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Generalized asymptotic ray theory without high-frequency
approximation: Application to singular regions of seismic wavefield

*Kiyoshi Yomogida'
1. Earth & Planet. Dyna., Fac. Sci., Hokkaido Univ.

BEROMEREIFORRICIE, FOERRIER (asymptotic ray theory, ART) AELASHSNTH Y., KR
DREEEDOY A ALV NSWREDFHET T, BHAEBICAKISHAINTE L (e.g., Cerveny,

2001) , EEREDER EHMBENFEOBRAEEINETETIENY DOH2EDOD, SFEKMEE TOER
EROBRPETIVEICSIT2ARTOEZEHRT L 2EmE>TWVD, (MEBEREINI MIBELTHELEE
THH DN, TITERECITTB(1NRDODRAT—HKLMEDLARV, L. AHROETERERITZOEE
BRATE %, ) RERDARTTIERAKEomegall BW T, ERFtaull K 2MEEN EIRIBORZERFD(2)KXD
REREL, BMEROLORE L Tomegazc KEL L, REFEDLEMIALITEEZ D, 25 LT, MEEHS
DIRARERS & EFFDeikonal equation &, IRIE% JRE $ Stransport equation 1§ 513,
TERDARTAEHA TE A WEEMBRIE (B - ERKPEODED. edge diffraction) TldomegaDEH DR ZFETIE
L, BFRIESNBIERICITomega? P hETH B ENDMN>TWS (il : Table 0.3Mcanonical
signals, Chapman, 2004) , #Z T, AR TIZQ)RD L I BREFERAEZH SDHOICHVWEWEEEZ

%3, (NREREEDARILRDT, ZO—RWEED—DTHLIEHDBSZITERA W, FL-ZORICENZEXTE
EHICHFRENE S Z AW,

FTMOTAE LT, QRXDOL D ICEHIBT 5, KEEH/ambdaz N L T, tauExiZ2O2WVWTODOEA)RXD=D
MN"ES5NB, EDARTTIElambda=-omega® CR)RD 7 — ) TEMICHIST B, I TREBEREL
T, ILICERBELTRD, —KfRldlambdal & DRDEREDLEDGB)REMRY, ARTTRE 7 —1) THE
Il & ZEEEMEBOBRORIBICHIET 5, RIS, REDARTO)RD—Kb & L TEERBEEB TITEL < IR
BT DAHDBLZ. B)REZELBE LTRET 5, AR, tauld ERFICHINT 2@ &A%, h
HAD2BBORICKAT R E, RMEEWAS(7)E@)D2DODAMNESND, TITHRFAITREIE, 2D
BIETIFARTD & S IComegaD KERIEEHR > TV (BRAKIBIR) EXODELREIISEEFNTVAVWRTH
%, (NNIEHELDE 2B RIFIE. ARTDeikonal equation&, (8)=Iktransport equation&EF—& A > TLY
%, (7)RE 2 HIFIRIBADZER] 2 BEMIS & nu® (ARTTlomega®) IC& V. BRERIEIR TIRIENA A E < Z2RIZ
B SREBHLUATIIERTE, ARTE—RT 3, T4bb,. (7), Q)XIFARTO—HILTH B Z & hbh
%,

LD L. INTIEERtauERIBAD DY TIL LR T, FEETH D, €I T, EHEEELRROBFERKD
DEFftaus TNICER T Bray-centered iR (q,, q,)=EA L (Cerveny, 2001) . XD LD BEH B E
LT, (7), BRICKAT B &, FBREEEmuERAWT, (10), AN)RANMELND, (10)RLY. FLW
eikonal equationlZ(12)X D &L S IC4 %, ZZT. DEAFOI)RICHKD ., FDeikonal eq.D(7)X & LT,
T=RN2)ATIIIRIBICK > TEFH T ZIEDH. ERftauE TOWPDHFTERIEEIND, DEYEROADTELRIC
PDELIERILTHIANBEETH D, (10N IEREDtransporteq.ER LK. (14) KD K D ITKERD L
HHHEH Y JTIRENHETE 2, REDARTTlEomegatMERADIALLE L THEBE T/HEODRED
HolD (hFtauDZ T T UICHBILERT Z) . T TRZORNEZRSRWDhIBREARY, &
OR#NEEIND, ZORATIEERSERBICYU-Z2ERXEEHEEIRT 522 & T, BEBE THEENLRE
EHIKEEERATE S,

© The Seismological Society of Japan -S01-01 -



SO1-01

O*u(x,t)

008 gty () ot - f_i; Al o g

o(x,t) = ux)f(t)  (3): ‘(’% = \f, Viu= C%u (4)

v(x,t) = f A FENu(xA)  (B): u(x ) = A(xA)e? "N with v? = |\ (6)
(Vr)? = —Sf;gj;) :—2 V;A (7) : OVr - VInA+V2r=0 (8
Aaue) =GMH@e)  0): =G =h=-V7/2aV7)?® (10)

V2H = ( 8‘?;2 + a%) H=vuH (11): (Vr)?= _ngg") + DV(; ) (12)
D(r) = (Vr)? Bf - hﬂ} , ‘i Inh=Vr-Vin [V27'/(V7')2] (13)

G(r) = G(0) ﬁgg J(7) = J(0) exp (—z fo ' h(t)dt) (14)
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Statistical characteristics of seismic velocity changes (3)

*Hisashi Nakahara'
1. Graduate School of Science, Tohoku University

IEC®HIC

WERTHEICEDEHMEREEZ(LOE=ZY ) VI %TW, HMEPKUBAXICESBEEBRHETZICIE, E
HIFOIRZBWVWAEMRL, ZOMEANLRFHEIRICHARTBEIENEETHS. HE (2017, 2018, &
£HICHEFR) TlF, BAOEHOMBICH L TROONAMERERELLDOLEROBERTRENMEAETL
. LHOLZEDRR, HEREEZ(COFTIEOREZLIEER L TWAEN LD, FRAEHREDH LY
E LD BRBELMICHELRIFTHRMEN K >/, TITERMAETIE, BAIhHEREELZLD
o<W EELTEIHRNDEZERDODEACEIF (AR) BRETETIEL, BAEE ZDEE DREDEERTZE N
EHEARDZEICLT.

T—4

fRHrICIE, Wangetal. (2017)IC& W BALEOHi-netBllmOERT — 9 AWV THEI N HEREEE
{bEER L. 0.15-0.9HzDEREFICH T Z2IRDDHEEEET Y VILDZ T4 4 1-60sh 560 s DI %
AWTERBHI SR TOMERRENFEINTWS., SRS S30kmUADER R EDRT I 21EEHEE
FUVILNMEDNTWS., HEHEBT Y VILIRSDA—F Y EEROENARTEA WS Z & T, HWER

EEZEOHENLEILINTLS. Wangetal. (2017)TlE, E&ithAHEAEICILETRAI480RICE W TIE

2008FH 5201 2F AT TOHBEL TS, EERAI214RTIE2011HEHL 52012520 T OB L T
Ihi-.

ARBREICK 2HEREEZILDET ILE

FE (2014, HEZR) &, BRAShAHEREREZLOIRY MU KIY hOE—ZE (MEM) I
EO3XTo7h, KR TIFARBREDRE A 10U TICHE L TARRE#EHE L. TOERAK, Slshi
MEREEECDP > W E LEEREETIVELIZWEZDHTHS.

