0.482 0.494 0.485 0.521 0.420
+ 4.4: > pl=b i BksE B PiE alpha 20 Fl score =
Y & T KT | MpIw | KA | AR | &
TEAM 0.363 0.373 0.361 0.362 0.327 0.444 0.372
> Pz TEAM
+ 0.519 0.544 0.482 0.494 0.485 0.521 0.420
Aot iRk dn 1
SENSE - 0.719 0.723 0.729 0.633 0.588 0.689
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# 4.5 2Pl B B P4E alpha 2 $ o Tp B
#73) B T % ] W 4 33 ¥ 5 6
TEAM 10.35 7.67 8.57 7.97 6.94 6.35 7.53
Pzt TEAM
+ 9.99 8.47 8.23 7.59 8.13 7.74 8.70
A& |k dp ¥
SENSE - 5.04 4.58 4.49 4.83 4.25 4.88

1l L:,\:iivbr_,_::.i.»’g 5?]4'1’;}3?' %ﬁi%’"“w

=3 -

R R

mwwmw

ik AR I <
R L

11:{_:1,; é“}b \’r'l‘

|.L

iR ——\‘!:';JHL

}21&7» 15 T B (F 6 zk [

IR B SR R R
& %) ,éﬂr—f@.ﬁ%z}g@,}gpﬁa S g
P E AP R s

AR R B P E o F 2R

CE W TRE - A 7 g AR T
- A F RIS B SRR P A& TR IR A o E

s A AR ) Fl AP E R AR B BA T AT 5T BT
POE R R LA R PGE
FAFH H R

L

'aﬁ$$g@o€%ﬂﬂu%m B RE s g
33 N HET S OIAET

ﬁiﬁﬁ@*&*%éwéﬁm% FRIRERUESF 0 § FRE 5w
Zﬂalﬁ I

e XF R L£HLNEE RS IEERF BT

Bl4.4:=2 &> plzb7 AL Flscore» 2B 2RI=EPEApF BT EE > + B 2P
HPeEp e ORI RE
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Ty LR BLHs 82 e
iy Tru: Pos;t_ive True False False F1 score
Negative Positive Negative
S =b B 5
il Rale 1016 513531 453 1426 0.519
s 5 R B
% B+ L 2% 1 o
v (,P,JVH_E . = El 1200 439683 74301 1242 0.031
s R B

Bl 4.5 v & >l ALY Flscore» = Bl > Rl=bd e eS8 FEE - + Bl 2R
SPE R PPERE

247 w2 R i

A BB M B BIE F1 score
True Positive True False False
Negative Positive Negative
B #E Pl iR =
e i 390 515383 256 397 0.544
s 5 R e
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&Rl f
PR

Bl 4.6: #p 7 33 > P|xE¥ AR Flscore’ =B >

424

515137

B EEPEIE B

R R PEE

gl S

363

0.495

AR e S R E > RS

B EBME B 1A BB [z42%E F1 score
True Positive True False False
Negative Positive Negative
DRIEEPE R
P 117 516058 124 127 0.482
r' /?J #L B
ol 7 @ & 125 515981 201 119 0.439
il R ¥ B A e Be F1 score
True Positive True False False
Negative Positive Negative
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RIHEPE I

s B 65 516228 56 7 0.494

[

& ORI EPE p

SR E

65 516152 132 7 0.383

B 4.7 #57 5% 2R =7 4RI Flscorer =R 2P EHFABFIREE LB 2
RIFEPCER 2 IR E
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B 4.8: #g > 33 2RV AR T F1 score »

B EhPeE B

BIEEPGEARR OB TIEE O LB L

S
3R

% 4.10: 5= LR
Bl EB ERM B B F1 score
True Positive True False False
Negative Positive Negative

TREEPGEEAR R

. 33 516323 23 47 0.485
LRIEEPE P 2

. 34 516294 52 46 0.410

B 4.9: 5= 5 2Pz F AR Flscore» Z B 2RIz PEApFaBIERE > B2
2 ¢h

R =R PIE P WIRE
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£ A0 R RA B

iy B B A 42 X e Bra F1 score
True Positive True False False
Negative Positive Negative

