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Abstract

To address the significant challenges posed by the rapid increase in dense seismic
networks and seismic data, this study focuses on applying deep learning techniques to
enhance the automation and efficiency of seismic data processing, particularly advancing
microseismic monitoring developments (0.8M+) . Since 2018, the Structural Seismol-
ogy Lab (SGYLAB ) at National Taiwan University has developed the SeisBlue system,
which has been successfully applied in multiple cases since 2020 to achieve regional near-
real-time earthquake localization.

This research is dedicated to developing a more refined third-generation system, with
an emphasis on system expansion, enhancement, and integration. A key development is
a CNN-based module (SeisPolor) , designed for classifying P-wave polarity in con-
tinuous seismic data, subsequently utilizing the FPFIT method to automatically analyze
earthquake focal mechanisms. The enhancement efforts include redesign the phase pick-
ing model in PyTorch to improve system flexibility and increase the efficiency of model
adjustments and experimental development.

The results demonstrate that the model for automatic identification of P-wave polarity
performs excellently, with a precision of 97%. By converting the predicted polarities into
focal mechanisms and considering coverage thresholds based on station azimuth and dis-
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tance, the Kagan test method is employed to evaluate the similarity between the predicted

and actual focal mechanisms. This method uses a minimum rotation angle of less than

40 degrees as the criterion for a correct prediction, showing that nearly 80% of the focal

mechanisms are accurate. Moreover, the redesigned and retrained picking model solved

the issue of early picking and showed an 8% increase in precision for both P-wave and S-

wave. Furthermore, the study redesigned the overall system automation workflow around

a data pipeline, extensively drawing on advanced information engineering technologies.

The integration encompasses hardware, system environment, databases, data pipelines,

model development, task monitoring, data visualization, and Web UI interaction.

Building on the existing foundation, this study achieves system expansion, enhance-

ment, and integration. A semi-automated workflow from continuous seismic data pro-

cessing to picking, localization, magnitude estimation, and focal mechanism analysis has

been realized. Through experiments and adjustments, the picking model’s accuracy has

been significantly improved. Leveraging software technology advantages, the system not

only speeds up data processing but also emphasizes a pipeline design in its reconstruction,

providing potential for rapid development and continual performance enhancement. For

Taiwan, a region prone to seismic activity, this system can significantly enhance the speed

and quality of earthquake monitoring, capturing a substantial amount of small earthquake

v doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

data. It will assist in the evaluation of active structures through a high spatio-temporal

resolution earthquake catalog.

Keywords: Seismicity Monitoring, Deep Learning, SeisBlue, SeisPolar, Focal Mecha-

nism
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1.2 @/I;Je?}éﬁ

1.2.1 B* FRE Y chp 0t 4p 3 pF R

B BTN R P F LavFER E Y #74) EQTransformer (Mousavi et al.,
2020) - Bt 2R Al e Ap FIRE W RIECA] WA OB B - BHRB = B
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YHAIg EE A Echp B pDI R (R ©4% >2020) 22020 #d 773 4
REREI AR AL TRAZ A Ehp d R Ap TR (R HE 0 2022)
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S FoREEE O FRY - & SeisBlue ¥ ZELRT 5 (Huangetal, 2023) (B 1.9) -
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SBRIERT o RIEE FABEBEINFARSYUTELERREF TR R
g~ DA S 2% (FormosaArray) £ % o % - e p o Bt A% B X
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ERERBEORITASEY FABAR 2 5 - BRI P AR E
(Reid, 1910) > f§ 8 ¢rip 4 3 »c > 2 2.7 &8 Ky eniplabfic® > £ 3 7 245 hip 2k
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B H AR bl a s BE R o B F Land_ % 1981 & Dziewonski B Ff
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Y1E BT E K CMT B 230 A0 F 23k ehp RRlsbesnE ¥ 2T
(Ekstrometal.,2012) » &€ <« EE 2807 25 o758 % o Rdot worit »
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AT P R ) R R ORR 2 R T o
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Method for 4M- EQ: Method for 4M+ EQ:
P-wave first motion Full Waveforms

17 Waveforms
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(Transformer)
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Ft 0 TERFREY AP REAFEP A E R A MR TS
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peih s ARG A RaEM A SRR = AN F1Y B IR TR
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2018 s B 2022 5 ¢ B RELR
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DI 70 14 (5 CSN +9 BATS)
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Eﬁfwmﬁﬁilﬁi 581 871
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B 2.4: 2018 f=iEs &

100

N
o

N
o

0
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-1 0

8 9 10
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24 FHRLE AL
PORRARB AL & F T S B

LA TR RPN FERAEp thz 2 3 R T

2. 4k LI5S AP AR

3. @ % 1-45Hz 22 % 4p (= cid i Rk B

4. FORE AT Fert bR [0,1] ew B

5. €44 1 100 Hz

6. F R E KRG 2564 0 £ HLPAIIFFL 1564

7. MR PAAFRHELAFEHF > FBELE A F 2, Tw o

Pt AR T HEPRT A O A2 % (augmentation technique ) o 3 e b T fudd {4

gk Ay 0 TIRAFR L -1 TA W RS S TR R 0 gt e B TR

ek

N

P ook BLAES BATR] 2 B ehT gE s et A RO A IR

25 &

HPRIERFEY 2 AAf AL (1 [ Th, o lavy
BOZ 12RFaFETiimPitsd s bict 180 ’_g,gj gﬁ',_;a.é (1,0,

0) "T# % (0,1,0) @ 3gRHE#K ¥ i £ (0.05,0.15,0.8) » P~

NS
i
/\-
[
(w

w5 HAERl iR AR S] 0 TIERIG TR T R i .

1%’14??' A # % (Uchide,2020) #-25E BRK T 5 256 ) > § 7% 0 & 7 RH» 2> &L
SR e SRk 2 o 2 e R BRI B oni

~

[}
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26 AR

AT ANERAN GRREERELSGE A HEE > 25 EB FL &
A TR ALBOFT A A RAE L o HA1K % Uchide (2020) > #AIpne 3

R AR - BT K 2R RGEEH- ChaS o s

i'i’J‘r_ri'%J ‘f‘-" FX?%J%':%&J A\F" ] #\g—f 'F‘Lr-rﬁ%‘]n—l (%]25) (Fl"rﬂ i ’ELK'T

BA2.1)-

1x256 (Z-component, 2.56s)

Conv1d (256), BatchNorm1d
v

Conv1ld (128), BatchNorm1d
\4

Convld (64), BatchNorm1d
v

CNN Conv1ld (32), BatchNorm1d

(convolutional neural network) v
Flatten (128)

3x1 (Positive, Negative, Undecidable)
e.g. (0.8,0.1,0.1)

@25é”%ﬁ#*$;1Pﬁ#%ﬁﬂﬁﬁﬁ RS RN S
DB 2 AT 0 Bk B IE S RIS -

2.7 A R ARk

P
=Y

F.

VIR TR AV IEH P (AU S AR REE T
SVRE Y P G R e Sl Aol AR PR PR RV FR (£22)0

B R s RO hil AR ¢ ,;;z_g*g]%gllnfrﬁ—%s_ AT RIS Ffodp 2 B o

[E N
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o

F i HOA 0F Y R DA e B AT Bk DI A AR
Bl e AR BRI AR~ RO 2 QS e 5 T B R NS
prenfEd] o b T A B AR T A BT R o gt b o X S KT R ie s AR
PEMaEEd o FEFENSF A T R R RSN T E g E R

o widd 0 F

) ]

e ’*E"L?' ﬂ:iﬁi@%‘"g@ Al ;}%E@ 'T‘E"‘J“l U ;#E}@\z% (vl"ﬂ tf

LrterA4L)

% 2.2: P A d AR A SRR AT 2B T

A2 S ®LE
HeRl g~ A8k | [16,1,256) (¢ - LB AR FEEAR)
BeAlE Ak | [16,1,3] (38 L2 AR 0 = B
4 Sk 2R F4F 4 BCE
PR AL 16
¥ N = #ie 20
i SGD
By XARE CyclicLR
89 le-5 % le2 (= &2 m %)

2.8 P ikA iR 347 R IRE$] 2—FPFIT

FrAr i mRE Y Fas P i f el B Al R RBHIEER
§ iRy R T A AT AE Py S AR 90% TR TR L R R
WHlfRenfEdr (G PHERRPRBEESLEFAE) -

BT P kA d e i BRI R0 2 ¢ > FPFIT = 24 B i@ * > hje
4 Reasenberg §- Oppenheimer *+ 1985 & B 3 » 323 2 3 ¥ & [P LR B0 H 2 >

IV ARl kA F b 5] (STDR) & E #3246 ~ % % (Havskov et al., 2020;
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Reasenberg and Oppenheimer, 1986 ) ° FPFIT fv HASH #8 i * *t j247 P jd 4~ #f& it
R BFIfE o FPFIT chiF d a2 H g RS 3 248 F 0 A & ¥ %R0 o0

£ #p 43t HASH = % > FPFIT e0 P 4= 8 chdf £ 3 3 B R 4 f2 35 cn e 82 48
Fol oo Ay Sk EE s " HASH 2@ % Pt ~ 12 P{r Sk
Rt it RA-T R G 2 i & AT Y B M S ool (Hardebeck
and Shearer, 2003 ) o Fl/t ¥ % &+ R A8 7 E* FPFIT k247 P L4~ &
it s R 0 » & & HASH = 2 % iRl =k e g $Uffran iRl s

