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ROOM C

Room C | Special session | S22. Potentiality of Machine Learning in
Seismology

[S22]AM-1
chairperson:Takahiko Uchide(Geological Survey of Japan, AIST),

Hisahiko Kubo(NIED)
9:15 AM - 10:30 AM ROOM C (Research Bldg No 8 NS Hall)

[S22-01] [INVITED]Data-Driven Anomaly Detection Based
on Machine Learning: Smart Maintenance for
Wind Energy
*Jun Ogata' (1. Data-Driven Anomaly Detection
Based on Machine Learning: Smart Maintenance for
Wind Energy)
9:15 AM - 9:45 AM

[S22-02] Seismic Phase Picking based on Sparsity-Aware
Change Detection
*Hiroki Kuroda1, Jun Ogata1, Hidenori Sakanashi1,
Takahiko Uchide? (1. Artificial Intelligence Research
Center, National Institute of Advanced Industrial
Science and Technology, 2. Geological Survey of
Japan, National Institute of Advanced Industrial
Science and Technology)
9:45 AM - 10:00 AM

[S22-03] Automatic P-wave detection using deep learning
and visualization of the decision process
*Shota Hara', Yukitoshi Fukahata?, Yoshihisa lio? (1.
Graduate School of Science, Kyoto University, 2.
Disaster Prevention Research Institute, Kyoto
University)
10:00 AM - 10:15 AM

[S22-04] Application of convolutional neural networks to
continuous seismic network records
*Keisuke Yano1, Takahiro Shiinaz, Sumito Kurata1,
Aitaro Katoz, Fumiyasu Komaki1, Shin'ichi Sakaiz,
Naoshi Hirata? (1. Department of Mathematical
Informatics, The University of Tokyo, 2. Earthquake
Research Institute, University of Tokyo)

10:15AM - 10:30 AM

Room C | Special session | S22. Potentiality of Machine Learning in
Seismology

[S22]AM-2
chairperson:Hisahiko Kubo(NIED), Yuki Kodera(Meteorological

Research Agency, JMA)
10:45 AM - 12:00 PM ROOM C (Research Bldg No 8 NS Hall)

[S22-05] Development of 3D Convolutional Neural

©Seismological Society of Japan
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Network to locate hypocenter with theoretical
seismograms of time series as training data.
*Daisuke Sugiyama', Seiji Tsuboi' (1. JAMSTEC)
10:45 AM - 11:00 AM

[S22-06] Discrimination of earthquakes and tectonic
tremor signals by applying a convolutional neural
network to running spectral images
*Masaru Nakano1, Daisuke Sugiyama1, Takane Hori1,
Tatsu Kuwatani', Seiji Tsuboi' (1. JAMSTEC)
11:00 AM-11:15 AM

[S22-07] An unsupervised automatic classification
algorithm for continuous seismic records using a
nonparametric Bayesian approach
*Yuki Kodera1, Shin'ichi Sakaiz, Takahito Nishimiya1

(1. Meteorological Research Institute, Japan

Meteorological Agency, 2. Earthquake Research
Institute, the University of Tokyo)
11:15 AM - 11:30 AM

[S22-08] Study on Site-specific Ground Motion Evaluation
Models Utilizing Machine Learning Method
Considering Epicentral Directions
*Toru Ishii1, Atsuko Oana1, Kensuke Wada' (1.
Shimizu Corporation)
11:30 AM - 11:45 AM

[S22-09] Study on Ground Motion Evaluation Models for
Kanto Region Utilizing Machine Learning Method
*Atsuko Oana’', Toru Ishii', Kensuke Wada' (1.
Shimizu Corporation)

11:45 AM - 12:00 PM

Room C | Special session | S22. Potentiality of Machine Learning in
Seismology

[S22]PM-1

chairperson:Yuki Kodera(Meteorological Research Agency, JMA),
Takahiko Uchide(Geological Survey of Japan, AIST)

2:30 PM - 4:00 PM ROOM C (Research Bldg No 8 NS Hall)

[S22-10] Improving the symmetry of ambient seismic field
correlation functions with machine learning
*Loic Viens1, Tomotaka Iwata' (1. Kyoto University,
DPRI)
2:30 PM - 2:45 PM

[S22-11] A hybrid approach of Machine learning and
Ensemble Kalman Filter for estimating frictional
parameters in Nankai megaquake cycle
simulator
*Yu Yamamoto1, Kazuro Hirahara1'3, Hirotaka

Hachiya1’2, Atsushi Takahashi1, Naonori Ueda' (1.
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Center for Advanced Intelligence Project, RIKEN, 2.
Univ. of Wakayama, 3. Univ. of Kagawa)
2:45 PM - 3:00 PM

[S22-12] Acceleration of matched-filter search and slip
inversion of deep tectonic tremor using nearest
neighbor search
*Naoto Mizuno1, Satoshi Ide' (1. School of Science,
The University of Tokyo)
3:00 PM - 3:15PM

[S22-13] Machine learning of postseismic deformation of
the 2011 Tohoku-Oki earthquake based on
recurrent neural network
*Norifumi Yamaga', Yuta Mitsui®> (1. Graduate School
of Integrated Science and Technology, Shizuoka
University, 2. Faculty of Science, Shizuoka University)
3:15PM - 3:30 PM

[S22-14] Automatic detection and classification of the
uplifted marine terrace by clustering DEM
dataset
*Junki Komori1, Ryosuke Ando1, Masanobu Shishikura?
(1. The University of Tokyo, 2. The National Institute
of Advanced Industrial Science and Technology)
3:30 PM - 3:45PM

[S22-15] Investigation of Prediction Model for Engineering
Geomorphologic Classification using
Convolutional Neural Network
*Sho Akagi', Toshihiko Hayakawa' (1. Mitsubishi
Space Software Co., Ltd.)
3:45 PM - 4:00 PM
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Room C | Special session | S22. Potentiality of Machine Learning in Seismology

[S22]AM-1
chairperson:Takahiko Uchide(Geological Survey of Japan, AIST), Hisahiko Kubo(NIED)
Wed. Sep 18,2019 9:15 AM - 10:30 AM ROOM C (Research Bldg No 8 NS Hall)