ARRTIE [EBR] OMEREELCOBRERREN R LA WD, HHEICLZBEARTY TELELHIR
SHABVWHREOT—4 %#F A L7z, LRAOER R TIE2009-2010FED2F[E, EAEAIOERRTIE
2011-2012FED2EMERBATL. BREN SARBETETFIEIhEEELFIVWZRKEICRLT, EHF Y
TEICEVEIDEIBRAIAERTOY MEERL, TOERUEEHRT DI EICIYHAIRDTHICHKED H
EIDEREAR. 700 EVTARTOERRICH LT, AVAEEXRIOY NETOEREI MBSO TEVWZ EH
o7, Thik, HFE (2018) THRELLERIC, FEROMERREZRLATI RADHICHE > TV LR
ELTHELIWZ EEEKT .

EEME=4 )V JICEITT

SEDOHERNS, TEROMEREELTLOTHELZEREoHNDNZDT, FIAILEEEFHELS0ICFE
BT D&, ThEBIDERIIAIZADHICEDEN0.01%EEEMNICSHETE S, I SICHBMIERLT
BIEABA2E, ZTOLIRERIIISICINSLCRS, DEVEEBNEDRERTHIINEERNICKRIRTE
2Z8IC0%. BEEAWVWSRZEICKY, EZ4Y VI EEELTE, BRINREFTRMEAREICKS. £k

ARfRENIZ, BASRALIOMTEEDIFERESATWVWSEEZ LN, BASICL > TIIRAMERBTEELTWL
LEBEMEN R I N,
ER)
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AR TIE, BARALZETKOONATEROMEREREZ/LDT—FICDOWVWT, £FTEROARBETETIVE
L, ZIDLDREREDHREEENERD. TOBER, IRTOBURTEER AV ZADH/ICHKD 21D
Moz, ZOHERIK, SHREEMDNODHEMAE=FY VIV ETIBRICRARTHZ. BEEXHDICITEEE
MzdzE, EELTDICIEHREBVWSGZE, OEEHEWOTRH#L .

BEE JSVR-TIN/—=TITILTRKEDQiIngyu WangKIC IS, MEREEZ(ILOT—9 &HRMHELTWEE
W, ZZICELTRERHWELET
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Comparison of Stress Tensor Inversion Methods Using Seismological
Data

*Yukitoshi Fukahata', Takaki lwata?, Keisuke Yoshida®

1. DPRI, Kyoto University, 2. Faculty of Life and Environmental Science, Prefectural University of Hiroshima , 3.
Graduate School of Science, Tohoku University

BT —9 2 HICHBOISHREAMET DN yNN—Yavid, EZNT—9 MBEERBDA
M) #@BFT2IENBRI—DMLED. Z0%. HEZNT—IDFEA~NE., ZOBANKELLELA>TWL
%5, Lo, BT —9ERWEIEAOA U N=UaVIIZiZWL D2DDFEELNHY., TFNFROFENED
EOBBERICHZDOMNDASHINTAN o7, FHxlE, BEFENMKO TIADREBICIIBRY.,. TODEWVWPHREIC
DWTERAZREDHIDT, ZZICHRET D, Ad. FMICOWTIK, [FPMTEEAR : %5132

2] ICET 2 HEMEDOFESE 1S (2019F10A5) ICBH NS MMMEENT—9ERVWEZRAA Y
N—=y3v] (BEF:E5H. SH. 3l 28RLTEZERLLW,

WEZHNT—YERAWVEIEAA Y NN=U3 Vi, AW T—9DEWVICEY, 3BHEICKRIENSG, AH=ZX
L\ﬁ@b\"o@ft/ﬁ WFr—8&5HAWS BUT—9A4NRN—Tay ] . PRUEOBHET—92AWS [PRAE
F=YAVN=U 3], MEOCMTERERAWS ICMTF—4%94v"\—=Y3v] Thb,

BUTFT—9AN—Ua3 v EPRIEIT—9 4 NR—Tavid, THBZEICHTBEEBYIE. ZOEAICEWNT
BIRFIS I RAE B AMA (FERISHAR) ICELS] &9 %Wallace-Bott (WB) {REi% HICEANREE
L’Cﬁéﬁ LTW3, AT MBHROMEZELCIEALGNEN—E] EWVWIREEFEIMICE Z2&IC&

. EBOMBEY T—YICLERETREDLE, TRABBAGD/NNSA—YEHEEEKYIAL, DL
L_\ mEGEBORE (WBIRER) SIRE (SAB—E) ICEOVWTHY., EXMICBAEFEELEZS, TD
AEDOREMILEWNL, BYT—9M =V avid, ERT ISV AXNZIXLBERDD—
H, PEWMEIT—89 4 N—2avid, XH-XLBEREAETICHGNBEEREET 2RICHD, 1V
N—3 a3 VR TI, 7&6/\(1/927‘ 4 (BT LOMBARLVEREOSERNT—%) IEVWEDEREITLE
FAHREWEVWIRRBIAHY, BYT =94 N "=V a VL YEPERIET—94 v N\—2 3 VDAD, REN
Lﬁﬂf\ﬂé(‘:%i'\ohé R, FIEDOFETIE, MEMOBRS KUBORETMAERLRERE RS
D, BETREZNSORMBIRIRENICERINTWS, ZO—A, BYT—94yN\=I 3 VIZSHEERNN
SLETORBLERVWEVWS AN H B, R, BEICEIBONNIEIVEBEICE, BYT—91Y
N=Ia3 YV TRWEEBZLNZD., LUBEICIEASERDEZWGEICIEPENE T —9 14 v/ \—Ta v EH
WBRELES S,

—AH. CMTF—=4 14 vN=yavig, HMEICLZEABBDZDOHEDISHTICLEHIT ] (Terakawa &
Matsu'ura, 2008, eq. 12) & W EZ #HEKRBICIEZA TW5, BB, GI2F %D, HEIMBE L TDEYE
BTHDEVIVWHIEIVO0AIEICGEELTWS—A, CMTT—44 v N\—=Yavid, HENERINLE
NOBBBRTHZ VW WHIET/7O0RAEISEELTVWEEVWIBVWIETERELTHS, LT, %
DEBEOEVSSJREL T, CMTTF—4 4 U= 3 vid, BB —EDREHINTE, WEEMDEROMLEN
BV, EWOIENCEEERE D, ZO—AT, NMNIEOBEITICETEEAIEICMA. BEAOEEDLHNE
B TRWGEICETRRNAEERFREABND I EDONA T RAE=F @BIABELNTLEI EWVWOBEEE
ZTW3, FEHBE, CMTT—ID+2ICHY, P OBEDEFEAUDELNLKHRYIIDOH D WIEHEI R
BHEBEOAAEEELZAVTWVWS EHFINDIHEICIK, CMTTF—94 /A= U 3 Vb 2 FEE R
BhTWdEEZIONS, BHlZIX, BERIEDEEBOKG%HTE L -Terakawa & Matsu'ura

(2010)l&F, CMT7T =494 U NR—=UaVHhBRETIEBATHS D, ZD—7, HLEHIIRWGEE O

T, CMTEENRE 2 & D BLEBHRELRMBEORERLS D ARN Y, HEIWIHEOAZZE OHFEH
ROTHEELEZY LTWBEIRIFEICIIEK, CMTTF—9 A VvN=V 3 VidhFIYBEDNTRVWESS, &5
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I, BUAEEADRL, AAZXLEAERDDZEHLHLWVBEICIEK, PEIEIA NN—S3 VA BRATWS
EEZoND.
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On the Optimum Solution of Bayesian Inversions

*Daisuke Sato’, Yukitoshi Fukahata’