FPFIT ct B ifAe™ L & &2 5 > B & T~ LRFLod - AR RRES

W

FALNELCRFRG 2 BLE SN T (AR REN DR R

ﬁ;:] IE R R TR B % 5 SBACARRE 3 FE T 0 T ML BT R

L B F4 TSP BRTN S PIREFRL D 2E v 26t d PR B R

A
2. TLERFEL S
S|Pt = ot wit

ihj

Zk w;"
Po # L BIenP i iaM Pt E R REFHEHE > ¥ 7 L S8y R
BEfol Rt ZEE @ FLiTE A 9 (nodal planes) eBLp|BEHE & "F i< 0

fOR Bl R B R A R

4

3. AP RAEFE R 20 RNBERTIE FE G B FL S EEDZ B
Sl BHLE-HRY SROPERTFIEEFA 0oL 12 10 REFF

Fhk o MHmiEF L E G bl FA SOz B REELUTA G fF o

—\

4. = A%k

9
e
.3;
N
&
(‘f}
T+

\

PHRE BREDE P E R A FHfT L

SHhRB R TiafEar malt iR o - ¥R RLAN
HALSHO% 5 AP 4 L BB FRPRE § LS
HeAZE 90% 150 F B er U] o PR L Sl 90% Gou R B eniE 37 A 9
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BRI T A B BB R A koo e 3

(w,

FEMAR] o R R T R o
5.8 F B R nETE 6 iR Rlcfolp B2 L D B A BT &
Z B REEE BN A AR E - R R o P T

E%gg’gg; B 2B ? Fr T o) 3 15@?%3%3;)?’ o

E#a 3 0 A3 KL 7 SEISAN #c48 ¢ 0 FPFIT Fortran 4% ;¢ (Havskov
etal.,2020) > & Python T8 ¥ H£ B & £ 7|73 17 > @ FAGRMEIRR] ~ B2 1T
BB HIE4 - GMT R~ A =3 & % F N RRBHETAE (A7
R h#i4 42T 4 Python foke TR ¢ [ 8 (- 7

goek s %g;‘ajf@ﬁ_ﬁﬁ%] D e RS G s PR E o TR S MO 00% s
PAEps > #g s T2 vapd ) oge] (BePET RERBEFLEFAE)

B AR BT FEMER TR § 2 G F RRE RO o

29 RHHE—AUTOMAG

WA s iy 0 AT P B EH KL Seisan #48 ¢ 0 AUTOMAG #
fo kp# vt B A (Havskovetal, 2020) » H Prig i R3] > SRR * L3
ARG E B REREI IR PRIrSH AL ARk ARG A
** Brune £ 3# {7 3[4 £ 4F & (Corner Frequency ) > d 4rtf ~ #& & 47 F &7 /1 FaF{den
FEGE A A R R g RE (MO) - HhE e RERE (Mw)» #&H

B RSRBACRRIFER B S EERE TR 20 ST o
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210 % - PREBIR—IREA TR

AF§LP%ﬁ§ﬁﬁ%iibﬁ’ﬁﬂﬁw

HAE T T 7d o T2 vy o W 23R 5 5 - 559 40 FEipip

AR EEE RS CASE RS R R FUES RV IR
T PR LR T T SRR LRI B TR B TR L

"EER ) 2fEE NT A AP HREFE Ly I ARt E a3 (

A
:

S AL L SA42)

* Positive Precision: %

* Negative Precision: %

. - . __PP{PN

Positive Recall: (PP+PN+PX)
. : . __NP{NN
Negative Recall: (NPENNTNX)
Confusion Matrix
- 2
£ 5
£5| PP | PN | PX
= o
©
=
e 2
LD -
S &l NP | NN | NX
©c =2
g
g| XP | XN XX
E
Positive Negative Undecidable

Prediction

B 2.6: = ~ & HEeR A B
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211 ¥ = R RIB—RAEBHEL B ®i

C AR fRMGd T PHEGE R RRBFIRE BT R - FRITR -
FRHHCAFE RS A 1 4R d fiett > B4R * FPFIT 2 2 3 RRis 41210 - 538
Kagan |z k- 8 B2 RS 2By o 0304 AF7 7 EH K & SeismoTectonic
Regime Earthquake Calculator (STREC) #f Ja4% 5 #5 (USGS, 2022) *+ & Kagan
2% cKagan 4 R E A BRABFIEZ Fad | iR Y R iR A4

SR RRPHIRD AR R 2pRRE R ERL 0R ) 23 R 120
oo g Bl mig e RPN A0 R 0 GREIRRIZ RRBFIEE A L fEp i R E TP
ﬁ,wﬁMﬁﬁoéﬂﬁ%ﬁﬂﬁﬁﬁﬁﬁ%%ﬁag%%ﬂﬂﬁﬁﬁ’%7ﬁ
% & 7 géﬁ“,’fi L S8 B Aamatas B (% 2.8% ) Kagan B3 ¢ i#&%
Blrbe BERL R T BRGE- P

T RRBFIEOnEL KR @ R it ok ® > Beplake BA

PO e B e AF BRI F DT IRF R 0 oA Rl RARRIAL
d B Bl TR TR o 20 AT P SRR EEG ki
it AT R R OR BB RS o AR BRSSP K TR B R

P R RALSE RIS Rl aS LR R R
e I TR R 4 o

3 #U,% Flplskd BAX A E RGP LRREF D AFETRY 2L
BAckEds BRSA BFE (B 27)e - 4a 2 0 L EFRLITDORRBFE > B
Hent md @ BERES Y200 R HEERES BR R RARDHEI R
Girstdt > HRERBEFF 408 (F28) AP 7B =hikr (GAP
of azimuth) v > & 4 % # (GAP of incidence angle ) = i 3p kipitizet e B R o
Gk sk FORRE R RS ok 2 AL E o m ~ B AR ERE A o] »
it d 2 L e
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GAP of
azimuth

incidence angle

Bl 2.7 3% BRisdfzhe RAMF @ % plabe FRGS =44 (GAP of
azimuth) ¥ » &+ & % ¥ (GAP of incidence angle ) & i S8 i® 5 R|=h ¢ § A P IE

2023 PL

Gap in azimuth Gap in angle of incidence
(thres_azi=200) (thres_ain=40)

>7

; | 0.020
—— density

——~ threshold

—— density
| === threshold

1
1
i
: 20 1 F0.015
: >
g £
i 15 L 0.010 @
: [
1 10 A a
F 0.005
5 B
0l 0.000
20 40 60 80 100
Lof oo i ] 101 ooF —
1
0] — COF i 08| —— CDF
|
061 i 0.6 /
1
|
0.4 : / 0.4 4
|
v — " %
_.-’-/i/ \/
0.0 —’6:—/:'—/ \ 0o \W/\_’_
100 150 200 250 300 20 40 60 80 100
Gap in az Gap in ain

B 2.8 BiRhisdlfaenplztbe BRPES 7 2B~ %> =44 v (GAP azi) +
Bl 2 pEdr 544 B F (GAP_ain) e > & hah v A% ) » W2 ~ 5t d | FARR
AP R EZF Y OREFRAERL KA RRBFIFOR LML T AERF 0
LR o Bl RN AR T E PR o 38 % A Sl (PDF) v
AAx 4w e (CDF) iR - > 7 i- Hiaes @ % FER & PR -
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diﬂ?ir’&ﬁﬁ%ﬁ#ﬁﬁﬁﬁ%%w,aﬁw&éﬁiﬁﬁ%gﬁm’%n

PEE RS EAERI I Y > HEERPE RS HEAE LR & PR
TERBIRY RRIEORET A% 50 N ARHRBRRERETS Fhse §
RPEE #FFEERARMAKBLET R e FRMET DREES - 5 oa%% 0 ¢ §

NS

B H & eniplsk oo A { BEITY RRHERME T AR S BRI EERS > 4 R
B Rms a2 e (B 29)-

B RPHRE: TR FIEF BRIREEY s RRAPEELRL ) AT LRI
By F A 0 FERARET PAFFEL S T S RIEERARHE

RRPBFI LT 5%

Accurate predictions of focal mechanism
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More Results
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Bl 29 PIRESFFHEFRRAABFIFZ BmF - 2B - %mF > + B &E -

60

ﬁﬁﬁﬁifiﬁ@%"ﬁ*m’Fﬁ%FTwF‘ﬁ%%ﬁﬁﬁﬁﬁﬁmT
Lo BRRBP - F 2w Lo PHEXE AR iﬁ%7W$é%§

m%ﬁiP’Kmi%iﬁmﬁﬁ&ﬁrﬁﬁﬁﬁaﬁ@%ﬂﬂﬁﬁﬁ°
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% =% 7 5% — —SeisPolar Z R4
ez 5%
FAlgd 49312 £ T s o I 3420 £ TRk E  ERAELE

SHCAL (S o RIEEINA Bl DR R  ERIE TR 0 B R R A 4 B e

BIEFREA LG A2

=

Fifrm A 1 RRA B § A I RRDTH S 7 2018 77
L3R5 2022 4 RARBI R ORIETRE > A 55 3150 Lk Eie
1,648 2 507 R B A TR A I AR ATALRI L 2023 FH G R R D B o
BT QAT o HIR S R R T T AR T
SRIE R AL e T2 el o 113 3455 BRI FIIR S RS S A & 4 1 Rdeh
PARITE SRR R chipls > T JFd AR RGHNT BT R RIRE AR RR
Bl facns ® st P e T Pt R A T2 o

GRLEEE BEel S AR R RIS s BT SIS el S RiR)

B SRR e PG S RS BRI B T R R R TR o

\\\?{r

PR GERRBIEZ B 2B E L 1S B~ 3 A s v o] 3 200
B~ B E B ELA0 R B o 83548 Kagan plzE 0 ] R & R )
40 BT L AFRIE FEAEE o I AT # ¥ 12018 I B 2022 2 b pk
BELPIEPRETHE > 209 T > LA W & AT 95% Lt
BHAEINPR T RFEDNT0% DL wF o R R ER REN OF

B A B2 BRI BT R L BT BN SEEP o
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3.0 2018 iEH B (4 1HE)

3 r 2P RFD2018 ELF R PIRFTHZ 8T By gE F 1
350 B P c 231 BT A FRFHET PR TRl RS LY F o 1Y
2RRFIEERE o FR AL 0.9 2 B A 5T 97% RS o T1%
W T E A G 90% AR Ao T1% 7w K o fR R A F 2R
B R4 B o o Kagan B30 > AT UARRE T A BRlHks BR T
FES 0 93 79% B RS HfEERIE A2 (B 3.1) 0 T AR TR el