[S22-01] [INVITED]Data-Driven Anomaly Detection Based on Machine Learning:
Smart Maintenance for Wind Energy
*Jun Ogata' (1. Data-Driven Anomaly Detection Based on Machine Learning: Smart
Maintenance for Wind Energy)
9:15 AM - 9:45 AM

[S22-02] Seismic Phase Picking based on Sparsity-Aware Change Detection
*Hiroki Kuroda', Jun Ogata1, Hidenori Sakanashi', Takahiko Uchide® (1. Artificial Intelligence
Research Center, National Institute of Advanced Industrial Science and Technology, 2.
Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology)
9:45 AM - 10:00 AM

[S22-03] Automatic P-wave detection using deep learning and visualization of the
decision process
*Shota Hara1, Yukitoshi Fukahataz, Yoshihisa lio® (1. Graduate School of Science, Kyoto
University, 2. Disaster Prevention Research Institute, Kyoto University)
10:00 AM -10:15 AM

[S22-04] Application of convolutional neural networks to continuous seismic
network records
*Keisuke Yano', Takahiro Shiina?, Sumito Kurata', Aitaro Kato?, Fumiyasu Komaki', Shin'ichi Sakai
2 Naoshi Hirata® (1. Department of Mathematical Informatics, The University of Tokyo, 2.
Earthquake Research Institute, University of Tokyo)
10:15 AM - 10:30 AM
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Data-Driven Anomaly Detection Based on Machine Learning: Smart
Maintenance for Wind Energy

*Jun Ogata1

1. Data-Driven Anomaly Detection Based on Machine Learning: Smart Maintenance for Wind Energy

AWETIE, BHPBICED F—yBEREIBRARN, S 5ICThOORRE (S0& ICRBHE - £
BTHALTVCA) IEOWT, AARBRAT— M AV 7Y 2ORY MAEHHE LTENT 5.

BRARKBMEO KRB EERBOMEEEIEIL, EE HRICKELAPELE2 2. TR, 5 LAEROME
BEEDEDIESICERLZEHA VT FYANERINE I NSV, —AT, #B0HE, BESORE
ZieaLYIERIC, NORBICEETZ &N TENE, MBOFRESICL2BRERAOE TEZ T TR
, BBORBICHLCLEBARNROBEVWA YT FYANTEER S, TIT, BEOEY VY FRMTPIER
BERMORRICHEL, EBETOREERS X5 L (Condition Monitoring System; CMS) ~DHIFEN S
FoTW3. BxlE, CMSICEWTIIREEY 77y IHoRBoNZIRH T —Y 2BITOTRE LT, ESL
BEEBEBICEDKT—9RBETIO—FICLY, BEFTHKEZRER<KRET 2 X7 LDEBEICEYHE
ATW2. INEXTIZ, NEDOEZE TRV — M X VTV ARMMERAFE (947) | (2013~2017FE) I
BWT, ERDEMDEXEDHAICKY, 2FH27H 1 ~, 43BDORAEICCMSEZRESI T TWEEE, 22
TPRESNENEERS T —9%2EH L CEERIOMRARELT>-TCEL. EVHIEREDTEERTH S
FEHER, EEHE, REBHRICH L TEE0BMREINTSY, BEERANVAT LR, EFEBEZROEERLES
FREMICHET 272010, REIT—9 Z&ICENICEE - BEEZT-o-TW2 (TREICDOZI00EERMY
2T LDRE) . EERAFEE LU, EERBREBORE T —9DAH%E%EE - 7L, ZIH5TEE
LA ZICBE LT 27 70—F (ANERM) 2EALTWS. AFRTIH SIS, FEEE LT

A - BRHEEOMBSEHE TH2 [FLAC (77— IRFMBECHBREHE) | 28AT5I T, HROERE
PHETIEHRETH > =TT LB ERERET R EERLOEIOKSRICT L TCEEERMN+OTREE BB I &
HRL7. UEDEERNY AT LAZRBRAEDIRN T —YICERT S & T, BRRXBEBREDTI~34H
B COEBKREMRMERIRL, 90%ULOEREFIRE MR EZRTE .

—Fh, ZDEIRT—IRBEEERNTMOERALEEDZ D AT, YATFTLDREEIS LIS - ERLNE
BErid. FAEHFLVEERKEECE VY 2ZEBLAGERE, — b7 — 92 KEBICERBLTEELE
TOTIEAL, TTIMHMORETEZLAETI - BREMSHOFTHA (&) LT, FitQRIETEE
BREY 2T LENEANDRIBIGEAAREICTE 2RMPIVDERARERDS. ZOLD Ailaid, #HuEE
TIIEBZE EEEN, BERY NRAREEE 2> TWS., 4 FIBENEDOEE [EEERSE LI
RHEE] ICBWT, IHLE770—F (YR7LER) 2FAT22LT, HOWIRAERKBICBVWTEE
REOORIER - EAATEEE T2RMOMTARLEEDHTLS.

BIROEERAOFEMEIEEFKERBPICKRNTI8EHE LTIEBUTHDZEVWA D, EBORIFEEETED
FTHED, EDLDICFERT 2D, TOXRANAMEEHII TSI ENEETHS. Halk, EERMNR
T (AlFRflT) ERANE#EE (REERRE) 204E, HAOREA VTV RAAXET DDA VY

T7I—ADMREAEZITo>TWVWS. EFRNICIE, EERMOETHERZEEREAE - @RI ICTRIET S
ET, WOTH - ECTHEREDREAILIE - REITEDWeb7 7 — 3 [WindCastle] DR - NB
ET-oTW35., EERMBMOERBIMARLIFTERL, THLEA VY7 2 —ADANHERF = RICE
H2EI—DDEWNE, BEERAS AT L%Z, RFOER (RF7T—9, 1—FH6DT7414—RN\vI%) %
FEHETACETHEMICER - SEELTW ZEICHD. EERAZIXCHE T ANTHERM T, —i%
BICZF DRAMMEREIEEBICHRT 2T —YDEVPEICAESKEKET 3. IIROEERMY AT LIIBED