1. DPRI, Kyoto University

e DU CTRONDIEEMBIELICLTEVED ., ARRTHERRD LI, ETU/ASA Y DERISH
EHRAARRNERRICEATISATE, ERHEEEOIFHEEORER) EF2LODETNAATASSE
SUBNIAYDEEEIF—ETIRHAWV, RARTHE 2 FRFIC, kB THET 28RN ERBBRE
TRBRSNIUREBICERZE T, IOBEICRBREZES O DMETZNERZRAS ML,

HhERNIE CHRIE A IR O BRICIER A ZHEDREADN LK AVWSLNDE, XA IHETIE, BHT—9EET
WRS XY DEBRELRTZEAARRAE, ETINASAYICETIENOHELARA XOEEAAVTES
L. BEDMEEHRT %, I5IC. IR ZEMENZBEHTIE. ETUNRSIAYDETDHERET S
BRZAZICDOVWTEZDEHRIDH (BFEOMEMER) 2EZE L. ETNNRIAYEBNRATASICET ZH
BRIEROMAEEKYT %, HEL. ZLD7ILRA XOENTIZ, BEASME L TEBEREBILMA (—KD

;) PRAVLNTEY. ZDHE, 7IRM X LBEIPHEZERLBRVARA XL T, ARFEERSHOREE
ERALICAR S, COEEDPTEDISETINTIAIBLVBNATAYDRBIEEZSDICITIFROBHINIBEE &2
%, BHOAERITEBETIERL, PRLCEEIDDRBEBICNEFTHVLNTETWS, £3 10BN, @B
FAIBLVETINRIAYIDERBEREAMAP)ZRBEEARTEDTH D, ChidREERNLFEE
EZ%7225, ©I128, EFINRSGAYEBR TR EICLY, BRATAVICEALTABEINEZEESD
mERD, ZTORKBEERBEEETZEVWIEDTHD, FthM XBFREEZEABIC)ZDEDTH Y, HEK
WIE TIXBIA < W ST T E /= (Yabuki & Matsu'ura, 1996), %, ABICTELNBHB/RS X Y DHEEMEIZ—
BMEEEANDEHTINERE)E WO BN-HEEAF DI &M S5NB(EM, 2005), ZLTHI 1D, HB/IS X
SICEALTERDGEBLITBZEICEY, ETIMNRSXAYICALTABEL-EELGEZAVWEZEDTH
%, Fukuda & Johnson (2008)% E 7 IR AWE%IT > TWBHARTIE. LIFLIKZDEENMEAVLNRTL
%3, (ZDe, ZOFEICLYRBEEEHETET S &%, MAP, ABICEXE L TUBERM T IS X & W
o )

MAP, ABIC. R TILRA XiE, ZOHEEHISDIESDEDDHEER(DE L E) 28D, < ORBETL
&I RERA 52 % (e.g, Fukuda & Johnson, 2008), LM L. ETIUMNSAYDEEZ L LEHBEICIKT
NODMBICIHABLRHEINELCD I EARERBLADTRET 5,

FTEBHRBENDHTO IR IHEICEAL T, MAPBLUREHN IR, XTORBER(BLIPES D=
DD DEITHRIE Z RV REREICH L TEE L, BHLUABFIENS, ETIANRSAYEHEET—YE8
HENAKELRBZIZON, ETIATAYICEL TREN IR ZOHEEHSMAPOHEEEICEHI—HT %
ZENBLMNER ST, EIHIC, ZNODEMIB/INT A Y DEIZABICICL 2HEEEEL >TWE I ENER
HInr,

RIZ, ABICE ZNLADIFEE THONI2DDERZHEMED DB, &5 LA RWHEED % synthetic
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An application of extended Kalman filter for ambient noise monitoring
of seismic velocity changes

*Kiwamu Nishida'

1. Earthquake Research Institute, The University of Tokyo
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Full-waveform Inversion (FWI) approach to the imaging of geothermal
reservoirs

*Junzo Kasahara'?, Yoko HasaHa*?, Haruyasu Kuzume?

1. University of Shizuoka, 2. ENAA (Engineering Advancement Association of Japan), 3. Daiwa Exploration and
Consulting Co. Ltd.

Introduction

In the geothermal development, seismic approaches have not frequently used. There are several reasons
for this. The first reason might be the cost for doing seismic reflection survey in the geothermal field. The
cost of seismic survey is thought to be more expensive than the EM and/or gravity surveys. In the oil
exploration, costs for surveys are less important because the profits by oil and gas are huge. The second
reason is probably difficulty to find the geothermal reservoirs due to complex geological circumstances
and weak reflection signals. Usually oil/gas reservoirs tend to have large impedance contrast to the
surrounding layers. Our approach is to use the temporal change of physical properties and location of
reservoirs. By use of temporal change, large seismic property changes could be generated. We assume to
use stable seismic sources enabling us to do long duration stacking enhancing S/N and full-waveform
inversion method. In this study, we show the result of simulations using full-waveform inversion.

FWI imaging of geothermal reservoirs

To estimate the physical properties at the geothermal reservoirs, we applied the full-waveform inversion
(FWI). Among many FWI methods we used adjoint approach developed by Tromp et al (2005). In the
survey, we propose to use fiber optical distributed acoustic sensor (DAS) receivers along the borehole. We
carried out three simulations: 1) a seismic active source(s) placed in the borehole and supercritical water
reservoir at the 4km depth, 2) more realistic field study model and 3) natural earthquakes surrounding an
igneous intrusion. In the first case, we used a geothermal reservoir model at the 4 km depth. We examined
three source locations at 2km buried source depth. In the second case, we used a case of more realistic
seismic observation system. We used a single force, surface seismometers and DAS in the borehole. In the
third case, we assume an igneous intrusion with the top at the 4km depth. We tested nine natural
earthquakes surrounding the igneous intrusion.

Result

First case: The reconstructed images assuming three source locations of 5 km, 3 km and 1 km from the
drilling borehole show satisfactory retrieval of the assumed zone. The 3 km location case gave the best
results. The Vp, Vs and density were retrieved as nearly the assumed model at the almost exact location
and thickness.

The second case: We used two steps for inversion. By the first step, we estimated location of assumed
reservoir model and retrieved appropriated shape and location of the model. Using this result, we
calculated physical properties of the model. The result showed that Vp is partly estimated but the Vs is

poorly retrieved.

The third case: The surface of igneous intrusion was imaged for Vs, but the smearing of intrusion was
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identified for Vp and density. Recovery of physical properties inside of the intrusion are not satisfactory.
Discussion and Conclusions

The result of FWI strongly depends on location and energy of the seismic source(s) and the location of
seismic observation system(s). The aperture of seismic system is important. When we consider any
realistic study field, good aperture coverage is difficult to be satisfied. The poor aperture might lose the
FWI performance. Compared to the controlled seismic sources, natural earthquakes are difficult to choose
the locations and size. Although controlled sources are mostly less energy, we can enhance the power of
seismic waves by long duration stacking.

Acknowledgements
This presentation is based on results obtained from a project commissioned by the New Energy and

Industrial Technology Development Organization (NEDO). We also express our great thank to NEDO and
officers in NEDO.