HPEEAR R

mﬁ& S 17 516370 25 14 0.521
% 2 N L By =
g Bl PeE p e

il B 16 516360 35 15 0.390

B 4.10: #F- 2 2Pz 7 4R 1 Flscore Z B 2BIzPEAAF AP FEE > + B
LplEbPER e P SFREE
# 412 #F- B2 R gk

i N ¥ BAM B Be 4 F1 score

True Positive True False False
Negative Positive Negative
DRIHEPE R
rlls B B 9 516390 20 7 0.420
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LR ERPE R C
PR

516381 29

0.333

434 %

PR
1B Z_

E}}—?"E}F} 1? » 1B f—’p?—ﬁ F—ﬂ/ﬁiﬂ‘

ERNUEY Lt SN
= 0f R B R

EPET

% 4.14 3 % 418 ¥ &
gL E @

w2 TEAM #-3]

b % g ‘/‘E'Ji'é"i
PAR e B RAPE G BRI
BAFIF2L P 2 d B IR Pk § F BLS RIF 2RI B
ST REEE
ERCULE RIS

L JRREE R

%?*ﬁ*%#ﬁ$\n££"&TEANISENSEﬁi'

/ﬁ» 19‘—’1"

TEAM éiid 5 4F - F] 4.4

q—\

BT e s B L6 B4
e &%}i HplsE 0 % F BE G
g - BR
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Abstract

The primary objective of earthquake early warning systems is to issue precise alerts
in advance, providing regions near the epicenter with sufficient time to implement
precautionary measures and thereby mitigate the potential casualties and economic losses
caused by strong seismic waves. Currently, On-site earthquake early warning systems
relies on the P arrival, followed by it to predict Peak Ground Acceleration (PGA).
Subsequently, based on this information, alerts are issued for individual stations.

Previous research had preliminarily developed a CNN model for predicting PGA.
This technique utilizes raw acceleration data within two seconds after P arrival, undergoes
multi-scale and multi-domain processing, inputting to the CNN model. The model is
trained and validated using seismic data from TSMIP, demonstrating favorable
performance in offline verifications across various seismic events. This study aims to
practically integrate the CNN model into the Earthworm system in Central Weather
Administration, incorporating a Twin mechanism as the reporting criterion to ensure swift
and accurate warnings during real-time operation. The CNN model has been successfully
integrated into the Earthworm system in the current study, utilizing equipment provided
by the Central Weather Administration for online computation. Throughout this process,
improvements have been made to address program issues, enhancing the real-time
performance and accuracy of the system. The forthcoming discussion will present recent
online prediction results for earthquake events as part of the research findings.

The current models for picking P arrival and predicting Peak Ground
Acceleration (PGA) operate independently. The second objective of this report is to
develop a model that can simultaneously handle both tasks and is designed for real-time
system operation. The study builds on the real-time seismic phase picking model structure
developed by Liao et al. [1], to create a model that can pick seismic phases and predict
PGA for single station. It investigates the effectiveness of using the three-axis acceleration
time history through standard scores (Z-scores) combined with different input scales of
ground acceleration duration. The combinations considered include three-axis
acceleration time history without standard scoring or normalization, Z-score, Z-score &
various thresholds of acceleration (0.8gal to 800gal), and Z-score & three-axis
acceleration time history. Evaluation of model performance involves four methods: (1)
Observing the accuracy, recall, and F1-score of P-wave arrival times within 1, 2, and 3
seconds after the Ground Truth, assessing the accuracy, recall, and F1-score of seismic
signal identification, and predicting the accuracy, recall, and F1-score of PGA exceeding
25gal. The selected criteria for comparison include Z-score&0.8gal, Z-score&2.5gal, and
Z-score&25gal. (2) Assessing the false alarm rate for each input in detecting small
earthquakes. (3) Evaluating the missed detection rate for large earthquakes in each input.
(4) Assessing the reporting situation of each input after the Ground Truth for each second.
Based on the results of (2) to (4), the model input Z-score&25gal demonstrated superior
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performance compared to the other two input methods. Comparisons were made with the
RED-PAN[1] and the model proposed by Bojun[2], utilizing binary confusion matrices
for marking wave phases and predicting PGA exceeding 25gal. The results validated that
the proposed Z-score&25gal input method can effectively mark seismic wave phases and
perform single-station strong earthquake early warning. Its accuracy, recall, and other
metrics show negligible differences compared to the individual models mentioned earlier.
Therefore, Z-score&25gal was ultimately chosen as the input for the model.

Keywords: Convolutional Neural Network ~ Multi-Task ~ U-Net~Single Station ~
Phase picking ~ earthquake early warning
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