F—aty MCEBERICBVWTEWEEATRLADDD, EHAETIIAREE - KRUEOTH LS TISHER
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WROERSE, BT —IHICIFRVERIMOEMNE - R —V I/ L TOMNITHLT 20N KERREE R
3. §hbb, ZH5LE [7—49H50%8] ILEDCBERMY AT LIE, BEDT—9 1y hT—EEE
L TENEMBEHICEWNEIT S, TlrAL, BERPICBVWTHMEEARDDIC, MARLTEICEKTE S
EDVRTLEZREH (RT—FICELEBEEE) LTWKZEDREEELRS.
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Seismic Phase Picking based on Sparsity-Aware Change Detection

*Hiroki Kuroda', Jun Ogata1, Hidenori Sakanashi', Takahiko Uchide?

1. Artificial Intelligence Research Center, National Institute of Advanced Industrial Science and Technology, 2.
Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology

P - SIEDWENREZ D BEHRANL, FFICH/NEOMBR T — I BITOE—S & LT, hEZOEERFEED
—DICMIBEDITONS, i, MEAY O T — 9 2RAVEEREEENEBHRATREFLRABELENRT S
ZEDREINT W S(e.g. Rossetal, 2018), LA LIS, FEBZBZHOHEIM EZ2BEF XX, KEDEE
T—IRLUICZENSICHT ZERBRINIL (HEH) BRODEICRDE, YRATLBRICEITEHANKE
W —A. AASIEMERK T —9 N0 ERBERAEZITY 7 70—F&. RBZBLEIL Y E K OFRAEN
REINTHY., 2K, HERFEOERRE/REB/NT—LICED < STA/LTA%(e.g. Bungum et al.,
1971). BEEIBEFIVICE D K Fik(e.g. Takanami and Kitagawa, 1988; Leonard and Kennett, 1999), &
NS EHAEE-FEK(Akazawa, 200)PIRESINT WS, T LEFMHTER2ZENILAVWT ITA—FIF, K
ET—IDEFELAWV, HEVEHEAIOTHPEFEINATOVAWVRE (BREISRE) KBVWTEYRTA
HHEATER LWV LFENELGH D, LHELARDS, —EORABELBZLDICEATERT—9Z&Il%
BDNRIA - DRENVEERDE, VAT LBERKOBELH > T,
EBNE - BMBEELBTICEWVWTE, ZIERAME (FLIFESEIAVYT—2a VBB & LT, #HERE
R HBOEEE R ODBRBENERICHRINTE -, EIOEE,. BRINESDEEMRA/NN—IA AL
RNBBEICERT 27 70—F5EB 2EH T % (e.g. Angelosante and Giannakis, 2012; Han et al., 2015;
Kuroda et al.,, 2018), I 5DHFEIE. BIEBRIMBEN R /R—ARYT ML (REDHEDDODRY ML) D
EREBICRETEBIEEMALMNMILTWVWS, RAN—ZARY MLOHEBBICH L TIELT /L AEAEZE DA
NBFEDNHONTWVWS O, INSDREDISHICE 2RBEBEATCRMOERIA/FTESZ, 2077
O—FOFEHE LT, BRIMESLAINSEELCERANT 272D, /4 ANDOHEBUEIHEFTE D EHE
Fond, £z, FENEITEF2—ZVINRITA—=FE—DDHTHY., LHEREOELRMENEREIC
RETEZ S, L. GEHRFOAN—AMERBEERKBEALIE S 2 L IF—KMICES TIEA WL, Kuroda et
al. 2018)IFERTRILEBM TARAN—AMABEECIEDZIEICRHILTEY., TORNR—RALEFRATZF
;&lZAngelosante and Giannakis (2012)%Han et al. (2015)&DFHFE AR TEEIR FHEL ., BUERERT
KVEBEBN-HRNBELERT 2 ENERINTWS,
AR TIE, BEMIANN—IAMEDOBEELICL Z2EERFM7ILTY) X L(Kuroda et al., 2018) = ERET—4
ICERA L. BERAICBSIT2BUMERIET 5, COFETRETZESETINE LTIR. RE20XRHHE
CORETIVEEZATL, ERAIE LT, [SEF—TAEERAS O M 52018FE583H 190590 IR
EEBTHRELEM 1.6DMEEEV. HARERMARAMOEREREEAHFEHi-net) DIERAR (BE
(N.ASOH). @ (N.INAH). AF(N.DGOH)) TRIESNARAABEE T —F ICIREEAEA Lz, BREED
BT3RS A=%F, BEOLSH, [SETRAEMEOZELEECFEO T CECRMBARNIARD LD IC
REL, BR. FESIRICOVTRARFRAELN T WD, RRFT—TLLEBERAY QI OERMAE
HMOEBMICSHE L-ERE2F > T, HERIERLNOERE Lz, M1 OERIS, BREEITRTRAE
(FI3BHE) MEESCVHOMERELERID L TVWS I ENERTE S, Hic. EERIREFRE
B TIES/NEEABWA, DK BH/NEDREFE T —2IC0 LT, RFEIE / 1 IS ELERHE
9. MEICHEOIEEDAEZRYET I ENTE L, SEROFEE LT, BREREZFORENEZEAWVEE
ERABCREEORAREI BT OIS, £ ZHOMEER T —FICREEZ%4EAL. SEFHRAMEE DL
ICL BMREHEATY FETH %,

HE ARRTEIRT —TACLIERRE & [F5 KB P M FUAT DHi-net D 10 2K 5C 8%
(doi:10.17598/NIED.0003) & fEfH L % L %,
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BE X

Kuroda, H., M. Yamagishi, and |. Yamada, Exploiting Sparsity in Tight-Dimensional Spaces for Piecewise
Continuous Signal Recovery, IEEE Transactions on Signal Processing, 2018,
doi:10.1109/TSP.2018.2876328.
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Automatic P-wave detection using deep learning and visualization of
the decision process

*Shota Hara', Yukitoshi Fukahata?, Yoshihisa lio?