3km: Vi 3km: Vg 3km: Density

330 1 0 35 ¢ = [0

= ) i 0
& L 1 -l & 4f g af
2 4 - 2 g — 5 -

;,
&
&
.
&
PRI
-
&
Luba

L L . L L . '
5 55 6 65 7 75 8 85 9
X (km)

L L f i L ' L L L . L
5 55 6 65 7 15 8 85 9 5 55 6 65 7 75 8 85 9

Figure : Simulation result of FWI model-1 for the source location at the 3 km distance from
the drilling borehole. Left to right are Vp, Vs and density.
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Effects of quasi-laminated random heterogeneity on surface wave
propagation and apparent radial anisotropy

*Yunao XU', Kazunori Yoshizawa'?, Takashi Furumura®

1. Graduate School of Science, Hokkaido University, 2. Faculty of Science, Hokkaido University, 3. Earthquake
Research Institute, Univ. of Tokyo

Large-scale tomographic studies using long-period surface waves have revealed strong radial anisotropy
with faster SH wave speed than SV in the upper mantle (e.g., Nettles &Dziewonski, 2008; Yoshizawa &
Kennett, 2015). It has been well know that such radial anisotropy or transverse isotropy with SH>SV can
also partly be generated by horizontal finely-layered structure (e,g., Aki, 1968). Some recent body-wave
studies (e.g., Kennett & Furumura 2008) have suggested the existence of randomly-distributed
quasi-laminated heterogeneity in the lithospheric mantle, which is required to explain the observations of
strong high-frequency coda waves.

To investigate the effects of such fine-scale laminated heterogeneity on the propagation of long-period
surface waves, we performed a series of two-dimensional finite-difference method simulations using
velocity models with stochastic random heterogeneity with the background velocity from IASP91 model
(Kennett &Engdahl, 1991). Following Kennett and Furumura (2008, GJI), we considered finely
quasi-laminated heterogeneities with RMS 2% velocity deviations from the background model in three
different depth ranges; (1) Moho™100km (equivalent to oceanic lithosphere), (2) Moho™200km
(equivalent to continental lithosphere) and (3) 150km~™250km (equivalent to asthenosphere).

The velocity deviation is controlled by a von Karman type distribution function with a Hurst number of 0.5
and different correlation scales vertically and horizontally. The vertical correlation length is fixed to 0.5
km, but the horizontal correlation lengths are varied from 10 km (as suggested by Furumura & Kennett,
2005) to 500 km (equivalent to a 1-D velocity profile as the lateral variation is smoothed out.). We also
used three different event depths for our numerical simulations (5km, 50km and 100km) to check the
effects of source depth.

Then, we measured average phase speeds of the fundamental-mode surface waves using inter-station
non-linear waveform fitting method by Hamada & Yoshizawa (2015, GJI), using about 100 synthetic
seismograms located at the epicentral distances between 800 and 2000 km for each model. Through the
comparisons of the average inter-station phase speeds between different models, we quantitatively
investigate the effects of finely-laminated heterogeneity with various horizontal correlation lengths on
surface wave propagation, in particular, on the phase speeds of Love and Rayleigh waves.

These numerical experiments suggest the strong influence of the horizontal correlation length of
quasi-laminated random heterogeneity on the phase speed drop of Rayleigh waves, resulting in the
generation of apparent radial anisotropy; as we employ the longer horizontal correlation length, the
apparent radial anisotropy becomes greater. While the Love wave phase speeds are less affected by such
quasi-laminated heterogeneity at any scales, Rayleigh wave phase speeds decreased more than 1%
compared to the isotropic case in the period range 50-80s for the heterogeneous continental model
(quasi-laminated random heterogeneity in the depth of 35-200km) with a relatively large horizontal
correlation length (500 km) and a shallow source at 5 km depth. Such effects become much weaker in the
case of shorter horizontal correlation length (10 km), for which phase speed reduction of Rayleigh waves
is reduced to about 0.2%. For models with all the correlation scales, we have observed strong high
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frequency (>1Hz) body wave signals with coda waves, which coincides well with earlier studies (e.g.,
Kennett & Furumura, 2013, GJI).

These results indicate that finely quasi-laminated structure with intermediate to long horizontal scales
(several hundred kilometers) may cause non-negligible phase speed reduction of Rayleigh waves,
resulting in apparent radial anisotropy with SH>SV in the upper mantle. Changing the source depths also
affects the strength of velocity drop of Rayleigh waves; e.g., for an event at 50km depth located within the
heterogeneous layer, Rayleigh wave phase seeds are reduced nearly 2 % at the maximum, which may
indicate the strong influence of near-source heterogeneities. Further investigations with such numerical
simulations incorporating realistic 3-D mantle structure models from latest tomographic studies in
comparisons with observed waveform data will be of help in the better understanding of the nature of
apparent radial anisotropy.

Keywords: random heterogeneity, surface waves, seismic anisotropy, numerical simulation
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New acoustic approximation for the transversely isotropic media with
a vertical symmetry axis

*Shibo Xu', Hitoshi Mikada'

1. Kyoto University

Seismic data processing in the elastic anisotropic model is complicated due to
multi-parameters-dependency. Approximations to the P-wave kinematics are necessary for practical
purposes. The acoustic approximation for P-waves in a transversely isotropic medium with a vertical
symmetry axis (VTI) simplifies the description of wave propagation in elastic media, and as a result, it is
widely adopted in seismic data processing and analysis. However, finite difference implementations of
that approximation are plagued with shear wave artifacts. Specifically, the resulting wavefield also
includes artificial diamond-shaped S-waves resulting in a redundant signal for many applications that
require pure P-wave data. To derive a totally S-wave free acoustic approximation, we propose a new
acoustic approximation for pure P-waves that is totally free of S-wave artifacts in the homogenous VTI
model. To keep the S-wave velocity equal to zero, we formulate the vertical S-wave velocity to be a
function of the model parameters, rather than simply setting it to zero. Then, the corresponding P-wave
phase and group velocities for the new acoustic approximation are derived. For this new acoustic
approximation, the kinematics is described by a new eikonal equation for pure P-wave propagation, which
defines the new vertical slowness for the P-waves. The corresponding perturbation-based approximation
for our new eikonal equation is used to compare the new equation with the original acoustic eikonal. The
accuracy of our new P-wave acoustic approximation is tested on numerical examples for homogeneous
and multilayered VTI models. We find that the accuracy of our new acoustic approximation is as good as
the original one for the phase velocity, group velocity and the kinematic parameters like the vertical
slowness, traveltime and the relative geometrical spreading. Therefore, the S-wave-free acoustic
approximation could be further applied in seismic processing that requires pure P-wave data.

Our newly proposed acoustic approximation is meant to be an alternative to the original formula
(Alkhalifah, 1998) in representing the elastic VTI model for P-waves. The SV shear phase velocity is set to
zero for all phase angles while for standard acoustic approximation (Alkhalifah, 1998) only vertical S
velocity is zero. Compared with the original equation (Alkhalifah, 1998), the expression becomes more
complicated while it may not improve the accuracy of P-wave description. However, it provides a S-wave
free wavefield necessary for many applications. It can be used for imaging applications. The
corresponding eikonal equation for the new acoustic approximation is a sixth-order nonlinear PDE, which
can be used to describe the pure P traveltimes. The corresponding perturbation-based approximation for
the new eikonal equation is used to compare the accuracy of this new approximation as compared with
the original formula. The new approximation yields accurate traveltimes free of shear wave artifacts, but
potentially at an additional cost considering the higher-order nature of the formula.
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Figure The snapshot for the elastic V11 case (a), the original acoustic approximation (b) and our
new acoustic approximation (c), top, middle and bottom, respectively. The P and S-wave

velocities are shown in blue and red lines, respectively.
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Seismic activity in Western Tottori area by array analysis for the “0.1
Manten” hyper dense seismic observation dataset

*Satoshi Matsumoto', Yoshihisa lio?, Shinichi Sakai®, Aitaro Kato®, Group for 0.1 Manten hyper
dense seismic observation

1. Institute of Seismology and Volcanology, Faculty of Science, Kyushu University, 2. Disaster Prevention Research
Institute, Kyoto University, 3. Earthquake Research Institute, University of Tokyo