% (B 32-37)-

# 3.1: 2018 fwifsy R R T OEAMER 2% (%)

Threshold P Precision N Precision P Recall N Recall FM Accuracy*

0.5 94 84 86 86 65 (32/49)
0.6 95 85 83 84 64 (32/50)
0.7 96 87 79 79 67 (30/45)
0.8 98 88 75 76 70 (31/44)
0.9 97 90 71 71 79 (31/39)
0.95 98 91 65 65 76 (25/33)
Notes:

* Positive Precision: FPiND) Plj-lj\/ 7

+ Positive Recall: (HDIEJ—NPXVM

* Negative Precision: %

+ Negative Recall: %

« * Before calculating the Accuracy of Focal Mechanism (Kagan test ) , the events
were filtered by error < 15°, GAP_azi <200°, GAP_ain > 40°.
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1 3.1 Rl B E 5 PR ROR B IR 2 A
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F o MR GF 9% R R R
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manual="'negative', pred='negative' (confidence=0.98)

I
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B 3.2: 2018 FoiEs R RTER P kA~ BRI 0] 1
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manual='negative', pred='negative' (confidence=1.00)
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B 3.4: 2018 o R RTER P k4~ F R4 6 3
manual="positive', pred='positive' (confidence=1.00)
T
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B 3.5: 2018 =i R RBP4~ F 4 it 4 0] 4
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manual="'neqgative', pred="undecidable'(raw: positive) (confidence=0.73)

I
0.6 41— 2018-02-15T01:40:32.630000.HL.TO&0Q
—— P arrival
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0.2 1 | 1
| L
001 AW W-whpampasi
i) |~ j
If
—'D.'q' .
T T T T T T
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B 3.6: 2018 =i R IR P k4~ BRI HE 6 5

manual='negative', pred='undecidable' (confidence=1.00)

|
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B 3.7: 2018 T=ifs R IR RI P 4~ o fmit 45 5] 6
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3.2 2022 1 pcEERIRE (741 )

AR T RE 20224 R BBIRE PIRETHZ 130 B AFE 2
21648 P o 232K A A RE T o P RETESOFRAS LTS
MR R RO ES o R TP 0.9 2 T E s R 98% it g e
75% 0 w 5 o fRiEBcR A F LR B G R4 B o & Kagan R 0 A3
MERBET A RRe RAET SRRSO 93 75% DR RBFIEER T R (B

3.8) AL F Mg S (B 3.10-3.15)-

% 3.2:2022 % ¢ HcREURI R RIR T ORI 2 (%)

Threshold P Precision N Precision P Recall N Recall FM Accuracy*

0.5 97 96 86 89 79 (30/38)
0.6 97 97 &3 88 76 (28/37)
0.7 98 97 &1 &5 69 (20/29)
0.8 97 97 77 82 63 (17/27)
0.9 98 99 71 77 75 (15/20)
Notes:

« Positive Precision: %

* Positive Recall: %

* Negative Precision: yx 7 py

+ Negative Recall: %

« * Before calculating the Accuracy of Focal Mechanism ( Kagan test) , the events
were filtered by error < 15°, GAP_azi <200°, GAP_ain > 40°.
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Accurate predictions of focal mechanism

0
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i Higher 6uallty °
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= e
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o g 1e+02 o 8- 20 20 20
o o
© ©
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q5 3 le+02 L.C_:' S W0 20 20
= o 8
E E
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o o
o o
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More Results
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W 3.8 BlHRE F"’ﬁ_i«%f@)&»/ﬁt#ﬁﬁf 2. B 5 —2022 » *ﬂtfggﬁiﬁ“ FRET
R

EX
i1

Ao BIIPIEREF LI RR > BRABET I FREREFIHB RS
RFESF R ¢ F o A BERA B G 0 ARARHL 2 R B E A
Bote BBARS - ZWEARBHEERS BT O 69% PR RSBHIRIER LT
FEo + Bl HEERS e BF 2 o

(a) Predict

2022:10-17T13:53:13.7870002 2022-10-17T20:11:09.1770002 2022-10-03T14:41:21 4280002
T T

(b) Manual

2022-10-17T13:53:13.7870002 2022-10-17T20:41:09.177000Z
it

] 3.9: 2022 E?J.}l‘-mﬁu}ﬁ‘lﬁéﬁ:ﬁ ngn (a) A g B (b) + 2 F
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manual="positive', pred="positive' (confidence=0.96)
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manual="'undecidable', pred='undecidable' (confidence=0.97)
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manual="positive', pred="'positive' (confidence=1.00)
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Last Updated 2024-07-20 21:44:36
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Last Updated: 2024-07-20 21:44:36
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manual="undecidable’, pred="positive' (confidence=1.00)
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manual='undecidable', pred='negative' (confidence=0.98)
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manual="undecidable’, pred="positive' (confidence=1.00)
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g ¥
=] d =1
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0.86 —o— PyTorch 0.4 {1 —® PyTorch
0 —8— Tensorflow Keras{Chang, 2022) —8— Tensorflow Keras{Chang, 2022) ogs
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Threshold Threshold
5 _precision 5 recall
100 1 —a~ PyTorch
—o— Tensorflow Keras(Chang, 2022)
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A
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0
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Y 021 - PyTorch
0.801 g 0.1 4 —® Tensorflow Keras{Chang, 2022) oo
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52 fREi74 S i e (GAN) ff 4 B {37

AR R &5 PyTorch £ 3K 3 4p DI P 0 RIHCA] » A £ K3 shiAe? o
IR A T ] 0 2 d o R HAAREHOR o b4 GAN 2 = i
NE A > AT R HRE A A Barru B ARRERDL £5 (A
GAN 2 = $ist e g L i) -

LATH 22 S e (GAN) FHAT k3 # AT T F -

4B 5.3 #4204 2 E (Generator) @ % > {A7F WifA B A w4 H- EFH

v & > H - B %% % (Discriminator ) 7w 4 o —‘F*{ Py T AR R R e
2R BRI EZF A va > BF LB EMRDERL MR ES P FEREHE 2 8

&ﬁ%wfgoV%i$$ﬁ&%ﬁﬁﬁ*éﬁ%?%ﬁ’Ei%ﬁ#ﬁﬁﬁﬁﬁwﬁ:
o#-3 BAE 2 Bol L A7 #r £33 BITL AP e fé - AL F72. 3 BIFL 2 Feh
BEAE - 2P FHREFR BB LATEREIEL ERA B> o d 978
B TRAFRES RE ISR S RN L EELE o @Y - R
P Sdeend ffd o FIPA QA eniTE G R ARS B L B vl

b ZVRFY EFREFLETEF - LI BEFHHILT A BIFL B2
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EiZEREFRF- COERT o AP T ERGFEE S B K TR RN B
45 pwm* EE B L 1,000:1 0 PRI S BAEA Ak AN R
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B A BT K AT T 2 S BT AT LR ORE KPR

rehi R oo

from discrminator

Generate Loss

from data (multiply weight 1000)

from generate

Discrminator Loss

from data

B 5.3: 4 = s it (GAN) 2 ¢ > 4 = Blypn] Boaff4 B340 o
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53 A1 PiAd iR A eni o PR 2 S RE L

Threshold P Precision (%) N Precision (%) P Recall (%) N Recall (%) FM Accuracy (%)*

Aggressive (.5 97 96 86 89 79 (30/38)
0.6 97 97 83 88 76 (28/37)

0.7 98 97 81 85 69 (20/29)

0.8 97 97 77 82 63 (17/27)

Conservative (.9 98 99 71 77 75 (15/20)

) (Dataset: 2022 ETBATS)
Conservative Aggressive
Polarity with High Precision Polarity with High Recall

Bl 5.4 b rr e 7w 5 cjp 4R TR

CATEF R PR o IR F gt pE (RS4) FERY
P ABIERE TR SR hTREE R 2018 TN BB b R EY K

TS PSR 0.9 T o T %A B o g 2018 TEEH B 4 e 2022
BORERIRETS BRI E S PR R BEAP 12018 E WK R
JI* BB RE > F SRR B E > TIT AT 20 Bl @ 2020 £ 54 b pc
RBLRIE R T RE 0 d TR R TR 5 T SRl RARR
IR ERT 0 B P R T 1 A B Rl R B B B

B AR RBSFIRREGR S 0 RIERID R R R HT R

Freng B 34 o0 PHER R T AR R O B R PR RS A R

ey

PR 0 R FI AT R D AR R 5T o 4 G R AR 0T
BB %R P §RIEREE S 5 F oA §RARRBIEPERTRL (W
5.5) 0 St T i AR TR RE 0 E 3 TR R RS 0 XD s P R
RS B POL R i JBTEE T RO S P R R R o & LR
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7
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\
—e— U_precision > 70 U_precision \ )
7 —o— D_precisiol —o— D_precision Ny
—o— i —e— U_recall \\ /
651 —o— D:recall 651 —e— D_recall \(
—8— FM_accuracy . _.._ FM_?ccuracY
60 ] ] ] ; ; '
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Confidence Threshold Confidence Threshold
Distrbution of number of polarities (confidence threshold=0.9)
e manual 30 e manual
predict predict
20 1
25
15 20
g g 15 4
10 A
10 A
5
5
o 0 20 30 40 50 0-

(%) w2022 * e Biplye (+ ) fﬁkﬁ’@

Polaity numbers of event
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B 5.5 2 b ip s PAET cfe BRI M0 &2 RRS 412 # /5 - 2018

v

A I
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T BOFEEL ETRREMEEAE > FIZ AT RRA R RS AR
AL s AAH D P R PIHTRORERR AP LR T oS £
PIRFA AL T R E Rt o T A PR E R AT T R R B e
AEAEE 0 REA AT AR ET IR NER TR TR R R

eI R R ] VR A R TR R R ER &g iE] (B S56) e

Aggressive Conservative

—

(a) classificaion weight [1,1,1] (b) classificaion weight [1,1,2]