1. Graduate School of Science, Kyoto University, 2. Disaster Prevention Research Institute, Kyoto University

PIEDEERZ & WEMEMEIL,. BERMBYA D XLBERET D LETHEDIERTH S (Hardebeck &
Shearer, 2002, Yang et. al., 2012) ., PROELERZIOKRE % BETITO 73 TLIELRTL WA IR
NEHShTEY, HlxE, STA/LTAZILTY XL (Allen, 1978) . AR-AICE (Sleeman & Van Eck,
1999) RENH B, RIATIEZhu & Beroza (2018) *°Ross, et. al. (2018) WFEBEBE AW AEEREL
=o —A. AEEEQHFICOWT, BEFEOFHEIIABOEMRLY EHEENMBEVE WD BEIH o 7=, Kif
RTIE, BHISNAHMEBERET — 9D OPEDOEERZ & MEEMARET 5 EDOAREREHIAA=1—7
JLx v N2 —% (CNN; Convolutional Neural Network) OEFIL#FEFE L=, AT —4 & L TE. AEXK
(Lupeith7, At AILER) ORBMEE R TIEOSN250 HzOMERF (W13HE) & EEHARETHE
5072100 HzOMERF (W4RE) %FEA L. BHERZ & EMBEDERT—9 & L TUIEMRICK 2R H
EREBAVTCNNOIIEE T o7z, ZOFER. AIFRICAWVTUWAWMERFICH T 2CNNIC K 2 EIERFZIICD
WT. EMRECNNORERZIDEDTH EIZEREIEZTNEN. -0.0025£0.040s (250 Hz) . -0.009
s&0.071s (100 Hz) &%k o7, £/, WEBMHEOREBFERIIEMARIMRE LABRICHL, 98 % (250
Hz) &#95% (100Hz) O—B¥EEAABA L7, INiIRosset. al. (2018) DIERERAETH 5, RIC. #E
BHERBEBERICOVWTHIR S E OBIEOLEREZRARS O, HhERF ZE&AMEToIF. FAOHIBEDRK
BT—49%FAWVWTCNNEZEL., 55 —ADOHBOT—FISEA L, ZOHER, —BREIIRATEHERN2
%DBMBEFY, HIFTEICCNNEZBIES E2REENMEVW &9 o7, T, BEOREZE%ZH
WEMIERTIE, Z2a—FLxy ND—08BRDTIv IRy VA, DEYCNNAEDL D ICHERAHE DTS
DALMY DITENEWIEBELNH D, I TEMETIE, Selvaraju, et. al. (2017) DGrad-CAM & FEE N 2 7]
BN EBAWT, CNNICK 2HEMBHREORE 7O ZADABIEEH A7, CNNAER L TWSEMAEH
BlTdZ&ICE Y, AIESNZCNNLEERL OMREBFBEROILICERICRBEL TWR I ENgh o7, &
oo ZLOEHICH L THBHEEERLIWVETCLAEREZERL TVWEZ DM o7, ZORFHIE. ENHE
MRHOEMARDHIMELEICIED TGEL . MHBEEZOEDDEREEZCNNICIESEZATLAWIEREADLLT. A
BEREZEDHMAOEFICDITTWE EEZOLND,
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Application of convolutional neural networks to continuous seismic
network records

*Keisuke Yano', Takahiro Shiina?, Sumito Kurata', Aitaro Kato?, Fumiyasu Komaki', Shin'ichi
Sakaiz, Naoshi Hirata®

1. Department of Mathematical Informatics, The University of Tokyo, 2. Earthquake Research Institute, University of
Tokyo

db
1.5

IR7E, aEBICIE, ABICEES /2300 B0 =%t OB AR
(Metropolitan Seismic Observation network; @#MeSO-net) &% V), HE R A ER%
FICINESINTWS. B LHEMERAISRE LTEL TVWARVWEHEB TORIEDZH,
IREINET—FICIE, BEOHERFICMA CTHREMEDKARRE /1 XS
nTwa. LHaLl. ZhoDRE/ 1 Xk, BRISENDEDHIS S EROER AT
BRIDIEICLVBRTZIENERHING. ZI T, INHDT—YDHRLSEBE
BROBEDEREZHEE L, WEALDBENICHERTZITERMNT 2 EamAk.
ARERTIE, BHFRAHFZ1—FIxy eI Z 708 2RV EREIRTOMERA
EERZEL, MeSO-net T—49 #HWVWTZDREERILT 5.

2. REF&

BHAHF=1—T Iy b&T T T70EEBWERER SERET TOMERE
HRRT D, BHAAF=1—FIIxy ME TRRBBO 74V EDERL - T—Y VT
EMENZ IO TY U TE - 2EEZ 1 —FIry M ERMBLEZEHETHY.
ERWIE - REAEBICEWTLLSFERSNTWS, tERICEWTHEEHAHF=21—7
L2y N DOBEAIRESEEADOBERIIEC BRI TV, LirL, BEAFAHF=1—
ZIRry M, BEROELD ICANDEERNIFBRCRHRESNTWSAIEEBELTSH
Y, ERESERERICTOEFMRALTLED &, HAR0EMEEDAEFREE
HEEBITBIENTERN, 20D, BIIEHAAZa—J)Ibxy NERLEET
T, BHRHEUNRZAVS I EICL2RABEORA LS K UBRRANEOR D EENIFE
HETERAWEEZLONS.

ZIT, AMRTIE, /77 7BRODBFTHRINTWE IS 7 9EDFREEEH
AFZa—Z)Ixy MZBAL, BlR0EEEEEZ2ERBL-EHAAA=Z21—JILXY
NEIRET S, BHAEOSS7OEBEICIIERENFEET %D, RERIEEEAW
BPIETT—IDOLRETDIENTES.