201738 N 52018F48 F T2000F SNNEALMERIRIG % H/N\—¢ HEHEIC1,000mOMEET =R L
= (0.15AER) . COBAOFH OEVWRAENEPRBEICLY., BonkT—9 oMM tEDOAH=X
LEEDEREERE. EYTIVhYy TILEIHBH. NNEEMBRKOEERENTThi (A - i, &

M - ftb, f0EE - b, 2018) . AMRTRBONLET—IICT LA BNFE%=EAL. BRAMEICEEYT 2K
HBYPRELESRHEER AT,

HEEAIZ2H L IF4.5HzETEMMEFG 2RV, ERiLREB2 I &N TE L, HEFTOBEERKREIIE
HZL ETHZEDD, O.THZARED 7 4 VY —%DMTE &, BMMEDRIGEERICA A —TUT B ENT
Tz, —H. MEFT7 LA BITIEEEBORMELZICET 2OICBMAFETHY . HBRESEREAEET
Hd, ZOZENS, O.1HRERT—9ICT7 LA BT FE%2EA L. BRROBRISTkmIEETHZ T
&, BHEA3SkMmIBEDOENY 2RO L EEEL, 1,000 H0BARERICTTESY. 130 TT7L A
ICDEIL., ZNENTETET o7z, EMEDRFICHT L TEE DBeam-formingis, MUSICZANRY k5 A
FEEBERALE, COBR. IRNTOYTT7LA TEREAALGSDRDOGEEABETZI LN TE, =5

IC, MBEEIZHRET 2EMT, 2018E3RICZ DOMIg THRAE L - EREEEDEERTEEDRE %
To7z, WERFIIHHAZEDESHIEHEL THY., BHARBRUTORERTH S0, BEDT L 1 @ik
WRATERY, 20RO, FERBICNANY RIRRAT4ILY—, MSTyRO—-TFICL%. BRIEHSL. T
RO—7OREZEL (DFY. TRIVF—FBEREEL) 2MHETIIEELE, TOBR. 13080 77L
AIZBEVWT, TRETNEBTCRERAAISDESEMETEIENTEL, TOFERICEIWRRLIC WME
BiREEREARHBTERZEDEHFTE S,

© The Seismological Society of Japan -S01-09 -



SO01-09

Seismological Society of Japan Fall Meeting

356°
e ...Okayama =~ sl S o LmoT
o St ‘daets P ¢ b4 . 15 Ll --l"-
PR SR, S A N 5 %% Loy Ay -
. TeRp L AL FE " w08, stande Fe el =
S et P A % % ;‘*,“xg""r'ng >
R an || EAATE g e
. | Previously installed Seismic stations — — %k aaaTax iy TE 0y ZES
8 A stational . temporal o T =1 ‘f-':, ?‘:‘;‘. X %x S’:! 5 = ot 2
r ": A 1“-: - 'EI. :.“1
1324° 1336° N ., A 11} “:g:"‘_"'::-" A
B, SIS E SRR A0 SRR N et L R
BEE (B) 3LUBHSaT (B) . BEHEZ13E s NoOA - R TI L EET L AN
DY TFLAICHEILTER LS, ERRDEAR N O
ZoEOHENER. ZAREROBISERT. —
ERBOES L FILEBRISAE. £ LORER o v g
EHBOBRETT. '

© The Seismological Society of Japan -S01-09 -



Session Seismological Society of Japan Fall Meeting

[ Room D | General session : S02. Seismometry and Monitoring System

& Mon. Sep 16, 2019 2:45 PM - 3:45 PM JST | Mon. Sep 16, 2019 5:45 AM - 6:45 AM UTC | @ ROOMD
International Conference Halls |

[S02]PM-2

chairperson:Masanao Shinohara(Earthquake Research Institute, The University of Tokyo), Masayuki
Tanaka(MRI, JMA)

2:45PM - 3:00 PM JST | 5:45AM - 6:00 AM UTC

[S02-01] The Observation Environments of Broadband Seismograph in Minami-Tori-shima
(Marcus Island)

*Masayuki Tanakal (1. Meteorological Research Institute)

3:00 PM - 3:15 PM JST | 6:00 AM - 6:15 AM UTC

[S02-02] New Era of Ocean Bottom Broadband Seismology with the Autonomous BBOBS-NX:
NX-2G

*Hajime Shiobaral, Aki Ito?, Hiroko Sugioka3, Masanao Shinohara! (1. Earthquake Research Institute, The
University of Tokyo, 2. Research Institute for Marine Geodynamics, JAMSTEC, 3. Department of
Planetology, Graduate School of Science, Kobe University)

3:15PM - 3:30 PM JST | 6:15AM - 6:30 AM UTC
[S02-03] Distributed Acoustic Sensing measurement by using seafloor optical fiber cable
system off Sanriku

*Masanao Shinoharal, Tomoaki Yamadal, Takeshi Akuharal, Kimihiro Mochizukil, Shin'ichi Sakail, Takeo

KsajimaZ, Takahiro Arioka?, Masayuki Hamakawa3, Shunsuke Kubota® (1. Earthquake Research Institute,
The University of Tokyo, 2. Fujitsu Laboratories Ltd., 3. Fujitsu Limited, 4. YK Giken Co. Ltd.)

3:30 PM - 3:45 PM JST | 6:30 AM - 6:45 AM UTC
[S02-04] Seismic observation at Azuma volcano using fiber optics and DAS system

*Takeshi Nishimural, Kentaro Emotol, Hisashi Nakaharal, Satoshi Miural, Mare Yamamotol, Shunsuke

Sugimural, Takahiro Uedal, Ayumu Ishikawal, Tsunehisa Kimura? (1. Graduate School of Science, Tohoku
University, 2. Schlumberger)



802'01 Seismological Society of Japan Fall Meeting

The Observation Environments of Broadband Seismograph in
Minami-Tori-shima (Marcus Island)

*Masayuki Tanaka'

1. Meteorological Research Institute
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NTWBERE22~24CTEREEINTVWARERNOESHN I mDIAV ) — NERKRDLEICEREL., ZHADR
DNEEYLSBRVEIICILYVHTEDNATVLS, 2016108 TAHN 52019F6 B WG £ TOREHA

3 ~2000F D24BEREFIG /N7 — AR Y MVEBEPSD) A& L7-(H 1), EEAHAITILEERZRD
microseismsDZEENNHKICE SN 3, FHE10H 5600 Tk, BAEERDOTCATL Y E RRFZEBEDSTS-20 4
» £ &R % T10PSD[10log,,m?/sec’/Hz dBIf2EE / 1 XL NI HMELV, BREZETRS &, HICEMICED
AR TE S, A5, 2018FE11BEHI S, TCATICL BB AT ALAICEWT, ETHIRSD DRI ELERIC
BEENRONZ, BE BERE2BAEFTHS, £/, AFEHMEFHIEEICHBRT, BERV I MELSE
EERIFIERFICAR D, TI T BERBICOVWTEHE TRE L, STS-20BIMNAEERN2AF(T—4 0
H—HEEIL Y VM TESLSTS-20R)ICEREON—2REBEL. BAERDTCATREDEEPEEE T X
T2ADKBEFEHE T, TCATESTS-20HAEFEET—YDH32016FE108 FTAHN52018F108FEET
ICDOWTHE L (K2), BAEZRDTCATRHDEEIZ. MEET7 XY ANDTENHEESS B IFIFRALCET
ZLTWS, — A, ERREBEODSTS2E VLY UHTE I EICLDMRERDNEZA, BREEINE
FRALWEVLY VUM TEABOANBRERIFZNI VW, 2720, HEDRICHEZERAM=ELTEY., =
LA ZRERNDREII—KICERT 2, STS-22Z > TWEHU LY VHIBDBEEHERIZIETIEARVWA L
F9 %, STS-2i%. RAMHOZEENICKH L TE10CLIN. EEARIF2~22TCICEVWT, £V —DFRDIE %
BEHFICHETEZIENTE, 15~35COEHETIERY) 7 MITLKEITH B Z EPERICEBIhTW

