43

FALHUS S E R ARTTE #5625 (2026)

BARF B I & 5 AR HRE) R X7 VTR BRESHT
FOLRERERFERET KE B

1. ZLdic
FHH DL, MERFOMEEWISEOMEETHIZ B LT, s 2 AT, BRIV AR
D23 = Z TlX Nested Cross Validation

B RO AR S BARBI RO AR ML 2 ZIRINICECIHEET 2 2 & T, HEHE 2~

J M OMETHEIT) PIEERRELTWVD

(Nested-CV)? |2 X B AESHT O R EZWET 5,
HAEEH S & L TR L K-NET @

2.

gL, LB SN & RIRALE R OV Fnet IC R D A = AL % R LT,
3 144°

142° 143

F—4
AFRELILR & L CBASERME K-NETYD MYGO11 (41,
MYGO13(filia) & FIVY, 2004/1/30 725 2025/3/31 £THO~ 7 =F 22— R 5.0 LLED 189 HifE % %f

1417
40° T

J
PN Ty

39°

38 |

37

Focal depth (km)

T T
0 10 20 30 40 50 60 70 80 90 100 50

EFRNMEL RA T =X LE (77— MR S 6,7)

1 B

3. FRTFIE

MR EE T A V2 M2 IR, BRSNS ) TV E A LTELND Z L &RHEE LT,
BRI VAR B R (AT & PR E T 2 BARBIIR 238 E L, A e p sl
LR, EAEEMAE S WRGELRIC OV T, FEMA AR EH L C, AifR- BB 0%

*Realtime Prediction of Strong-motion Spectra using Machine Learning: Residual Analysis by Susumu

Ohno



44

REH DAL FL (0.2-20Hz W THHEMB T 70 o 7 LEEEREICK T 27— =i
g O F I XHEUE) ORfREZ CNN (RrfgcEsh) & LSTM (R b2 E) =7 v 2 W TFEE
SHTWD, ks, TR TIEHEBEFRMEFHRZ ATORT v 32BN TV, 22T
EICHR DORTFRBLHLSE D AT MO FHE NS E LG EIZ 20 TORBRHF LTINS,

B, K2R LA =T XA —% (CNN DJg#(1), 71—V A X(3*12), 7 4 /VH
(1), LSTM @& /L-41(400), JE (1)) 1% B B A O PGA T 5 212 Jg 5153 E|(Stratified K-fold split)
L 7= Inner-Cross Validation (Inner-CV)IZ L D HE L T\ 5,

LSTM
Time-Distributed (Conv2D) Time-Distributed (Conv2D Fully Comnected
Convolutional Network [Nin, Niy] kemel Network
[Nin, 12] kemnel same padding Dense
same padding (zero padded input) ReLU activation Neural Network
. LSTM Layers
CNN layers Batch Rear CNN layer e Recurrent e
Front-site X}, Normalization Eayer Target-site Yy,
£ — ;
.......... el add E . i/ h“'
- = AV
CNN Kemel Size o o E ) W JJF““
A\ g
Ti channels s chammel N\ /
%, N Dxad) N Q® |- .
3D Sosctia Saes , Time Flow Window (t,qpe = t,)
{ N, S Vx 1} One or more CONV2D layers LSTM Neurons g
e Om ), X, : 3
could be appended here. Ny : number of channels (1) ., LSTM %F;I';‘Sf‘ 2D Spectra Series (Output)
Nysrar : number of LSTM cells ™, Nysrar, 13 % s " Ne, Sny . %}
N,: Earthquake (400) Sora ESTAE o -
i ! . ; More LSTM layers e-shape to 2D output
S, Stride (time section) Ni: number of input components (3) éonld e qppended hee
y. component (N,E,U) flatten
X: Fourier spectrum (N, Sy y X x X 1}

2 CNN-LSTM E£5 /v (SR D ZIEIE)

4. fRETHRER

BIROEY, 5 DEL7ZT7 —HXIZDWT Inner CV THA NRX=RT2A—=FERELIZDE,
Outer-Cross Validation (Outer-CV) T IZxt 3 5 THIMEZ KD 7=, 3\ FFAMm A S 0 B & R
T @MFHERAE, )T —V AT ML ER LTV D, (e)(d)IXATHRBLRA & BB A
DT, RRZHIZ TRL TS,

HRE 2 & D% 7R (45 JE AR o 7 M E-BLRIME O S-%)) D434 2 4 4, [ 5 12777, Nested-CV
LD, HBZLIl=a—F3xy NOBEALAERITIERZLZ OO, FMEL, FHICHWE
Training-Validation Dataset 2> SN, U727 A T —H L LTI ZENRAREL 2 5D, 4 TIX
PR e BIAEIR LTS D, MRIGEWEMTARDEEZ - TEBY, /R LW
ZEmbns, 5 TR O Mw ikKAEMET K OVE BEBLI A D 7K PGA {RFMHEZ R L T
WDHA, Mw Tt L TIEAAEIR D 220 b D 0, PGAITKE LTI Z OEA K & WIFE L/ T
I DM RFEATRN D, JRE E LT, RIBERFEEOFE N AR+ ENBEZ NS,



Estimation time for (b) P-wave arrival at Front-site

S-wave arrival at Front-site
i i S-wave arrival at Target-site

Frequency [Hz]
Acceleration [cm/s?]