3. fRHTHER

REFEOBEMRIZ2011 F9 B4 Bh 516 HDMeSO-net EHTEGHE & AL
To7. BHERRE LTRAMEDI3IEHMAERIRL, EHAAF=—a1—FILRY
DEBMANRE20WGOHz £ TY 94V T v &Lz, BEFEORELZEESF
EEREELEL, HICERMERAZNZA DI EICRMLE. BREROFEMICOVLWTIE
LH®ET 5.
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Room C | Special session | S22. Potentiality of Machine Learning in Seismology

[S22]AM-2
chairperson:Hisahiko Kubo(NIED), Yuki Kodera(Meteorological Research Agency, JMA)
Wed. Sep 18, 2019 10:45 AM - 12:00 PM ROOM C (Research Bldg No 8 NS Hall)

[S22-05] Development of 3D Convolutional Neural Network to locate hypocenter
with theoretical seismograms of time series as training data.
*Daisuke Sugiyama', Seiji Tsuboi' (1.JAMSTEC)
10:45 AM - 11:00 AM

[S22-06] Discrimination of earthquakes and tectonic tremor signals by applying a
convolutional neural network to running spectral images
*Masaru Nakano', Daisuke Sugiyama1, Takane Hori', Tatsu Kuwatani’, Seiji Tsuboi' (1.
JAMSTEC)
11:00 AM - 11:15 AM

[S22-07] An unsupervised automatic classification algorithm for continuous seismic
records using a nonparametric Bayesian approach
*Yuki Kodera', Shin'ichi Sakai?, Takahito Nishimiya' (1. Meteorological Research Institute, Japan
Meteorological Agency, 2. Earthquake Research Institute, the University of Tokyo)
11:15AM - 11:30 AM

[S22-08] Study on Site-specific Ground Motion Evaluation Models Utilizing Machine
Learning Method Considering Epicentral Directions
*Toru Ishii1, Atsuko Oana1, Kensuke Wada' (1. Shimizu Corporation)
11:30 AM - 11:45 AM

[S22-09] Study on Ground Motion Evaluation Models for Kanto Region Utilizing
Machine Learning Method
*Atsuko Oana’, Toru Ishii', Kensuke Wada' (1. Shimizu Corporation)
11:45 AM - 12:00 PM
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Development of 3D Convolutional Neural Network to locate
hypocenter with theoretical seismograms of time series as training
data.

*Daisuke Sugiyama', Seiji Tsuboi'
1. JAMSTEC

Falk, EEOMEFRMERRIEVWT, ERERFEHEEERL. INEHET—9 (HD2ZAHNT—%
EEDEMRERDT—FEWIMIIFZHED) E L THEBEBETIZLICEY, BREASA—YOEELEITD
Za—FIRY NI —VEBETIHRAMMCDOVTHRE L7z, BIBOERKRTIE. BEERAESICT. ERVRE
DEBZZHONRY—VOREBHMEAXBERNICETEL. SonERERTRELI L. HIRFRICHITZH
ROZEEMWRMEREEEREZEHRL T, ZOBEREAVTCREZE 2TV, BRAIA—SVEZEEHET S
Za—FIRY NT—VEBRERTEIIENHEEKD AR LT,

Hald, TOZa2—FIRY NT—VICLDEBRNATA—IHEREEZILILEHZIEZEHME L. 2B
REBRINABRICKRBIEIHA%21To7, HIZIE. HEREOENY A LERIE O RIREN AR S, B
BRAWROZEMDHLEIT TR, ZOBERNARBEBEBRONY—VHEFBORRET D, DK D REFHE
RENY—VEZBST LD, Brld, HEBEEOERMERMEHEOMKROEMLIFE, H1DLHA
BRTHIRT —FICE# LTz, 2DEIRT—9%, IRTHRT -9 RUMBRICE T 2BZDEZICHFLELE
3RFTBRAH=21—F )%y hT—2 (BDCNN) ZHVWTEZ ATV, ZROBHUT—YDOHEETIZE
NTEBHBETINERESD,

md. BERERTEHEERICOVTIE., BIRERKICZARY MVERED
SPECFEM3D_GLOBE(https://geodynamics.org/cig/software/specfem3d_globe/)ZFH W T W3 A, SEIE
WREFICOWTERMAL S ARIEREE TRIF, 25637, 1 chunkzZHWTEE L7, AWEIRTHE
ERETILIEZS20RTS T, ETFIDOREEDREMBTH ZNEXIE256, BHIX17HTH S, BRESIPMNERERE
RN A =4 HZL S 724,200 DRBIHEB IS L TR OERERFAETE L. H3005DHER
CEEREER L, IhERAV, BHUBREORBRRE/NY —VE3RTMRT—9 & LTEML. KA
FT—=8E LTz, BBE3A. TOIRTHIRT — 4 Ek-Net/s EDREOMERFER T —9 H 5 ERKICEHEN
ICERDAIRETHY ., BEMNAEBRNIA—YDHELAETH S,

ZDEIICERLIEET —9 5 HIC, KICHRARZ3D CNNERBWLEBEE AT o7, 3SED3DBAAE%
A\, 86x86DZEMIET — 4 #BRRIIAMIC20EAV. BERNATA—SE2HET IHRET I 2EHET
ICEWER L, FBEE 7L —L7—7IETensorFlow (https://github.com/tensorflow) &

nnabla (https://github.com/sony/nnabla) %W\, HEIT —49 OERS & O E 138 E 7060 R
¥ - hIKIERER LV 9 —BERTBEE I SR Y THBDAY R T LDGPGPU/ — RA&FIA L TItFNICIT

W, Za—F)xy ND—UDOHRETIVEBEL L,

234,200 DMEDRA R h85:15ICHEIL., 85% T#H53,570FAEFBICAL., FEICERALAVE
J15%D630EDHEAFAVWTRERIEEIToET 5, BRRBFABRENE LN, RRIICTEK L -#H
EFIOELWVHERR, BLUEROHRNT—4ICERLEBSOHRERRICDOWVWTHERROBICHRS,

Bl
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Discrimination of earthquakes and tectonic tremor signals by applying
a convolutional neural network to running spectral images

*Masaru Nakano', Daisuke Sugiyama1, Takane Hori', Tatsu Kuwatani’, Seiji Tsuboi'