%, LWEBEEEICEWT, ERFOSTS-21d24+3CTHDREREICHY. RY T MIFEAERL, HEKEYICLS
ZEARSNS, TCATICIZEE K'Y 7 bORARKEE L., 28HBICBVWTERHICL >TEETIRE
EFIETBRY T MDA RONS, AT, ZEZHLYEEVWVEHORNY 7 MNER5N %, ZD7H, HIKEH
IDSTS-21ICE D ICIE > E Y EIEHERTERL, BORWT—9 5B 3ICIFV0EDICITBEREKIINATH
%,

B

AREF, REAXEHERARAMO—BHERARARFOZREZITTVET,

EA R EAF LR ERMARRAD/INNT —ZARY NIVBEAEEERY - 2FRSETCEEZELE, &
FHERR ICGeneric Mapping Tools (GMT, Wessel & Smith, 1991) & Seismic Analysis Code (SAC) =@ L £
L7,
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New Era of Ocean Bottom Broadband Seismology with the
Autonomous BBOBS-NX : NX-2G

*Hajime Shiobara', Aki Ito?, Hiroko Sugioka3, Masanao Shinohara'

1. Earthquake Research Institute, The University of Tokyo, 2. Research Institute for Marine Geodynamics, JAMSTEC, 3.
Department of Planetology, Graduate School of Science, Kobe University

T4 LC®HIC

ZEELXECELROLATEBEMESH(BBOBS)2MAH L AREEHAIER L DD, BETOLFTHEETRE
A& RE LERR & AELE TITA 2B DOLETEBEMMES(BBOBS-NX) 2 G FICHRE - ERALLTEL

M. ¥, ZNOBARTH 2 LEHEEEME - tHREFH(BBOBST-NX)DRFEIC & Y. BIRE TOREIRER
BAINARETHD I EEFEIELDDHB[2], LHLALE, ThoOFEERMIS B KREAMALRHRE L
HEDTHBH70H. TDFAKS & ERERETELBIHICKERTNLH 2, SRHOBAFTRREEIFTE
7=, BEIMEDEVBBOBSE ARRARE - BINAE%E. ZOHBEAKIITHEAREE T EAEAHERDENT
Hd, TNOERBICLY ., BEME - AHIF COSARROKRBLE NS - TRBBOILKIC DA

YU, BRZITTIRELS, BENICESRLEMBOER SERMERVBERFIND,

2EEPFRBICE T 2ENMOBER & 88&E

BBOBS-NXEEFE Y — a2 iR N SMII S, SNOBICHRH - NI HIETEBREENSSICE
AFTRERHEEE LTWS, INZBEILCBEEETSIEEANCLIVEBEEA~NEA - BCERSIE., EBROE
BEZRUBVRAEBER/TWS, BL. 2015F7R X TEH16MDRETHFEL. £V —ICHESNBER(+
8VEHMATERLL, ¥, BEERWESKEOE VY —8%Z. OIEICIEFANTIISR BENH D, B
IC. REFOMSBRAEBEFLEFLED. BRBFZHREICTVE22KBEN VAT, HNDBBOBS-NXT
WESNRAURFROE MR L BTNEWNTRN,

3. NX-2GD#E1E & BB =R A DX it

2016FICVOE £ TN LENX-2GOLF#EiE - EMEBIR 2 ERKICT Y, BERFOBAAIER OBREICK LT
&, BREBETHICEE 2 AZLEAHNENELLIRATH 7D T, v —H%525| R DICHERZEA
RSB EBRCBRICER OO — T2 MERDKERI S & 52 & T ERECOREENRIICHEITE S
ZENKIATETWS, /., OINEICEY Y —HEBENSSIZRDICET Z2HEEHOEER L
(65-80kgf), MEARZHABMLIZ, MEOEBRAAEICOVWTIK., BV —8EDOREEI’BITNIE. KERY
EMNELICE> THRBFEADHEN LW EEEMABRTHEEL., RELL, BRI —EOhRIZE
MNZEEDOELICEEZMAMES N, BV —MBEEBBFREESEDIEIKFTr—TI DA LMD, B HREY
FICITBRCALRVWED I, ZOEEDES EHMIREREL <.

4. FRERER

2016 FICRFHMDE B TOEMFRBRAERE L. 201 7F4B ICEAZORPRR 2 EEEMO B AEEEMA
@\ (KR4500m) THA. 2018F108ICEIX L7, RERIZBHZE T THRAR. ML SERNREART
LEABRIA S B/, OUNEHIEAIRE (EBHE) . 8 LURVREANDBITEMEDORE D=6, ROVTERR%
ICRYTIFTER Lz, BA~BE~ERAE CORTF UK T 272ONX-2GICEY i FEE T A4
AATEHEEEZELINL., FHRENOBITEENEE TH oI L LHWIRTE
NX-2GDEMIIBIEIC D WTIZIBEREY TH o 7=h%, Bk L THREL TLWBBOBS& LB L T, BtV
Y- LTD/ 1 AERIRLRESNAD o7z, Thidk, FEBICELHAVEES LSURKRRITE LKF
F—=TILOBRYEILICERTZ2EDEBbNE, BV —DIRDICHELH 72D T. BEORILETM
ARESESHICHHIIBT B2 FETH S,
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S
SZHOARBA T, BENRFEAREE - BABEXEXOBRREICSHEICA>TWS I 2T 5. Kif
FIE R E (B ARA 15H02122) D#EN = =TT W 5,

SE R

[1] H. Shiobara, T. Kanazawa and T. Isse, IEEE-JOE, 38, 396-405, 2013.
2] &R - i, AAMBZEMKEFKRS, S02-07, 10A26H, 2017.

[3] H. Shiobara et al., AGU-FM, S43E-0654, 13 Dec., 2018.

72\
Prelimi i . .
( reo';"t:': ﬁ))(f'z‘g"g" Schematic image of the operation
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SfarelSRED
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Distributed Acoustic Sensing measurement by using seafloor optical
fiber cable system off Sanriku

*Masanao Shinohara', Tomoaki Yamada', Takeshi Akuhara', Kimihiro Mochizuki', Shin'ichi Sakai
' Takeo Ksajimaz, Takahiro Arioka?, Masayuki Hamakawa®, Shunsuke Kubota®

1. Earthquake Research Institute, The University of Tokyo, 2. Fujitsu Laboratories Ltd., 3. Fujitsu Limited, 4. YK Giken
Co. Ltd.