Confusion Matrix

(b) classificaion weight [1,1,5]

Confusion Matrix Confusion Matrix

1400
1400
132 198 64 336 1200 67 553
1200 1000
1000 1000 800
] ] T
s 800 s 800 g
P D 61 743 109 o D 66 637 211 g D 32 579 304 600
= 600 = 600 =
400
400 400
X 183 141 369 X 132 74 487 X 62 45 584 200
200 200
N N + N Q + N N +
Predicted label Predicted label Predicted label

B 5.6:Potie BB TR B EFS% o (a) § T A7 yEd T2 BEE 15 (b)
B ()5 AL KU G KA (Mot ER 1 TR A

W FEF A AT R 2R F o PIRRELELRC c AP RET

PR R T RBTREER LR AR PR BES 1B
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54 & ATHEE Y EAE

AT AR BB SR BET RO X RS  EF R R
PIRE I A e 0 AR R 0 T R F Y AR

Bk Ap DIPF W RIBCAID RE ALY SEF DRI R R AP F A F oz AR
#garprE g E (BST) FRFELvy IR -

AT o B PR A B R ECR]  JUEAR Y o N F R R Rk
deo AT BB AV HGH o R K BT B M e TR T FESRNE . TR
L w F o AR  MEFVREYH A AL A IR ROPE S BHF
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AL e 0 AP TP BRI kR MEF VIR R A 0 2w F ol
FAmiE bt A o P70 B PCE S BARAR L o At 2T o d 30 P A BRI
BT RG O fo TR o G A TR T RS SR B A4 R
T2 7 pas ) g nlct o TR F DI RGE D R 4 0 HP A B RIEEA G P o

RS B 0 £ BB p S 8 SRR D SR iR

(B 59)-
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(a) Epoch 1

(b) Epoch 30

1.0 1 1.0 -
manual P manual P
—— Transformer P —— Transformer P
0.5 0.5 1
manual S manual S
—— Transformer S /} —— Transformer S
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(a) Epoch 4

Confusion Matrix
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Q
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(c) Epoch 16

Confusion Matrix
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3
2
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3
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Q
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(b) Epoch 8

Confusion Matrix
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(a)

metrics_per_epoch
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M o
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0.92 -
2 0.90 +
(=]
A
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—8— P_precision
—a— P_recall
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m _
L 857
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707 —e— D_recall
4 6 8 10 12 14 16 18 20
Epoch
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55 447l
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Long-term operation and inheritance

Agile development (readable, adjustable) and
fine records

Efficient team communication

Turning everyone towards the same direction

Bl 62: 22 Gt fiikent 2 o Z TR i REDREL B R TR EAEFFEL
Bk o MBI § o+ AR R4 e AP 05 B B A i

6.1 4oiwdE B ANBEEMNERBE

6.1.1 EH gt —gREs PN ELE R (POP)
3 - BA Y GREREL AP R a5 o i aRHF 2w TR
NV RE LT e F i AR FEAT - B P ARFAE 0 50 5

WAOEH TGRS > BAE T TS AN LR et

v,

B e TSR Y et TR A TR R
E/ﬁ-b{gﬁ;’ y _- 'b{”%\' % é\ : ﬁ_, E‘} H E—ﬁf_E'_f'F;E ) i}ufg\’( fiF,t — fi ) ':"-i‘]-/(& ’}s A ;tzf;—l‘é,fé_
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69 doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

(a)
Object-oriented: Real-world dependency graph
Arrows go in all directions

Multiple circular dependencies @

(b)
Pipeline-oriented: Real-world dependency graph

Same functionality ——
as the 00 example — AWl arrows g left 4o right ©

B 6.3: (a) # i* %% ;% (Object-oriented programming, OOP ) » 33 2 4p BE 7% &% o #F
w4 & &3 (b) F REH ;5 (Pipeline-oriented programming, POP) » 5% 2% 5 it d
&L ik B K3 (Wlaschin, 2014) o 287 7 j& 4 i F = 3¢ (OOP) 84 S E A
$ 558 (POP) > it fR 423048 ek RPHERE > 3 - Fd 2 D PR AL o
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6.2 4rfr b Y R BT A

ENE ’i’ff“f.ffbﬁﬁ" P A YA R EFEF T ARERG AN o BB RS
EERaE- - W e A ST N ,rzﬁﬁ:rgfzégfgﬁffg v 3B ATA R e )»frjg_:i o pLeb s g A5 A
PRTEE A LS RN AR AL R TP TR AR BT LR

gL m”“‘m VISR fRAP R 4L P oo APk ke 3l r BN R AR

’

AR R oA A g -

6.2.1 #2555 A4 —Git

AT R PSR LR RN AR A ]k Git o A R AN A g R
feiR A gl oom 2 R s A EAE s RBFS R A B BB o
peb o Git BT AL FRA N RBEFT LA FELARG OFRT o L
FREBSBHABENBHRI T LER Y Git BFra g res il m ok

Ao fERAE AL R AR A FTRBAESBEFTE L RS (Bl 6da)-

6.2.2 3|4 &+ 4| —MLFlow

5y

AFT L B L MLFlow B R-T o % 39 5B A2 i B 5 70 & 45 Sk

n

o ARNER A pRER 2 F RS K ok & o B MLflow At § ok B
WA AR RO %0 150 A F T S RHCHECA] T S AL s B A ehAg £
Bt L ERCEEARLEE S Wi A B o 2 F R R
BB aF o FRYHERDEP RET LR F R SR 2H] (R
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6.2.3 ThE E 2K &4 —Docker

*AT 5 50~ Docker 7 Bl Hir > T U A F B HHEARN R B FHRE A
fel o €A A3 P B g et A%RE Y FIF- R @ % Docker ¥ S i B E
RAeR MR AN ATF T R R AT B S R ot F R R
AR R R TP AR A FRMEED AR E- KRR PAEREE
BBBH: U MO EFRBLAEF Kb %% THRF TR VB EMLT
M o gttt ",ﬁ% 7 K3 e Docker 0 % = % & 3is 22 ¥ Docker Compose & J& *

Airflow ¥ 284 5 Z522 B endh g7 2] (B 6.4c) -
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SeisBlue / SeisBlue_Rebuild &

<> Code () Issues [l Pullrequests () Actions [ Projects [ Wiki Security Insights 83 Settings

[ Files SeisBlue_Re cking / 03_train_GAN.py (3

@ Attt123 Tran fe9€165 - 4 month

&3 Your organization can pay for GitHub Copilot Raw (0 &
> [ 01_init_database

v @@ 02_picking
config

model ime import datetime
7 01_train.py
itertools
02_test.py i matplotlib.pyplot as plt

[ 03_train_GAN.py
[ core.py
]

generator.py

O io.py torch.utils.data.sampler im
torch.autograd import Variable
> [ 03_associate i t mlflow

> BB seisblue mlflow. pytorch

(b)

Experiments  Models

act Location: file:///ust/src/app/mir

> Description Edit

Q ® Time created ~ State: Active v = sort: Created v [ columns v

Table Chart  Evaluation (Eiuimue)

Metrics Parameters
® RunName  Created Duration train_d loss g loss valid_loss batch_size learning rate D leamning rate G num epochs  w_gdata w_gr
® GAN @ &daysago 40h 000016798..  001985825..  0.02064353.. 256 1205 00001 100 100000.0 10
® GAN @ 12daysago 13h 000017677..  002175606..  002168347.. 256 1205 00001 30 100000.0 10
® ® Gan 12 days ago - - - 256 1205 00001 5000 100000.0 10
® GAN 12 days ago 066145467..  005077092..  005730311.. 256 1205 00001 5000 100000.0 10

(©)

Image —
Build Run
Dockerfile Docker Image Docker Container

I3
P}

l%] 6.4: =
@ R A

~ 7

U ERY R ERITS A e (a) 2558 (b) #73] (¢) B E
#
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6.3 drimH® & * H P THT L

6.3.1 f F it T 3riEare 1AL v 5 —Airflow

AR E Airflow ik epdR P L v H it s PR {o R dR4F e iF
o AZ o i i3 T & DAG (7 » £TRB) > Airflow ¥ 123 BiiZ fAeniz i 2~ 2 B o}
FAREE o 2t b > T A EARA PP E AT TR AR 4 e TR B o w SR

o Airflow p & L T3 T B 7 FiFeroed o Py B0 0 X143

FAO p R BT L (K 65)-

kmrﬂcw DAGs  Datasets  Security Browse Admin Docs 02:22UTC AA
. . EIZ] schedule: 1 day, 0:00:00  Next Run: 2023-11-27, 00:00:00
00_pick_and_associate
foid YR (%) Calendar R TaskDuraion = TaskTries . LandingTimes = Gantt A Details <> Code  [§ AuditLog » O
Status

) 2023-09-07700:00:017] uled_2023-09-07T00:00:00+00:00 v Layout  Left>Right v | Update

DockerOperator

Auto-refresh  C'

add_event_and_pick }\
get_train_instance

klxlrﬂcw DAGs  Datasets  Security Browse Admin Docs 02:25 UTC AA
. . Schedule: 1 day, 0:00:00  Next Run: 2023-11-27, 00:00:00
00_pick_and_associate
[ "@craph (3 Calendar g TaskDuraon = TaskTres & LandingTimes = Gantt A Details  <>Code [ Auditlog » 8

2023/11/20 £ 02:24:3 @ 25 ~  AlRinTypes v  AlRunStates v Clear Filters

Tomoro ) (i) () (scheced) (35

Auto-refresh - 00_pick and associate ©2023-09-08, 00:00:00 UTC = get train_instance

Task Instance Details ~ Rendered Template  Log ~ XCom Listinstances,aliruns  Fiter Upstream

Details  Logs
Task Instance Notes: ~
# AddNote

add_inventory ss
add_event_and_pick =s
get_train_instance .
get_test_instance

training

testing

add_assocpicks Past Fuwre Upstream Downstream  Recursive Falled

Task Actions.

Ignore AllDeps  Ignore Task State  Ignore Task Deps.