1. JAMSTEC

EEOHE - HRESHERPEE AT — Y BARMORZICLY., - MERBEOEREEDICEW

T. BERME), BEBKTME, RO0—-) vy THEORAO-MEFEEL TWVWB I EELSMNA>TWL
%3, AOD—HEDEEANZALERAL, BRERREEZITZIE T, BEAMEOREAHZ XL EHHE
BRICOWTEENEEFZLHEFEINTWS, ZOHRTHEREHSIE. BRBEROPE-B L. LU
B2 7 FIE LTERNSNG, BEEBEBORTICIIEICTURO-THEESBAVWOSNED, TOFE
TIRBEOHEFNEABFICHRELTLES> LD, HEAYOSEZAVAEY, BRICEZFzvIIC&oT. &
FIRBEIDA Ry NEIT A BT 2HENDH S,

— AT, BRAEMSEESZOMEBEDY VFIVIEEHT 2AKEMS & MGRHEAIERY., ThSDBEHRIS
DUV EHRTESREEZONS, TRLE, KERMENIIEEDOMEE & kR TIOHZAZE LI T DIER KK
AHEML., TV T FILOBGERIIHTHU LS, O—HILAHMEE R TREBEY JFHILo T

3, VUFIICEEFNZEBRBRD & MGERHBEZRAKFICRIETZ2FEELT. SYZVITARI MDD

%3, TITEMRTIE. VUV T AR MLOEERRFHIC L > TERKEMEN S L EFOHMEE % HFIT 5
FEERFE LI,

ERICEEFNI2HBL-FHEEEETEE, BHL. HRTIRMELT EAAA=—1—FIbRxYy hT—7
(CNN) A*EICAWLN S, BEDOCNNIC L Z2EBRBETIE. Y7 FILOREIERD E ZICENTHRHET
ZDEDICEEEIT 2, —AMBEBDEHE. VI TIDBENZEL. §RHLEI VYV I AR NMUVEROEA
HOAMEBIFE I TEEDARWS, BEHEERSICOVWTREROYMEIOELREZRMLTWEED, ARBOM
HE (BEEOMABDAE) 2 7 FILOHICEERBERE DD, > T, AFRTREBROMAR (=
B ICIIMEBEREAFLE DD, BAM (=) OMEBICIKFEAZIIRV., IERBABEIGRRETFEEH
ICERL, BEEMEIEBEDOHMELHRT 2FE%FFE L7 (SRSpec-CNN; Nakano et al., 2019

SRL) .

CNNIC & Z2EGRHETIEIRE., BRICSIFND D/ FILOBEERE T 28HAABE., V7 TILOUBRE
EBRRTEEODT ) VIB, IhOSDBORAE Y T FHILOBEEMITETI SREABIOEHREINS, &
BEOT—) VOB, BROMEOEABIERL. Y TILOEEAERD EZICEBNTHEYICRMTE
B5E5ICHKT B, LHLSERRELSRSpec-CNNTIE, 77— v/ BAEGDOE () ABRDOHICER
T2ZZET, MEAE (BEER) ICBMNBREAE DL OIEBR L. TORNIBEDCNNE FELR S,

SEFAF L 7=SRSpec-CNN%DONETTEAI S N BERAEMEI L BEDOMES., / 1 XDEHE N SEKR L=
VZVGARY MVERERWTEE I, YU FILOHBIRBERME 1T oz, BEfIZ64x64E 2L &

L. #WAMIKER (225%) . #tAMAIEEREE (2-10Hz) ICX e 3, 2O, Z20&R S (KMB06&
KMD13) OF—4%132BICHVWY., HILLEASABINEI NS5 8E L EMaEARICHA W -,

7=, hBRDI=DICT—) VB AEBEBEDCNNERUCERE LIZIBEDY 7 HILHBIE T > 7,

ZDHER., BEDCNNDIZEIFERE (FABREEDOHT, BFANERE—BLTWBREIE)

95.9%7 > 72Dt L. SEBH L 7=SRSpec-CNNTIF97.4%ICH E L7z, EHICEBNRIA—Y 5 HEILT
52L& T, BIRMIICIILUDIEMEAEZEM LTz, F/oo BMALLEZDOEARDT—4ICH L. BBEHD
FY RD—=0EBVWTO T FIVHBI AT o7& 25, ERKRIF9.2%E. RIXYESWHBIMEERLE, DX
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Y, BRICBRARZRRAL TWARETOY /T O—RUGEHEFE L TWS o, SRRICH L VRIS
ZEBMLTHERDTEBEZPYETREIIARL,

AFETIEY T FILOEZEHRICEWT, YT FILAEBETAVE DY —DDEIRICERARY NS EN
TWBEdR, JA—RT—91EBELE, SBIT/ AP —RT—FIC8IT3HBEOR EICDWVWTHRET
LTWL WELNDH B,
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An unsupervised automatic classification algorithm for continuous
seismic records using a nonparametric Bayesian approach

*Yuki Kodera', Shin'ichi Sakai?, Takahito Nishimiya1

1. Meteorological Research Institute, Japan Meteorological Agency, 2. Earthquake Research Institute, the University of
Tokyo

HESTOESSRFILEICIE, HE, ANBKES, #E/ A XREDHRARERTELLZESIREHEINLTYL
3. INOLOESEBHMNICHY - PETEZIENTENE, MEFHMDETRELTWIEEN - EEENA
BABRKOBEMREY, VT7ILIAM LNEBICAVWTWSRHESTOBEANILAEZY ) Y IFIC DAL EHE
INd. KARTIE, INo~ADE—5H& LT, BEEBEZRAVCERKMRERZ BEIMNICHET 2 FEDM
HICRWHATWS. ExDHESORAREIIKRLZTHEIENDS, BEIT—IDHOLNLHEXETZIE
IFBEEY, HAIRLEEEAHRE LTFEEEBET 3.