WBE, 774808 & LTHWSDistributed Acoustic Sensing(DAS)EHEIAY, /84 54 VP REERA
EDtFa) T4 —ERBVRREERBICAVLONTWS, I5IC, DASEHAIZ., ERIFEED /DI Vertical
Seismic Profiling7e EDMEREICEHEFEOLNIBO TET WS, DASEHAIZBEAMEENICEANTH D EEX
bNZZENDS, INETICELFAIGBEICRESINZN T 74N/ r—J )L BV -EERDEAH1T
bhTws, LHL. WEXTIC. BREICSTZDASEHARM 2 AW EEANICDOVLWTIE+oICEiThhwn
W, DASEHRIEN 7 7 A RNtV Y U FHEMO—DT, Abe—L Y MRFXEDEWSILRE, YV TILE—R
T77ANICERKRLTAH LT, BABELEBRNT 2, 771/ CEBETRELAIRICEIWVRELEZ7 714130
BUNRERD, BABEKD/IRY -V AT IEZ ML, REEZRETZ, /LREZEHLTH S DR
DEHAZ T > TWBMEICHIGE L. /LRI EFEDFREEICKTST 5, RIEE. ZEIREEEITR WNEETIEE
MmMCH?, bbb, MBS EZHmAERTHRELL. RIVPBERINTWE I 74 NICRIGT 2ERT7 L 18
BAERET DI ENTRETH D, TRIRTIE, 70kmLLE L THELEZEBRBIT 2 & AAEETH B, — A, 85
N357—9 D5 BRBIFBRAEICOVWTIK, ThETORY FEMEBEEICL DT —F & IIHENER

U, =Y NEBFEICOVWTE, BT - BERIVETH S,

RERAXZEMEMERRIE. ERSFEICZERNT —TIRNBEME - EREHN AT LERELZ, TOVRT
LIF3DDMEEE2DDFRFEMNERINTH Y, ¥—TILDLRIEIN120kmTH %, 201 T1ERILH A KE
FERMEOWKICL DM AR T, BELENE2IT>TVWS, ZOYRATAIZNROIERAE LT, BE
F—7IIC6ER BHE) OFHE7 7 A N\DPHERINTWS, FE7 74 N—ICIEF#SRASEERIhTLARL
DT, ZOFHI 741 N2HAWVWT, BEERIOT—TILEiHZE CODASSHANBEAATETH 5, /=, FiE
77 ANIEDASEHANCE L7208 I N - YV ITINE—RI7ANTHB, TI T, Brld, REBET—7
IWREVE S R 7 L DM E LT, DASEMAZRAWBEMESRS A7 LAORKE., =fEHT — T IVER
VAT ALAEBAWTER Lz, DASEITIC K 2BEERIZ. BES— I EICEVWERTE Y Y &Y T 72R
BEALCTHY., INET IRI THoLBUNE., THR] TOBUCEILIEZEDTHS,

ERHRSEICKRE L=RERNE T —TINRBEME - FEREEH R TLOFHEZ 74 /N 2AVWT, 20195F2H
13 S515BDREIC, MO TDODASEHA #EHE L 7=, DASEHRICHKIL S, H/VL AEEREZS(OTDR)IC &

Y, DASEHAIAEET TR 7 7 1 NOREHNBIFTHBH I & 2R L7z, DASEHADEZEMAE LFICKE
L. ELEH,ST100kmD=RET, Y7 Y JREFEEH500Hz, EAIF+ > RILERESMERE L TEHAE
ERE L7z, SHADZRENMREELTRT S —VRIE. 10mELIF40mMTH B, sHADRKR, HA6IFRBIDER L 7=
T—YEIEFTDIENTE, WEINAET—FICIE. BRI AT LAEETRE L EEMRED /N X i
EY. FRMEESOTEHROMENIEFASINA, ITNODEFIE. ZEDNT —TILRBEME - 2KEH
VAT LADHESORFELRTEZIENTRETH D, 5% BoNET—9%2HVT. BRFEORST -
HET,
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Seismic observation at Azuma volcano using fiber optics and DAS
system

*Takeshi Nishimura', Kentaro Emoto’, Hisashi Nakahara', Satoshi Miura', Mare Yamamoto',
Shunsuke Sugimura1, Takahiro Ueda’, Ayumu Ishikawa', Tsunehisa Kimura®

1. Graduate School of Science, Tohoku University, 2. Schlumberger

BEBICAREINLZXAT7 74 NN—HNEZGHET 2 HORELKRZFIA L 7=Distributed Acoustic
Sensing(DAS)systemzFW5 Z & T, 77 A N—ICELLAEEADRBEELEZEA — ML SE+ A — MILRER
THESTZIENTES, ZORT 74 N—%FALELESHULI/YBERECHABRER CHAI N, REEE
PEURAEIESRETAETE BT TAL, E%iﬂ!&@ﬁEUW'J%EIP\W*’C%&":?_W’LéJ:oL.t;of%
Too 7 7AN—ICEZEAE. BmO OB+ mBERTAESREFZRBETRETH DT TR, 774 /3—0Dif
'J—"_G)JMCE‘l'/E'J%EE SBET DI EICE YU HERKRAOkMDBIIRRD T — ’975\ b#’LéX Jw NDH D, —H. H

FAN—EMTmEDHY TY Y TRADFRBETH 72, SHOARADERIZ#H Ly —TILBERAADE
@J (BH) MDDHEHATEDE VWO EEREDH D, SO BFILUMFETH T 74 N\—%2FAH L HEHR %R
L7z, LEEORMEMICEEMITANSEAOHMEBELBONAMERT —FICODVWTHBNTREEEIC. §
BOFEBMICDOWTERT %,

EREZEANAFA VOEBAWVICERINTWS, BXRBEREOY VY IJIVE—RET 74 NRN—=F7—T )
EEALT. FALE, LH5ERT— M SFRITETIEEFIFFFILABRICHETZHEE14.2kmDBFRTH
5, WETHZD, AREORFRSIVEBITOILHRY ER>TWBIEMIHD, X774 /8—F, FEX
50cmiF EICBERINZERICEER I TWS, MIROLIFERERT — MIY 2L NIILY it Dheterodyne
Distributed Vibration Sensing (hDVS)%:&iE& L. %> 7Y v JERKEE1000Hz, H > FILEFFDREE
10mT, 7EB4B &Y EmERA B L, AR TIEISAREZFELTWS, THZONA /IR T 4 LY —DH
IToh. SEGYRR TSRS ND, o AT 7AN—T—TUHEHRINTWIERAVANMICATESE
1B BRMEEIAARE L. MITHBET o>/,

7BAHORBERZR NS, BEILUTREY 2EAKME. B TRET 2EEUEME. REREHEHE I
o BEBREEFEGTRELAYIZFa1—R4ZADMEIZDVWT, HEFORERF EHT 71
N=ILLBEAERELARIZETZ D, THZUTOEBEERD D S5 10HZERE X TOARY MUEEIREM LTV
22D oz, BELULOBNSAKUMIELERFEFINTWE I LD, BEAWICEERLEZX 7 74
N—EDASHERAWAEHANC & Y., KIUMHECHE, BAMELA+DRERTEHIENTEDIZEWVWZ S, DY
AT LTI, T—TIUVBERAEADTIRDDH ULHEE ZEHTEAVEDD, I—4F2F A L@, %
THRTIERESINTVWR LD ICHERTSENBERTESEEZA NS, KNUMEBEIFICRST, BIF - X
FHECHBEFMOBELRE, BAWVWSFOREMICFIATZSEEZIAONS,

2

RBEEDHK T 7AN—%ER L, BAICY->T, BXxXEEAFRILAEGEREESN I BEEHRO
ﬁbkﬁa%lofuttuto
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[ Room D | General session : S02. Seismometry and Monitoring System

& Mon. Sep 16,2019 4:00 PM - 5:15 PM JST | Mon. Sep 16,2019 7:00 AM - 8:15AM UTC | @ ROOMD
International Conference Halls |

[S02]PM-3
chairperson:Ryoichi Iwase(JAMSTEC), Kazuo Ohtake(Meteorological college)