Past  Futre  Upstream  Downstream

Task Instance Details

.*.J

Bl 6.5: f & (T 325527 B AT w 9 —Airflow » & 5+ Bl cnf 28 T3 5 1304
Lie
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632 FrOFHETEKRMR MBS FTAE (SQL) el k4 F
e3¢ (HDFS)

AR R A RRE TR e R AL ) LRI R P
WALk %) TS 6 o AT MySQL FALE 112 HDFS © @3¢ 7 42 22 -
MySQL £- R iLié * DR M B FAE FIL L5 v iE R DF G

S AT EER TR IR B TR BT R T S F

-

SQLAIlchemy % 3 — & if * ** Python 59 SQL 1 £ & o4t % B 2 pt 54 ¥ (ORM)
BET - BRTHEEFREIF EEe i a2 KA g TREFLR
Bgseg o 212 QFREOFE > AT FPFE* phpMyAdmin (7 3

MySQL 3 # chie /i 6 » ie— H3=2 % % iz * Wk (F 6.6)¢

php M 7 BER: 192.168.100.237 » @ FHE : train » B FHE - pick

asense MR L ORm [JsaL 4 B8 oMM o Ee @ BA o« MRS ORE % MRS

REGR B2
P BRI 0- 24 51 (5t 226033 %, TWAT 000021 )

@ SELECT * FROM "pick’
- information_schema
#-0 mysal O REESH [ TP ] [ 65 ] [SQL HEAH] [ R1L PHP #54% | [ B2 )
-1 performance_scherma
=) rebild 1 v o> > | REFM: (25 v|  EEREEL | ESKENE RERBF: = v

o i

4t associated
- candidate

. v id time network _station phase tag  snr confidence

& 5 invontory ©®E 1 2017-04-02 12:33:0266 HPOB P manual NULL NULL

804 pick © BB 2 20170402 12330368 HPOB S manual NULL NULL

%14 pick_assoc ©®iE 3 2017-04-0212:33:0285 HP23 P manual NULL NULL

%14 waveform @ BB 4 2017-04-02 12330417 HP23 S manual NULL NULL

P s @M 5 2017-04-0212:33:03.19 HPOS P manual NULL NULL

e ":‘;’_,E ©BE 6 20170402 12330447 HPO9 S manual NULL NULL
@8- essociated ©®iE 7 2017-03-2800:20:04.32 HPOB P manual NULL
%44 candidate © B 8 2017-03-2800:2005.34 HPOB S manual NULL

+1 event ©®iE 9 2017-03-2800:20:04.55 HP23 P manual NULL NULL

o A e © @R 10 2017-03-28 00:20:05.65 HP23 S manual NULL NULL

:: :::_assoc © B 11 2017-03-28 00:20:04.93 HPO9 P manual NULL NULL

8- waveforn © B} 12 20170328 00:2006.25 HPO9 S manual NULL NULL

© i 13 2017-03-2800:20:05.13 HP22 P manual NULL NULL

© B 14 2017-03-28 00:20:06.65 HP22 S manual NULL NULL

© ®iE 15 2017-03-28 00:20:05.91 HPOS P manual NULL NULL

© BB 16 20170328 00:20.08.28 HPOS S manual NULL NULL
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1ir: /mnt/data
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les S HIE
: True
al: False

./gmt_script
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e: gmap_2024_HL.html

de
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HAF= 5 0 GPU Seid o (735 5 7 50 B F 4 3 WA Ao sEplehid B o By B
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7. 6.1: BjiFiEiz 2138

Technology version 1 version 2 version 3 (alpha)
Final Product Phase Picking Associated Event Focal Mechanism
Deep Learning TensorFlow Keras - PyTorch
Picking Model Unet Transformer + GAN | Rebuild Trans-
former + GAN

Polarity Model X X CNN
Programming OOP — Pipeline + OOP
Style
Serialization Pickle TFRecord HDFS5
ORM SQLAIchemy — —
Database SQLite MySQL + PHP- | -

MyAdmin
Seismic Data Obspy — Obspy + Seisan
Processing
Result Jupyter Notebook — Bokeh Web UI
Visualization
Training Record | Manual — MLFlow
Model Version Manual — MLFlow
Control
Automation Manual — Airflow
Program Version | Git+ GitHub — —
Control
Environment Docker — Docker Compose
Management
Hardware 1080 Ti 3090 Ti —
(GPU)

81

doi:10.6342/NTU202402326



http://dx.doi.org/10.6342/NTU202402326

AETRHBFERLT %= % SeisBlue Al & BER|T 5> B HFREY &
T 0 RS B R RASL R $ AR fered o ] LR E A
Bo AP THEBAEE SADHE oS IREFRS T H RAAT]

iRl RS > na LB FE R TR R fEL p B fE45 o

ERA- AHES G o AR A B A e % itk SeisPolar
B REAY PR > 18- i FPFIT 2 2 j2 47+ R R R
Fle AF - ki it am o #ddp P EF RIS Y R &k &0 TensorFlow 1 1228 &
# 3| PyTorch » 3 +4r 7 A Aen@F A A & F 7T AR EIAFE-F %R B F ot
I F R LR T AT AR 0 S R A o

B SERE 0 p B PO i R iR S BRI 0 B8
Kagan jB|3% > 2 3% & ¢ 80 % rhKagan 4 B /[ %t 40 & » @/ 7 HAIE R HB 8

FEM o gt fh o oW B HEA) € R Ao RPE 5 ch R B o gk Ap DI PF O R
Bl e r e 4pt § - R ERCAR D 9 8% 0 X R BHCAR S AT
ER| b e o

hES%RZ AAELE D G AP RSB DESR - 5 = & SeisBlue 4 it

PERFRY TR RS R > SERE ROl RBEOFRAEVIEE L
BLE BRI R RELERFOT M 2V AN A RELED R

PHE G e PROTE R 4 AR i AP LA T

\‘“‘

BAERADELEE > RRAVTHROE A RALLY - BEHAT - FAFY
B endd s R TPIRF R E A FIL AT ERY P L EHESY B ATR R
FTHIFTERTE A ST LR > ok M s RRFALE
FoRFEFRATETERAGZEIROR A >IVRE? > AT HGHEA LK
BAERITAHEFL PR ABLEERT > FERFEAFE DR T SR

82 doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

A HCA M R 4 o

WHA T AL R RN RT A DG G ST I AP 2 R B R
s B RARHGE E RIS FIfRAT 0L p B 1 IR - e RRE G A
Foo Ak MR T ESER S fonif i )RR BT B onERE R
A TG o B A LR D RISL SR RFELIRET T LOFTHR S B
o R R R il R R AT S oo BB A Y h- B R K S F kR R
BRI F 3 AL LD BB e Ea s BEFEFLE RAEABRIFTT

j

83 doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

84

doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

\\\?{r

3

SROHT S FRRRE o~ R (2022) c U EAE Y rERE EA D &2 s DIFEME K
FHME L M2? LA Fr 8 L FFAT AL H? o

HEX AR FTE ~FTEF2AL (2015) o P A F kR op B it BRI
fEE o F % %3F > 69-86 -

&4 éi‘ ST 4 (2020)0?11 FREY GAHD D ApEPRTE R
Bl %T]‘;;fi_%; Eﬂi"b’l—i—gﬁ—}_‘;ﬁi? 0

}é\

Allen, R. V. (1978). Automatic earthquake recognition and timing from single trace.
Bulletin of the Seismological Society of America, 68(5):1521-1532.

Aybar, B. (2020). What is not machine learning.
https://www.slideshare.net/slideshow/what-is-not-machine-learning-burak-
aybar/238644733#15.

Center, [. D. M. (2024). Data distribution. https://ds.iris.edu/data/distribution/.

Chang, Y. H., Hung, S. H., and Chen, Y. L. (2019). A fast algorithm for automatic phase
picker and event location: Application to the 2018 Hualien earthquake sequences.
Terr. Atmos. Ocean. Sci., 30:435-448.

Chen, C. and Holland, A. A. (2016). PhasePApy: A Robust Pure Python Package for
Automatic Identification of Seismic Phases. Seismological Research Letters,
87(6):1384—1396.

Creswell, A., White, T., Dumoulin, V., Arulkumaran, K., Sengupta, B., and Bharath, A. A.
(2018). Generative adversarial networks: An overview. IEEE Signal Processing
Magazine, 35(1):53-65.

Dziewonski, A., Chou, T., and Woodhouse, J. (1981). Determination of earthquake source
parameters from waveform data for studies of global and regional seismicity. Journal
of Geophysical Research: Solid Earth, 86(B4):2825-2852.

Ekstrom, G., Nettles, M., and Dziewonski, A. M. (2012). The global CMT project 2004—
2010: Centroid-moment tensors for 13,017 earthquakes. Physics of the Earth and
Planetary Interiors, 200:1-9.

Hardebeck, J. L. and Shearer, P. M. (2003). Using s/p amplitude ratios to constrain the
focal mechanisms of small earthquakes. Bulletin of the Seismological Society of
America, 93(6):2434-2444.

Havskov, J., Voss, P. H., and Ottemdller, L. (2020). Seismological Observatory Software:
30 Yr of SEISAN. Seismological Research Letters, 91(3):1846—1852.

85 doi:10.6342/NTU202402326



Huang, C. M., Chang, L. H., Kuo-Chen, H., and Zhuang, Y. (2023). Seisblue: A deep-
learning data processing platform for seismology. In EGU General Assembly
Conference Abstracts, pages EGU-13927.

Huang, K. (2023). Backpropagation algorithm.
https://medium.com/%E4%BA%BA%ES5%B7%A5%E6%99%BA%E6%85%A7-
%E5%80%92%ES5%BA%95%E6%9C%89%ES5%A4%9A%E6%99%BA%E6%85
%A7/%ES5%8F%8D%ES5%90%91%E5%82%B3%E6%92%AD%E7%AE%97%E
6%B3%95-backpropagation-algorithm-71a1845100cf.