NF - SEF (2018, HEZER) (&, TORTICEN LB RERBMARY MLERHEEE LT, BRHAE
BE L UREEE TEBREDISRAY Y V517D & T, B s 108EORRIT—YICHET S
FEAERREL, BARME, B8/ M X, Nv I TS50V R4 ANEENICHETRETHDZEHRLE. L
MLUARASAFEE, HEFEBTOIZRIY VT EFTIRICARI NIV IZRY ) AV TVWS EW
SBEmRDNHD. ARIKNIIVISRYYVTIE, DEINDISIRIEENANR—=NRFA—=45 LTHICE
ZABDBENH DD, TOEERET IRICERENLYBNAYEFZ. ZITEMETIE, PBOERBMLEE &
WEHZDH, /VRTARN) Y IRLIZIEFTILDVEDTHZERBHRETIL (IRM; Kemp et al.,

2006) =AW TCHEREMEED ISR Y v 751757, IRMIZERBEDISAIDEREEHFBLEZERETILT
HY, PBET—YICEDVWTENLR I I RYBPBHNICETEINS. LTHEREK BRIFT—42 <)L
TJ7ETINTER TS EREL TERITHNEERL, TDITFICH L TIRMAE@ER L 7-.
EEFEAEMeSO-netDEASEIDIM (JIldk - BEH, 2009) & L UVRRT DRBFEEHOBSDEGIFER =
TNO42A (1L - ft2, 2008) &1+ 57285 DESEH ek (HEIEZhEh2017F381~3H, 2004%F
9B22~24R) IEAL. IRMIC& Y, EJDIMIZT10TESE, TNO42AIZ6REED 7 S R ICHESh, 2E
F=HINC TS RABPEEMICHAEINS I & 2B L. EIDIMICEIT2hEE#KE/ 1

X, TNO42AICH I BIRBOKEZRRE L BERMEBNIB 4 DI ZRAICHEI N, —AT, ThEFIOES
EVTREERMICIE—T—DORBICIE R >THE ST, BHIZIXEIDIMDERE / 1 XILSTEHERRED 7 5 R ICH
MEENBEWVWLZENELKE. KUEBEBMICERLYTVWAEETZLHICIE, MobShiEZISR%E
ICEEDEFREVSLLEBAREICRDESD.
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Study on Site-specific Ground Motion Evaluation Models Utilizing
Machine Learning Method Considering Epicentral Directions

*Toru Ishii', Atsuko Oana’, Kensuke Wada'
1. Shimizu Corporation

BB ROMBRETMICL M LNMRESZBE L. HETHFRAPEUTE Sk EMESRAKHEZ
HEIT—5 &3 HMFEBICLY ., MREFOMESTEET VOERERM 2, BMRTIIMBREAHE
BRDT, BR - CEFMZERTEIENIA—F%2ANT S FHE] & L. BRAREN,OKD SN HES
EiRE TENER] &322 &C&Y, MEZEEMT THEBPEEZERL <,

HHEEICIK, ORT—RT714 VI EREREHAEDELFE ARBT—RT714 VI K] #AWVWE, BB
ZH] & LT, WEBORKINEEPGCA[cm/s’)6 & CER DA T[] TORRERh=5%DEEIRE HE 2N
7 MIV,S, [em/s] & RERERFTRE R XY MLTS, [s] (/35X —=%p1=0.03, p2=0.95) %#R&T L7z, KiR
BICRD ET—9BMNHDPCGAL S IE. ETIREEZRBOIOICEBFBICGEL BN LOT—99meR
EANE (log,,PGA, log,,,S,) KE#LTANLE, MFHE] & LT HEDE—XV T/ =
Fai—KM, BRRSHkm], EREBEXkm]. BERAMA [degree]z 5 X7z, NFEILZO0 & L THEEY
ICEDD, BELEBICTFEHEERDDT. BFLOT—FICIESsinNEcosANDRT A5 2 -, —HHED
T—95DH vy 7L TEERABKEZICK Y B L ZFICHEEEOBLLLEEESEWILY. 7
IADZEDOERHBED IFEE] & L1

K-NETERIRTKY028 T MHEEFFME T LTI OREFHIZET1~4IITT, NDOREBERFFICTS, TKRE

<. BHIC& > TRM,, - X- HERFU LI o7, ZOHITIE, FHlE SAEDLEDFIFIEH1.1. T0FE
FAX SR AR 2 (3 IRIE T 130.238, MBS TI20.188 T, FEMED K IEANEDFEDUARNICIRE o 7=, fiE
EOEHMERAEFETRONAN > LBRAMPHERGREZER L. hx - AREIChEESFEIELLT S
BFOEMR - EEMNQOHN - ML AT, EROZRTGBFEDEWE BELTMEE TV ICRBREE
DHEEMENDH S,

Al¢Big Datax 40 ETRE - KEDT — Y L BEROBOLNZMAREBICHEERTMET IV AEERT D &IC
ERERHEDH D, 5B T—YDHBICERTZETIVEEDT7 VNSV RAAHNRTEH-HDIX

P, TV AIBEICY D2 AME - KiIRIEHES - RIEBEMWESOTMLEDOIRENEELRS
D,
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Study on Ground Motion Evaluation Models for Kanto Region Utilizing
Machine Learning Method

*Atsuko Oana', Toru Ishii', Kensuke Wada'

1. Shimizu Corporation

HAZEBIN TW S HESRBRZHEIRARICEASINEREHRINZMEEFRETILOBEEZBIEL. £
DFFHRRETE LT, BERMAICBVWTBEICESONMESERZHEEB VT, EHEEICL hEEET
i€ T ILDVER & 7=

MRETICIE. BEARIZRMARFAADOK-NETD D 5ERMA ICBASI N /EESRAR138MR (K1) THELONH
Rio\FEAW, EHRNICIE. SRTFOEET—9XR—XT1996FE~2019F1B15HICEREEHNI4LULT
NMORFEBTFRARTEE2U ELEE R MEDS B, ARIMA TEEN RS MmN IERIC DR Vit
EEBRVWALT, ERBEEERMENMRYBZTAVE I ICRRNAMEZRAL, BIRLAMEIX. ERH
FERDIC—EEAICETEDL>TWSE (K2) , INSDMREHEDS B, MEE=ZRDERIRIEHRAEHT
cm/s*UEDEBSATOKEZRI DR T —9 5 BRL., T—4IC28FN3 /4 IPRELHBILT,
ICAWS Z EABEI AR A BUSRIR LR, #H5H11488F & o7z, BIRLAT—9 DERERHX
kmlEE—XY bTZF 21— FM,02HEH3ICTY.