70

0.2
30 40
Time [s]
i o
-1.00 —0.75 —0.50 0.25 0.00 0.25 0.50 0.75 1.00 | — MyGo1l Front-site
Log10(Pred.)-Log10(Obs.) H
20 40 60 80
Time [s]
1000 Event Origin Time: 2020-09-12 11:44:00, Area: E_OFF_MIYAGI_PREF, Mw: 6.1, Cdep: 47.0 km, Difference of S-Wave arrival: 11.0 s
b — Tue (d) — MYGO13 EW
(b) = et 2
MYGO11
100 -
_ Target-site Predict &
£ S
§ S
3 s °
2 g
a &)
£ © -10
= g
i -20
: Target-site
0.01 -30
0.5 1.0 2.0 5.0 100 200 20 40 60 80
<+——> Time [s]
time window length

Frequency [Hz]

| 3
144°
40°
[
|
|
39°
|
/
c“
° b
7 /
. o | /
38 7 7
o ]
/ /
/ /
/
'/
// /
/ /
/
/
37 7
/
/
/
/

FEAfGARS B (B 1 o> N1 HE)

45

0.6 — [e]

Pred.-Obs.

Pred.-Obs.

100

Horixontal PGA (cm/s/s)

02 03 04 05

4 HKHEORFETY O 5 H

X 5

K HEOFERZETE]D Mw,
HAZELH 5 PGA & D BEf%



46

5. £¢%

2R 2 VT, BIRICE VRGBS D 227 kb BRSO 27 sV EFER
FIWCEHHEET 5 2 & T, AT hVOHIREFRl 21T 9 FiEIZk L, Nested Cross Validation %
WHT 22 &T, 7—ZITHONER2MEICHT 2 TRERELZFM Lo, EOMREE, IREERFE
DFEP AR5y 72T aetE - fef L7,

HIEFLERD X 2T — XIS 2 AT 254, R Lo 7c D o BK 4yt 53
LWZ LR3d DA%, Nested-CV ITHZI R FELEbis, S%iL, SCHk 3)0RIFRE H-0E b
B OFIAZEICL Y, FER LICRY e PETH D,

HiEE

B5SERHF K-NET OF —# V2RS¥ T2 & % L7z, ABFSETIE British University of
Egypt @ Torky 1+ GrEALKKZBEAE) O a7 I A2 EEL THOYTWET, ARMED
BEICIT AL R T2 4 FEAZIESCFRICH W72 & £ Lz, BE%E I Tensorflow®,
Keras”), scikit-learn'?, Keras-tuner-cv'V% fiVE L7=. AHBFZEIL JSPS BHAF#E TP23K04102 D Bk
ZZT b0 TT,

2E R

1) A. Torky & S. Ohno (2024) A FREQUENCY-BASED SITE FORECASTING METHOD USING DEEP
LEARNING, Proc. 18WCEE.

2) S. Ohno & A. Torky (2024) SOURCE DEPENDENCY OF SPECTRAL TRANSFER
CHARACTERISTICS FOR REALTIME SPECTRAL FORECASTING, Proc. I8WCEE.

3) REE (2025) #ebk-7 I X 2 AL ) o #igR D B2~ 27 F VT, BRI E R R
%%, 61, pp.17-21

4) Varma, S., Simon, R. (2006) Bias in error estimation when using cross-validation for model selection.
BMC Bioinformatics 7, 91. https://doi.org/10.1186/1471-2105-7-91

5) National Research Institute for Earth Science and Disaster Resilience (2019) NIED K-NET, KiK-net,
National Research Institute for Earth Science and Disaster Resilience, doi:10.17598/NIED.0004

6) Kita, S., T. Okada, A. Hasegawa, J. Nakajima, and T. Matsuzawa (2010), Anomalous deepening of a
seismic belt in the upper-plane of the double seismic zone in the Pacific slab beneath the Hokkaido
corner: Possible evidence for thermal shielding caused by subducted forearc crust materials, Earth
Planet. Science Lett., 290, 415-426.

7) Nakajima, J., and A. Hasegawa (2006), Anomalous low-velocity zone and linear alignment of
seismicity along it in the subducted Pacific slab beneath Kanto, Japan: Reactivation of subducted
fracture zone?, Geophys. Res. Lett., 33, L16309, doi: 10.1029/2006GL026773.

8) TensorFlow: doi: 10.5281/zenodo0.4724125

9) Keras: https://keras.io

10) scikit-learn: https://scikit-learn.org/stable/

11) keras-tuner-cv: https://github.com/VZoche-Golob/keras-tuner-cv/tree/kerastuner146