Thianle, I. K., Nwajana, A. O., Ebenuwa, S. H., Otuka, R. 1., Owa, K., and Orisatoki, M.
0. (2020). A deep learning approach for human activities recognition from
multimodal sensing devices. IEEE Access, 8:179028—179038.

Jian, P.-R., Tseng, T.-L., Liang, W.-T., and Huang, P.-H. (2018). A new automatic full-
waveform regional moment tensor inversion algorithm and its applications in the
Taiwan area. Bulletin of the Seismological Society of America, 108(2):573-587.

Kagan, Y. Y. (1991). 3-d rotation of double-couple earthquake sources. Geophysical
Journal International, 106(3):709-716.

Kuo-Chen, H., Guan, Z. K., Sun, W. F., Jhong, P. Y., and Brown, D. (2019). Aftershock
sequence of the 2018 mw 6.4 Hualien earthquake in eastern Taiwan from a dense
seismic array data set. Seismological Research Letters, 90(1):60—67.

Mallick, S. (2023). Understanding convolutional neural networks (CNN).
https://learnopencv.com/understanding-convolutional-neural-networks-cnn/.

Mousavi, S. M., Ellsworth, W. L., Zhu, W., Chuang, L. Y., and Beroza, G. C. (2020).
Earthquake transformer—an attentive deep-learning model for simultaneous
earthquake detection and phase picking. Nature communications, 11(1):3952.

Reasenberg, P. and Oppenheimer, D. (1986). FPFIT, FPPLOT and FPPAGE; Fortran
computer programs for calculating and displaying earthquake fault-plane solutions.
Technical Report 739, US Geological Survey (USGS).

Reid, H. F. (1910). The California earthquake of April 18, 1906. Report of the State
Earthquake Investigation Commission, 2:16—18.

Sanderson, G. (2024). Attention in transformers, visually explained | chapter 6, deep
learning. https://www.youtube.com/watch?v=eMIx5{FNoYc.

Sun, W.-F., Pan, S.-Y., Huang, C.-M., Guan, Z.-K., Yen, 1.-C., Ho, C.-W., Chi, T.-C., Ku,
C.-S., Huang, B.-S., Fu, C.-C., and Kuo-Chen, H. (2024). Deep learning-based
earthquake catalog reveals the seismogenic structures of the 2022 mw 6.9 Chihshang
earthquake sequence. Terrestrial, Atmospheric and Oceanic Sciences, 35(1):5.

Tang, K., Xu, D., Liu, H., and Zeng, Z. (2021). Context module based multi-patch
hierarchical network for motion deblurring. Neural Processing Letters, 53:211-226.

86 doi:10.6342/NTU202402326



Uchide, T. (2020). Focal mechanisms of small earthquakes beneath the Japanese is-lands
based on first-motion polarities picked using deep learning. Geophysical Journal
International, 223(3):1658—-1671.

USGS (2022). Seismotectonic regime earthquake calculator = (STREC).
https://github.com/usgs/strec.

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., Kaiser, L.,
and Polosukhin, I. (2017). Attention is all you need. In Advances in neural
information processing systems, volume 30.

Wiaschin, S. (2014). Railway oriented programming.
https://fsharpforfunandprofit.com/pipeline/.

Zhao, M., Xiao, Z., Zhang, M., Yang, Y., Tang, L., and Chen, S. (2023). Ditingmotion: A
deep-learning first-motion-polarity classifier and its application to focal mechanism
inversion. Frontiers in Earth Science, 11:1103914.

Zhu, W. (2020). Technical background: Classification vs segmentation.
https://www.bilibili.com/video/BV19K4y1Y7uC/?spm_id from=333.337.search-
card.all.click&vd source=58f19edb1780051260726b99d81422b0.

Zhu, W. and Beroza, G. C. (2019). Phasenet: a deep-neural-network-based seismic
arrival-time picking method. Geophysical Journal International, 216(1):261-273.

Zvornicanin, E. (2023). Understanding k-fold cross-validation.
https://www.baeldung.com/cs/k-fold-cross-validation.

87 doi:10.6342/NTU202402326


https://github.com/usgs/strec

A —IFREEY 2 H A

FREV BB EEY - BIAER KL EI A AFEDD e FR
By A RANH SRBEER > SEN QA ot U Slicen i £ 3R
K Af peendd et > 5 A F w @32 (Back Propagation) i {7 % #c { 37>

P RAGE R R R (B AL ) o A SRR H WS REY 3 2, H e

o

L S TR B F VAR e &7 4 1K RSP ORA > e
B AR T (BA2) ¥ ERFE- BREEY L X € S FFITE
Balss ~ TS AL ~ WA R S (4 1 IR i S0 ~ 0RLRIR T

Bl A FALER B (B A3) - A MR E RN RS

-

oY RS LA T 0 A XY REW § LA RT R B B

S A Sl A SRR NTERIE R HERRBESE A R ERRGA

B RE A Sl T R P HIER 4 AT L TR E SRR S VAR

2

Layer 1 Layer 2

Design by Ken Huang

B AL ERSY A S8Rt %L 5 » @42 (Back Propagation ) ° 3
LE S WG EPRT ER RN L TR DR REL
I T T e S TR g
PR NE AR LT A SR > IR TR T % e AT (Huang, 2023) ¢

88 doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

MACHINE LEARNING
learning outputs

DEEP LEARNING

+ |learning

B A2 FEEY - FEY R FREY B REFY - BFAE - FR
Fy A B BESFY 23 BF A1 RFFESPORD  IFRE VAN A
KA EFHY p &5 A4 jeantipic (Aybar, 2020) °

&9 doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

#2425 2} Bl AT R 22

A5 A 1| R £ B 3
(AT
A AR S 30)

ET R R bl FE AL RSRIRAE M S

1831 4k 38 #A o4 3 423842 (Epoch)

ERE A FF HILAHRA A A 48 48 25 iy
—P B —P

B IS
BRI R AR A BEESITEY
un s | [ R4k

BA3: FREY & %4z

90 doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

Al K&

b da s FALEIIE RERA Rlber sl SEREY - bl &
BORBRY o B EPEPBIFEL e AP TR A SRR P kA B R
TR IS FRRPRA BRI LAY E DS SRR 55 0 T B g

T A B e (CNN) oA 5 % 5 Pk 4p D P ] B4R fe g it e 127
Henizir o B HE P - A S #E R 7 iz i (Sequence to Sequence ) % 1 kIR
P BT L BB ISR AL BenM B > T2 B A AR G UNeto
Transformer % £ § %8 B2 (2 Beicd] (B A4) o ot oh > ARV 4§ B
pengta o I Rl SRR (GNN) RJIZ2bg 4t T4 0 5 vk il ob dh 32

EEFAAePA TR > ET A RAFY hp Eih R

Data Deep Neural Networks

| Image Maps
Classification: i \
— . N N classes
Image/Sequence K a8 I_Q\Eh - N
Convolul-u;;-\ \ [? -?lx\ly!Conr|aLred
R Subsampling
Semantic Segmentation:
, Med-res: Med-res:
. D, x Hi4 x Wi4 D, x H/4 x W4,
Image/Sequence el [@rf [r ﬂ ([rﬂ Image/Sequence
Low-res:
- D, x Hi4 x W/4
IxBAW D, g D, e P"a: SR
B A4 wﬁﬁ#xrggﬁﬁwmoﬁﬁPm#ﬁ@ﬁ{ﬁﬁﬁﬁﬁﬁﬁ
3 *’”‘/ﬁ»ﬂ] | B | Kﬁi ? 5 R NER ;.ujm,:jz. Fb%'\}i ¢ — 7&@‘}%. 74 B 7| eh
EP I IK% AR A E R S A T (Zhu, 2020 ) -

91 doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

A2 AR
A21 ¥ ## 5. (Convolutional Neural Network, CNN )

LA g gere (CNN) 2.5 PRzt 20 a2 B s - AP A 7| TR g R
eI LK P B @ B A T TR DR otk
AR

MR FRE TR e T R 4

g¥ a2+

PRI RS Y LR o Sl e 2t RETRLY B R€Cy
BRH e o R 2R R ok
f 3R M o B AR LE ST

o A

1. ¥4 & (Convolutional Layers) : ¢ & 5 B~ &
b= R4 s TP g FAF IR

oo T15 P ? ¥ 3
Y TR sy

X % (Receptive Field) it 3 # #8014 & =< £
4 o 4pt >4k (Fully-connected) » %

S5 R R e B
REDIBHEAEEZT - BERP (- L) 7 > 2&E (R

AS5)-
R ST @ 9

3.1 (Batch Normalization ) : % — - ¥

2. 2
'i 3R G S 0 p*ﬂ-gir—\ 1o A -@}?*/‘L l—F\ ‘,'KJ' %ﬂlﬁﬁiJ (Intemal

s\t
“)&

Covariate Shift) AR 4% » BHANF Y LT Am @ % L ~ g Y F o 4P
Toagid B o ¥ ¥ B 5 dEpieen Bl onsk » 7 - RARRIrGIERE -

R&U&&!%*%%&&%—ﬁ’Eﬁ&?”ﬂﬁp#?oéﬁ%xéi
mF o HEF RS

3.
s»h)l-}{xﬂ\j/ T#%])‘Xﬁg Eli"ﬁ;flﬂzﬁg
ReLU(x) = max(0, z)
4. T3 itk (Flatten Layer) @ #-% @ BlT 5 - v € « LML HFE D

B 2R TR b 0 B R R A~ o
92 doi:10.6342/NTU202402326


http://dx.doi.org/10.6342/NTU202402326

5. i 4 & (Fully Connected Layers, or Dense Layer ) : % — k& e — B4 fg~

Mg is - K enF - BA S Al AFLRARE Y D AL TR Rk

6. Softmax J#c @ B>tk Slicih- £ o ;;-4@:—1» R T AR P IR
SARRhA IR B - RS E o T - e SR pR IR
m Lo FRSIHE- BRSO FRO RTRARNE BN OBS o Ak