EEEEE T IO EMNERIE. BAIEEPGAcm/s%| & DB TIS|IC B 1T B HEERS5% DBELERE K
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FEHBETILOE28BOTEES) . RESOMIEHSHKEEAVSI0m/s|D6fEFEE Lz, NFEILEZ0E L
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ZEODEAWIL Y, BMERICH T 52EFHEOREE 2R (H4) . M, OREEXEIEHICEX
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EEORIBTIL0.2FRRE. MERGEREETIX01RE T, IMIEDOXEIGEREOF/ESLURICINEY ., 24
ELTRLSETFIVMESNE,
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BEXHIE, RIBAEEERE T HHMEESITOOKRTEHAT25AEE2ERBLTHREL. FL— MERMEIC
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Room C | Special session | S22. Potentiality of Machine Learning in Seismology

[S22]PM-1

chairperson:Yuki Kodera(Meteorological Research Agency, JMA), Takahiko Uchide(Geological Survey of
Japan, AIST)

Wed. Sep 18, 2019 2:30 PM - 4:00 PM ROOM C (Research Bldg No 8 NS Hall)

[S22-10] Improving the symmetry of ambient seismic field correlation functions with
machine learning
*Loic Viens1, Tomotaka Iwata' (1. Kyoto University, DPRI)
2:30 PM - 2:45 PM

[S22-11] A hybrid approach of Machine learning and Ensemble Kalman Filter for
estimating frictional parameters in Nankai megaquake cycle simulator
*Yu Yamamoto', Kazuro Hirahara', Hirotaka Hachiya1'2, Atsushi Takahashi', Naonori Ueda' (1.
Center for Advanced Intelligence Project, RIKEN, 2. Univ. of Wakayama, 3. Univ. of Kagawa)
2:45 PM - 3:00 PM

[S22-12] Acceleration of matched-filter search and slip inversion of deep tectonic
tremor using nearest neighbor search
*Naoto Mizuno', Satoshi Ide' (1. School of Science, The University of Tokyo)
3:00 PM - 3:15 PM

[S22-13] Machine learning of postseismic deformation of the 2011 Tohoku-Oki
earthquake based on recurrent neural network
*Norifumi Yamaga', Yuta Mitsui® (1. Graduate School of Integrated Science and Technology,
Shizuoka University, 2. Faculty of Science, Shizuoka University)
3:15PM- 3:30 PM

[S22-14] Automatic detection and classification of the uplifted marine terrace by
clustering DEM dataset
*Junki Komori1, Ryosuke Ando1, Masanobu Shishikura® (1. The University of Tokyo, 2. The
National Institute of Advanced Industrial Science and Technology)
3:30 PM - 3:45 PM

[S22-15] Investigation of Prediction Model for Engineering Geomorphologic
Classification using Convolutional Neural Network
*Sho Akagi1, Toshihiko Hayakawa1 (1. Mitsubishi Space Software Co., Ltd.)
3:45 PM - 4:00 PM
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Improving the symmetry of ambient seismic field correlation functions
with machine learning

*Loic Viens', Tomotaka lwata'

1. Kyoto University, DPRI

Seismic interferometry is a well-established method to retrieve the seismic wave propagation between a
pair of seismic stations. Under the assumption that the ambient seismic wavefield is equipartitioned, the
correlation function between the two sensors should yield the inter-station Green's function. However,
such a condition is rarely fulfilled on Earth, as the ambient seismic field is generated by uneven
distributions of sources, for example from ocean waves at low frequencies (<1 Hz). This uneven source
distribution generally leads to non-symmetric correlation functions which can also be corrupted with
non-physical wave arrivals. We focus on one year of continuous data recorded by Hi-net stations located
in the Kii peninsula, Japan, and compute correlation functions between station pairs using short 15-min
time-windows and stack them over 30 minutes. As the source of the ambient seismic field varies through
the year, the raw stack of correlation functions over one year is strongly asymmetric for most station pairs.
We propose to use machine learning techniques (e.g., Principal Component Analysis (PCA) and
autoencoders) to reduce the dimensionality of the correlation function dataset for each station pair. By
selecting correlation functions from the latent/low-dimension space of both methods, we show that the
symmetry between the acausal and causal parts of the correlation functions can be improved. This
additional processing step could help us to retrieve a better approximation of inter-station Green's
functions, and therefore be useful for imaging purposes.
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A hybrid approach of Machine learning and Ensemble Kalman Filter
for estimating frictional parameters in Nankai megaquake cycle
simulator

*Yu Yamamoto', Kazuro Hirahara'?, Hirotaka Hachiya1'2, Atsushi Takahashi', Naonori Ueda'

1. Center for Advanced Intelligence Project, RIKEN, 2. Univ. of Wakayama, 3. Univ. of Kagawa
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Acceleration of matched-filter search and slip inversion of deep
tectonic tremor using nearest neighbor search

*Naoto Mizuno', Satoshi Ide'

1. School of Science, The University of Tokyo
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Machine learning of postseismic deformation of the 2011 Tohoku-Oki
earthquake based on recurrent neural network

*Norifumi Yamaga1, Yuta Mitsui®

1. Graduate School of Integrated Science and Technology, Shizuoka University, 2. Faculty of Science, Shizuoka
University
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Automatic detection and classification of the uplifted marine terrace
by clustering DEM dataset

*Junki Komori', Ryosuke Ando', Masanobu Shishikura®

1. The University of Tokyo, 2. The National Institute of Advanced Industrial Science and Technology
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Investigation of Prediction Model for Engineering Geomorphologic
Classification using Convolutional Neural Network

*Sho Akagi', Toshihiko Hayakawa'

1. Mitsubishi Space Software Co., Ltd.
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