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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
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lZC®IC

BB NS 7RWVSEAFRAL 74 )V EVBTL— M BUBRLEAMEZBIZEI L, ROEAMERENE
BEhTWws, SACERANICEDOVWT, MBMN S 7ERMBERES (/)L IaL—Y 3y (ECS) MIRD
THhTW3, LHL. ERMRTE, BENASA—SZFHTHEL, BEFN S 7EAMEREZBEL L
JELTWBA, 200F"90F & RE K EFY HMERREE 5> £ <HIERTE TV (Hyodo et al,, 2006),

ZIT, BHELHERRESRAT Z2ERNS A —Y HEMNICIERT 5701, AFRTIE. BHEZEED
Za21—SIRY 7=V (NN)EBRT—YREILFEED—DTHBT VYV TILAILYY T 14ILY(EnKF) & %8
HEDLELNAT) Yy RFEEERRTZ, BRI, >IaL—2avIlL2MBOITRYEEBREN SE
BRASA—95FHT2HEHEERL. BHFEBEAVT, AENRBREBNRSA—9DHEHET S, 5
12, BONLEBNSX—9DWEENKFOMET7 VY TILICAWT, EOEE NS 7EXMEBED S ER
NS A—=5 DEBIEDFHEKRD B,

FROLIFRBEETEHZBH, ECST—Y EEDBEB NS 7EAMBBERET — 9 ZAWEMABRMI EILE
TIEBREZBL T, REEVSRICELTZ2EOEBIN S VEAMEEZ L WVERICBRTZ2HREMENHZ
E&ETRT,

T—4 & MRFE

BEOECSTIE, 7L—MNERAEZBRAT A AL VHIAWEILICDEITZH, ZRLEFEIXNDBETH

%, TIT. AARTIE. EEMZ7AVO 7L — MNEREORIEHEE I XV N (B8 - REE - 5E) I

Wihd 2EEERE2ET 2HB3ELETILEAWVS, EFEMICIEK. TL—MDTRY KEBISEREIREKER

2. FEREBEHOFBRRIEIRAO—RZBIUIHKED & L (Dieterich,1979; Ruina,1983) . ##HH
(Rice,1993) ICEtE#1To7=.

EEIDOEBNRSX—4ICH 0T, HENICHEY A VDT T B, £z, BEARASX—9DI5, FAHRE
TlE, ALZEEL. BEFIEDXBTEIMNT Z EICKY ., B-AZZEELIETWS, BENASA—YUHNDETE
INTA—YIEET 5,

EDEBN S VEAMERET —41E. T400FICRAMERERDOADRHRIIT—9 TH 5, FKEFH

© BxEZS -S22-11 -



S22-11 AAMES22010EEKTAS

(TP) BEUTRYFR (SP) REL T, HBREHOTAWBEREL, BEREBET— 5 ICRWEL
F— AL BERE T — 5 BB L, Eh, TAYRGHEIE—EL LTI RYBET -9 ICERL
TF—9 & Lt, BT 7EAMBERECEZORENTRIGHET —5 bETNBD, FRHGHE
F—YEEC/EERVBAORIA DY EERLL2568Y OBEE AV,

TT, MEEBARAWLEITICOWORRS, BREIILICES 1T 2hERREEBERAS XA —9 EDORERICED
&, 3EIDBOY VT v IEEIEENEFN0.625D50.85, 0.6H50.82585 £ UV'0.6H,50.825 (MPa) &
L. ZLT. YV 7Y Y JEM%0.025(MPa)El@ Tl A&, #8OAED Y I al—>avitdly, FEILIC
BUIDZITRYBEET—Y EEBNRSA—YIB—ALDRT—9 R L. TRYEET—F ICHERIBHTOFEX
ThHa3EER7—)IEBRFFMEZBVWTREREARYI NS AICE#RT S, LT &894 Y RUTREREBRARY
NSLADERAEEZHMEL. NNOBE#HEE L, ZhiC&Y, BEASX—9B-ADEHOHEAZITS, HE
D AKEREMETEIENTE S, EERICIEK. HEOEKEROFHEN L., WERIERNIA—F%
WEYT S, FHMAERFICIE, FBELAETILAFERLT BEOmEN S 7VERMEBET—9 06, BEE/NRS
A—GEWET D, BERNRIA—YOWNMELWET 27010, DETREBNASIA—SDHELHE
L. IERENABERELLDIRT 2 2REDONNEZ AW 5,

RIC, EnKFERWEBITICDOW TR S, 2568 Y OREMERRET — 9 OMBEBICLIVHEES N ES
256BDMEBT vV TIEE T 2, EERERIE. 2EME LTEEN S 7EARMEBE L CTHENMRE L
FTEFIRET S, EnNKFICB T BEBNIA—YDIFERIZ. RRICFBHLEEBEBNSA—5DT7VH YT
DIEHET %,

BRMICTFRALEZELZNFNOBEAYZY I 2L —YavIC AN, S000EDDITRYFEEARDD, FL
T. S8000FEDDIARNYZEELNS, EOEBIN S VEAMEBEREE OMERERFEHRE TR LMEBEDH
ERERFEHOREDAFIREICAD1400F2IEL. EOEEN S VEAMEBREOMERERFHE
DREEERT 5,

HR&EE

B.IART EIIC. FRTEHINARBOLBHNAZ LERTES 2EAMEIX. FIGMBEFEEREN10FELL
TOBREICHZZZENTETWED, ERTEHINCERNNSLERTEZ2EAMEIHET 200 H#
L

ZhiE. NNOF#EE LT, hERRORAERZAVWTWSH0FDOLRI/NE LEREHET 5DH
REICR>TWB I EDHIFON D,

© BxEZS -S22-11 -



S22-11

B T
REE -
55 -

© BFREZS

BAMEZR2019EEKERR

ENEEFZ 7EXMEERE FH L -thEERE

G. 1L \

A L

. L= B
— Time[year] = Time[year]




S22-12 AAMES2201 0 EEREAS

RIABERRZAWEIT Y F R I 4L —EFRHMEMIT AN A R—=2 3>
D =EL

Acceleration of matched-filter search and slip inversion of deep
tectonic tremor using nearest neighbor search
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*Naoto Mizuno', Satoshi Ide'
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Machine learning of postseismic deformation of the 2011 Tohoku-Oki
earthquake based on recurrent neural network
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Automatic detection and classification of the uplifted marine terrace
by clustering DEM dataset
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Investigation of Prediction Model for Engineering Geomorphologic
Classification using Convolutional Neural Network
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