FiEN 5

e
o(z); = K .
D ke ©
Color Input Image Activation Map
224 x224x 3 224x224x 1
3 channels
Activation
Function
Neuron
In Activation
Map
Receptive 1 Filter
Field
RGB
L J J
Convolution Operation Apply Activation

B A.5: ¥4 & (Convolutional Layers) (Mallick, 2023 ) o
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A2.2 %4 % (Transformer )

Transformer & - AN L3 4 BHERE Y #73) > FuldE £ el £ By

BATHE - Bpadlr gt SR ki BB p B e B2 Bl o &
7 ik dE Y fumwj&ﬁ?‘?é—ﬁ ) JEm ¥ B 3B s A oec L £ BEAE % 8F B 42 o Transformer

WAL Rd B BEBEEL B Re FEHA e L el eRER P
AR A BIEETERMB I T R B AR
1. ¥4 % (Convolutional Layers) : 3 A.2.1 %

# it & (Pooling Layer) : i@éﬂﬁl > PRI 7 BT B ST 0 R

T MaERH o 3 e dlERE (B A6)-

Single Depth Slice

@
\Z/ 2 5 2
=\
4 & 4 @' Max Pooling f 7
g 3 4 2 2x2 Filter & Stride of 2 6 8
i i\
(6) 4 (8) 6
N N

B A.6: # it & (Pooling Layer ) (Mallick, 2023 ) -

3. A £ 4% (Resblock) @ i » B 427 4e PIB 21 > § 2430 RIR R e 20 chby
By AR K R epev s 5k 5 B (BAT)-

INPUT '—

A 4
CONV

ReLU

CONV

) 4

\ 4 ResBlock

OUTPUT
B A.7: & % i & (Resblock) (Tang et al., 2021 ) »
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4. e £ = e ek (Bi-directional Long Short-Term Memory, BILSTM) : &

I

Wiz ers (LSTM) - B85 hiimal (o5 (RNN) B4 0 5 5 /A
RAFFH A BEFR R BAEBT R ¢ FZBAP 5
» i—?;;?ﬁﬂ)\ B E (EE2AR) FLP A2 LT RTEHEL &

J—iﬁ?] AT -k (BAS) - Fv & e@fheler (BILSTM) ¢

% LSTM > - @ f F/dZe v 7] (JUBL PR K ) ¥ - Brdlr v
Bl (JEARTIEL ) o SHRENEFY chix - 2o o LBl eReER
(BILSTM) ¢ % & B & ‘@ s (LSTM) » it b P4 g 8 5 {8 g 4
(B A9)- &g R ?f BB hEA > Ee L EPRERET N E B AR
Al TR s FHpeRY o

5. p A& 4 4] (Self-attention ) : % & E /& & ARA S RB DB 5iE3
Fed 2 Beni i > W 8y hi%g 2Rk (RA10) E4a 3 > p
AR A 153 query ~ key ~ value = BB B w & F adp B2 o query ¥
PR Ckey B A H v BBl value @I FAE L o S L
LA R 5B query B EAIF S AU B 4 o P EEAY > query

21 key «hBEAF 55 Softmax S #icig 4% 16 W ehfE £ & value 5 & 0 A 2 4 1‘%@?]

T

Do ipfE T SV R Qbyéjﬁ/rf«@ﬁﬂk“w}mﬁ% T ML B g
ﬁiﬁg"ff?imﬁﬁg (B A1l)-
6. Sigmoid & #c @ B3R Solikih- fE 0 BF ke 5T (0,1) R A B g2t

UL T R F LS RSN - B e B

- BH- T FE AT RAEN IS F o HEF L EN L
1
0<x)_1+6*“
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Yt

4 In * }
s A pur Fmger qu:ur
[\ Gate Gate Gatef N

| ta nh/ K / KM /;

hy g " ,
L.
A

\c; / \
Input

Xy
B A.8: £ ‘=3 e fh ¥ (Ihianle et al., 2020) o

f i1 i. i I
Bidirectional ¥~ LSTM *—-*—] LSTM € -- 4| LSTM <—

L8 4 - 5 2 .
Layer | — A P T
| LSTM LSTM ‘ LSTM
.r/’-- --\_ ™ .”'{.F- ..\“-
Input [ x5 — .:/ x; — | X1
Layer % _,f'l ------- s - ~

Bl A9: e £ B shiER (BlLSTM) (Thianle et al., 2020 ) -
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B A.10: Transformer ¢ p /2 % # #+4] (Self-attention) » 3+ 5 » £ ¥ § 2 FF eh
k #84e > kb B B (Sanderson, 2024 ) o

Scaled Dot-Product Attention Multi-Head Attention

l MatMul I

£
Mask (opt.) Scaled Dot-Product JL "

Concat

Attention N
| | 1
fam P fam
[ Linear a Linear D[ Linear l-_]
A
\
\ K Q

B A.11: p 2 & 4 ¥4 (Self-attention) =3+ & (Vaswanietal., 2017) o
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A23 2 =¥k (Generative Adversarial Network, GAN )

AT P AR 38 SRR 4 S iR T e g AR R
ez BFenhl o 4eid 4 SFEH R RS o d A PR LR R P

Gl P Sl b A FBEERA IR 5 R0 - ] IUA s FR A g

BRI S EREA L IR hg e A S HPLRREE . FREA S

SRR EALE S B R R B ATER o F R Y 2 R

I A HFLoM A R RLE 4 S Bai o B AR Ay s 4 2 Be
FRBEAT L > 2 A BFER L ARG L olidy k T ERE 0 A E
ERMFERRT{RE RS LB 23 ER T HHEYE §ERE R
Ttz Benbd o Al B e iRt (B ALL2) o 2 s fefa i W 8

VS S0 B enFEE 0 4eid 2 SR iR RS o

Synthetic
Data
Sample

The generator is trained
to map a noise sample
to a synthetic data sample
that can “fool”
the discriminator.

Real
or
Fake?

or —_— D

The discriminator is trained to

distinguish real data
samples from synthesized
samples.

Noise Real Data
Source Sample

Bl A12: 2 S i (GAN) 1% BRI Hinmp g ke 2 & F a3 R
(Creswell et al., 2018 )

30 ORIV AL E R IF 2N 4 S Hiue R (conditional GAN) > i
R EF L2+ HIRR DT B LTS E AL EFN F ey~ e His i
oo S g gn %mﬁ;f] > g RAs AR (P REARE- BRAR ) Flith
Al TEEE o ER BRI R ARRA R 2L o F R A TR E iR R
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P FIPE R RS B R EAl PR RS G ol o NT A AR HWA AR
e B AT R AR
1. #Rkh LA iv5 4 2 F (Generator)
2. ¥ R o] AR R IF S #% F (Discriminator )
3. 4 = %ﬁﬁl » kA ﬂie?l TR RE A 0 B 3 R 4ok ) (Concatenated Predict )
4. EF A 1KY B & R4s4 A (Concatenated Manual )

5. &R ¢ ﬂ};?J »~ Concatenated Predict ( % ) = Concatenated Manual ( Z ) > %]

ER S HE D RN Y E LR L VE RN o
6. 2 X B4y ¢ 7B KK % - B I #w E D Frs Concatenated
Predict ¢ i3 £ 48 464 & B e 6454 + 8 - BASTRIEES A 1R AL

AL RS LA BITA B F M SRR RUER AP FH LK

Ff A B G L )5 1: 10000 0 12t L FTE S E o
7. A S EFRRERIIGUERY > 2 S B gL B ATLA TR

8. ¥ty ¥ € BFIHEN BER IR I LB A HFGEARY 7T
FREES BEBIEY 2 a4 P (2 X Benff & B By T k)
FABA R Rk R E BAaAF AR R~ " MR Ben AT o R
BOFYF - AFLAFND BHRARLET > LRADGELLT - 52 =

% 2 g F ot

9. A BAMIUERY FRIEH ~ 2 S FHEUF A ERE A F 2 SF
WGBS TS 0 4 N B pri k(s - AR A B A o R A
FHEBRZFRALTHRAfrBEEL > X2 4 2B L hBEHRATEAY B
P PR EL A 2 BT L B A o
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A3  #-7]42 2% (Hyperparameter )

DIRBA SRR TP BARSHE FRE ) Bk L ik Y

FORCERoNTEAUREANL ) TRPALFEY LR -

A3.1 # & (Batch)

~

- BT RAL SR o hoFrikii i > YRR 41 WA

IR A n‘»',?ui R S#co F OB DN (Stochastic) $iit B T 2 0]

Ak

=\

B g AR CGPU R M Ew BB S > % TR 4 70 { Bd Pl

E o B RIE TR B AR MEHIT R o FILRER S L)
(Mini-batch) & 3[47% coe% > FH LGP E A L HF I LT HEABFE ¢ 6

e WF R~ AR M E DVRFT R o AP R DR T o Y €

A

32864 WP E ] o FIERMWA GRRE PR FHAERETR

FREASPE LT RDL PR TR THEERE - AP

fim

s
“ g
W%

AR RA PP TR G BRI e E RS

#

E R
Sl B FE XA R A (5 Lo HR e E o

A3.2 ¥ & =t# (Epoch)

SR B B A RT R E £ LA Sl B - S

L e B3R ‘#F}‘;L—% ~ K é@:}%’fr’b}ﬁgg o ¥ N Ko E'Jg S

THRE BRI EE S o R NIRERE 0 F 4~ 5 R 0k B (Early Stopping )
RBEIR e AR FET R > FRATLATE FHE Bk B

P S cdes BH Sk B o
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A3.3 3f 4 &% (Loss Function )

FASBARREY Y Y AR AT RAE Y R T R T A e g
TR AR M AR 0 BB E PR N AR Y o T
Lo A A LR HAREEY R LR HAS AR
TH R E A A R0 WA D Sl WA B EE T RIE R
ST Y L R 02 S SRR TR O 1
4 ENEY o BHPRA BRI ALY L FFL 0 NP EA
B A 2 B PRERE > M TR R E A ACR R 0 F kR B0 eaf

;'E'Jﬁi%J NERE A IERPHLE o ¥ by - AR ZFHF 4 (Binary Cross Entropy ) #_

b
P
5
A
S
P
pi
=
=
7
i
o3
|
g

| g B BN D R BldoPd
EF RG] Z B F AT AR PR SRR 2 B A

TR R Fp i - AR A K E PR AR R o

A3.4 %% % (Learning Rate)

A S Arehig R > SR < P R FEY FA&]

g g (stochastic) » # * A E AR RE B E Y 5 o 7

[y

S8R
P F PR B kB B Y FT U 4T [ kenVk 2 o 2 % = ikskis
REFE P RTY F oo EY pEREY RO E APPSR R

At FE A FEAREEY I R T FHFRAP TR -

A3.5 iEit® (Optimizer)

FAELSIBPH PRI EREE LS ] BB SR LOHR > R
BLATHE B FER &m0 WA Sl Y 5 B LEY DAY - Hir s
FraERs KA R BF Y FHADAM B - F o 0T AD SR F LR E:
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- SGDMEW AR TR HHE 3 PR LB Ak £ 2 e s i o

ﬂﬁﬁﬁﬁﬁgﬁﬁ#ﬁﬁ’ﬁf?ﬁﬁﬂéﬁ%°
* Momentum i i B & 4e 7 AT 0 T L Aok JTag e

+ AdaGrad 1 B: $5 B $HUHA F 0B Y FRAFE T 0 HET A3

_L,-¢

it L AT $ EF R TR L AT - e B

PEYFRL (AFHPRE S frivs s )

* RMSProp & * £ (AdaGrad %48 ) @ 31 » LR REZF Y F s 2 o

KA EPFFDRY FY FE]

* Adadelta i i* B (AdaGrad sh% ) @ 3 * JE3EF » P F L RT PR H 9

ST P RS CF DE DI

* Adam g i ¥ (f& & Momentum - RMSProp) : & iLi¢ * i it £2 - >
f& & Momentum fo RMSProp sHPL 4 j& F it feac p f BE Y 03 B i
8L T AL BT oo i I s fez FFER I Jf‘l%ﬁ I Sfceig 3 ¥R

TS chT ol kB0 S B R RchE Y X

4

« Hi { & Bt ¥# 0 40 L-BFGS » AMSGrad %

A3.6 # R % (Learning Rate Scheduler )

PEBEY R BARS BLEEF{ wRDEY FAFE > AR ER
RARE2 BB Y F 5 F 0 RigH 4 1K 2R 0 Gl4e CyclicLR 53k 8 143 &
Bo ARBEHFRT T URMEE* AR Bfcp FREME o bldro & * Adam &
FA P iear MEREEY FRRAAmEHAE T £ R -
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A4 FAIB ARG B

1\

Ad4.1 T H & 2:E# & (Underfitting and Overfitting )

BeEEARDH LI Led AEL KR 24 HAL-2 L § (Bias-variance
trade-off ) » %E F 3 A P H 4e 0 S TR L DIER L PiBAL 0 B AR S B L H 4o
Flpt o F S ESRETOR Kk 0 BBk 9 B L D R SR TR R L AR E bt
T RARESHRE > A FRETRIELR ) B AR %k 2
TR ORE L TRE S ERE (FAL3) F R RIS A A B R
AR BD R e BB AL Y g A B o IR ) R RARKCT Sk i 0 EF 7
SERVRDERS 0 R AN AP RS FERIFRA A A5 HED AR
(BA.14) -

e T #t & (Underfitting) @ § 2" ‘ﬁg FLehdp 4 B bt’%ﬁ‘.?“}'m;fﬁ'% Ry AT
PRl AR te o R AR HE G iR L R
= E’ﬁ%i};_ ’ ; 7t E, )lliﬁ@ﬁi’gﬁ’: ];}’$ ‘g‘% 13 ")rléﬁP,f j\g%%%gx’ 7 TFX—LT}"E'J

HealRe s endn o 4 AT AR A

)

\

« #WBH & (Overfitting) © § S T4 o 2 @B B B 0 SR

—

7}

o

A BRI ARG e A B R SR A A )I)'i\-\x_t R
AR L BRIFETHELARIE R ZERERE LK €7 R DKL
Rk e L o JPRIERE WRIERI 4 2 2 FRS B IRRE
AL s TR F B MBEPE PR 0 B B e UL ~ R Se B 1 kR D ek
WP~ i % Drop Out 2" JiE A7 "gfl;&{nljl*;f e EE S NF e

S
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("R

y y
o o
e e
[e] °
o o]
o o
o
>y >y >y
Overfitting Fitting Underfitting
Loss

A

Validation

Training

» Epochs

Underfitting Good Model Overfitting

B A.13: T # & 22 # & (Underfitting and Overfitting ) ( Zvornicanin, 2023 ) »

FZIINNZRIE W £ (78 00) &g B INIAR

RIS R
Blnn.Module BEE

EERE >

> TR )

. '

eRERLY P— DL -
_init__ NEZ traces (3x3008) BEEBEAET
Iabel:
¢ PSN pick_uncertainty i
(3x3008)
EHREIRIE
forward forward propagation

s 4 . Under-fitting

AtE#E

.

backward propagation

(BFEQE - HESE2Y

Mgl RERAFRIRE Mggﬂqfﬁ'm”
BEHEHRIERTT T

EHEY
(HFERAES REHE)

False True

AiABERRETETIE

HIERAERRRRIFIS
i 56 Over-fitting

False

FEAEERRIR RIS

SERR! R RE
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A42 HAMR TR A

BFEAE YA DR ER Y o F R ARk 7 o - o
Z (Accuracy) ¥ av * E M2 i 3T o S A Y €3 R
4 (Confusion Matrix ) ™ B~ { FHm iRl % 2 F > F&- H 1 Hmd
(Precision) frz % & (Recall) *:=& A (B A15) c ME R 5 6] > B a8
BTG D RB SUATREAERT F T FHEY 0§ RRELRA R
LAF LS ;T‘u{f,i Bltenit B ip s % 5 ’»T*uﬁ By -grvi o kpaH
FES o TG L dptRamip o

Manual Class

Positive Negative . TP
recision = ———
. P (TP + FP)
2 .2
(2 TP  FP .
' Q_‘ —
recall = ———
! (TP + FN)
T o
= 2 2 isi i
— E _ 5. precision - reca
on FN TN fl score = —7 T2 precision + recall
Z recall " precision

Bl ALS: ®p e s S~ 2w F e Fl & 3 53 dp ik

« $Fi% (Accuracy) i & A iR B > T AT A o F 50|

H AR FEIR R e o

o B4 'L (Confusion Matrix ) @ * k4R & #g 5] ¢ A SRR 27 F SRR 2

SR BT TERCA] A BTN AR §Tes o

o FAr S (Precision) @ 7€ w13 R Z Btk s? >3 §F 5 &

Jmt

haeh

B
Blo e BIpF GRS ARFGPEAL S ER > Gl R EfRRY o &

FHAF AT R VA FR ED IRl L R DR .

* 2w ¥ (Recall) : 8 273 EF 52k ~® > 5 5 SAEF| Ty o
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SO R R R T FRPEE LR G FE DY

BEVFRFFEET N IURERED

* F1-Score : % & r P3G /e 5 & 2 w 5 » Fl-Score i i #HAE S fr . w 5 e
BAeT 3o > § Fl-score 48817 10 R PF3 Ll m s 2 2 v & &8

JTORE 2 o
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e B— BRI RL % R A

)

B.1 2018 =i 2

(a) Threshold of polarities for #confidence > 0.9 (b) #Polarites Distribution
Polarity Numbers of predict score for 2018_HL
Positive Polarity Numbers of Event for 2018_HL
1000 { W Test set
a00{ =77 threshold e manual
£ 600 predict
S 00 20 4
200
0
04 0.5 0.6 0.7 0.8 0.9 1.0
00 Negative
15 4
e 400 AE
3 3
© 200 8
10 +
0
04 0.5 0.6 0.7 08 09 1.0
Undecidable
200
150 51
g 100
50
o 04 0.5 0.6 0.7 0.8 09 1.0 20 30 40 50 60 70

Polaity numbers of event

l B.16: Rk J A B At hie R 4 47 —2018 i RERIET Jr— e (a) ¥ RIF
iR 2 L—),Z fu| et '»Agt’ P o B 0t 0.9 IRRIRE R S R
s % (b) T (a) @FE R iR A7 e

Confusion Matrix 2018_HL

v 1000
2z
B
@
g2
800
=
5
E
R
€ g 600
5%
22
@
o
K
- 400
L7}
=
[}
b=l
@ - 200
-
2
o

I I
Positive Negative Undecidable

prediction

W

B B.17: R4 EE—2018 f“if RERETH - TS 09

“ym!
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B.2 2022

BELP

(a) Threshold of polarities for #confidence > 0.9

Count

Count

Count

® B.
R
SR

Polarity Numbers of predict score for 2022_ETBATS

(b) #Polarites Distribution

Polarity Numbers of Event for 2022_ETBATS
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- Test set
-~ threshold 30 A manual
predict
25 A
0.4 0.5 0.6 0.7 0.8 0.9 1.0
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20
o
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8 151
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10
Undecidable
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B B.19: 2 %

s F

18: ‘lF‘ Bl P
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Undecidable

A B gt cnlic B A 47 —2022 5 B RBLIRI R RIEE TR -
qﬁwprﬁwmﬁugﬁ,@gﬁuA&A%OQﬁﬁWﬁﬁ’éﬁﬁﬁ
o(b) & (a) &FE L o »147 -
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I
Negative
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B3 2023 § k¥ 2%

2023 PL
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10°
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I Il e I
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Signal to noise ratio (SNR) Signal to noise ratio (SNR)
(log10) (log10)

B B.20: Pt fo S it —2023 F ki B (& Pk R 2|9 ) o
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E 20000 A
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= 250

0
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Bl B21: i dic® A 472023 F k¥ B o + B 5 H BRI ipl iR A T
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