4:00 PM - 4:15PM JST | 7:00 AM - 7:15AM UTC
[S02-05] Video Transmission System using WIN networks

*Kazuo Ohtake! (1. Meteorological college)

4:15PM - 4:30 PM JST | 7:15AM - 7:30 AM UTC
[S02-06] Proposal of two-point seismic observation for detecting weak signal

*Shigeki Horiuchil, Aitaro Kato? (1. Home Seismometer Corporation, 2. Univ.Tokyo)

4:30 PM - 4:45 PM JST | 7:30AM - T:45 AM UTC
[S02-07] Effect of seafloor inclination on the estimation of OBS installation direction and
seismic wave velocity from observed waveform of air gun

*Ryoichi Iwasel (1. JAMSTEC)

4:45 PM - 5:00 PM JST | 7:45 AM - 8:00 AM UTC
[S02-08] Demonstration experiment of disaster prevention network by post-earthquake
damage evaluation meter in Tokushima Part 2

Hisamitsu Kajikawal, *Ryotaro Shirai2, Yuka Okada3, Haruhiko Ogawa®, Ayumu Mitsuhashi? (1. Meiji
Univ., 2. Meiji University Graduate School of Science and Engineering Department of Architecture and
Urban Studies, 3. Misawa Homes Co.,Ltd, 4. Misawa Homes Institute of Research and Development
Co.,Ltd.,)

5:00 PM - 5:15 PM JST | 8:00 AM - 8:15AM UTC

[S02-09] Demonstration experiment of disaster prevention network by post-earthquake
damage evaluation meter in Tokushima Part 3

Hisamitsu Kajikawal, *Yuka Okada3, Ryotaro Shirai2, Haruhiko Ogawa®, Ayumu Mitsuhashi? (1. Meiji
Univ., 2. Meiji University Graduate School of Science and Engineering Department of Architecture and

Urban Studies, 3. Misawa Homes Co.,Ltd, 4. Misawa Homes Institute of Research and Development
Co.,Ltd.)



802'05 Seismological Society of Japan Fall Meeting

Video Transmission System using WIN networks

*Kazuo Ohtake'

1. Meteorological college

BE

RARE018) IEWIN /X4y MR TR EEDzip 771 IV EEBHIAATWIN Xy NT—JICEETE
5Z&%HRLIZ, 2. K11 (2018) EZDWAELTWIN Xy NT—052BWET7 7M1 IVEBEY AT LD
7OKS A4 THEERL T,

AERTIE, BAROERASIFBICELN, WIN VAT LA2T—9REBEEBE LTHWS, RMTERAMLK
BIEEVRTLEERLIZZ EERET 2,

AT LDIBE

VAT LDEBERIZHZ>TE. BEFEOWIN Ry N —J%FRATEZZEICMA. RBIICEETEZ L, ¥
VTIWLBERTHDI I HBIE L.

Web A XZICIERY - #HR:—7D TAYXEYF+—] IPO0OT-WH (4298 ) #FIFEI %, £7/=. WIN

7+ —< v hADZEHILRaspberry Pi 3 Model B+ ETEMET 2700 T o%E L7, ZERTIEfmpeg %
FAWTENE 7 7 4 JL%HLS (HTTP Live Streaming) FXNICE# L. Apache W = TH—N1\HSEET 5, &

B. TDOWeb AAZIFARIEZIZ7 RTOFAEZBELTWVWEEDTHY., KVRATFTLDRAREICEI LDIC
https://github.com/ant-thomas/zsgx1hacks TRARAINTWE IOV S LEBALTHELHEDET B,

pAREZATFN

Web A X D5 DEEIErtsp R TEBTE %, WIN3.0.2 AR—R & LT, ZOFHEAEWIN /N7 v MER
ICLTHEXEVICEZAL IOV S L5ER LIz, ZELEBEORETIEEY NL—MPRET DT, 4
Ew NEERE (B TILY A XERS) . 4095Hz B0 7)) v/ THEEF v RIVERRTT— 92 EHT B2
sicLiz (DY 7&8) . ZEAIErecvt DEZAOHEA T EEEZEEL, ffmpeg ATV KIZEL D
T74—< v NEHBAEE T, Apache hSHLS R TEIET %,

KYRAT L%EERLZLAN AORARIRIZETIE, 1O0WEEDOEBETELKEEINZ I LZHRAELTWVWS,

SHDEE

BWEDEZDY VIERNICO D BABRIFEETITR>TWVWS, ChEBEHTRELREICT2LHEA%5ES
WELNH D, £/-. HEIIVHERBETEHIREL QYIS THE LD, BIFEOHIBEY 7L —4LL—MD™E
BIZEREEFRICEETEZANVIY—TI—REVETHSI, TOWeb hAZIEERKYE—FDSL VD
FREZEZZBREOIY NO—IDRBETH B, AT LTIERE L TWARWL,

& Xk

KAR(2018): WIN format & FJFA L 7= EENRFLUA DI, T — I RBT—27>ay TRRESE.
K11(2018): WIN 2y RT—20 ETD7 74 IILX#, BAMEFR2018 FEMEFEARFRE, S02-06.
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Proposal of two-point seismic observation for detecting weak signal

*Shigeki Horiuchi', Aitaro Kato?

1. Home Seismometer Corporation, 2. Univ.Tokyo

1.1 ECHIC MEBEFAMRICKE LGS S, MTREICHKELZBEDEWL, /1 XOEKEFELISBENT

WBEHLENTHD, MEFZHRICHRET 2. BRI ZEFIC. BRCPAIN/ 1 XDOREAMNEITSNK

W LHL. BV Y —AETRETE /A X ERETEZIENTENE, HRBFEO LV H—TH, HTES

ICEREBLI-hE EAREICEEEDORUNT —INEOND ML H D, ARERTIE. BEmHSE 1 Omik

ne2thRICE VY —%%E L. 2 ROBAEF OconvolutionZ EHHIZETE (LU Fconvolutionig e & I

RT3 &, convolutions B ICIE, BV H—HETHRET S /A ANFEFEFhALLRY, BERZDOFHE

DX, tTEBEHEICHELARHENMEOND I LICDVWTIHNS,

2. ConvolutioniBFDETEZE HEmh SHBI10mBEiN/ZAR. BRO2AMICHEESNRBEINLTWS ET

%5, ARDIMEETId, ARDEEICKERAEZFHED /A XDRIBIFRKEWV, LHML, BEDREBEMBIEHNLTL

2ZEND, BEODEETHRLET S/ M4 ADRBIZNSIV, BRTH, AKTHSZ, £/, /1 XDRERHIE

BB ENDL, MEDOEFOERIFMBEVWEEZONS, —A, HER, MTRETRET DI &HH, MERR

RCOFHIZ. EBLOEIREZEIH->TH, HEIREVWERDN S,

AR, BROMEBETEHAIZINZ &/ 1 kM &, MERFE % 28 L TUa(t)=Na(t)+Sa(t). Ub(t)=Nb(t)+Sb(t)

ERT, T I, Na(t). NblE., Am. BRTD ./ A XiEfSa(t). Sb)ik, MERF THD, Uat)e Ub(t)E

DX ERwWDconvolutionld, RRBEZHMET 5L HBREEEZEEL TKRT &,

fltp)=/,,, ua(TUb(T-p)dT (1)

ERED, MEBEICLZPENPARICEIZET 285% &, BRICEIZ T 2L EDENDRKEEAt ETDHE, pk

—AtHhS5At ETEEICGLIBEDALp)DERKEIL,

Gt)=max{fitp), —At<p<At (2)

EREINB, KIFEDconvolutionsE & 1d, GH)DZ &EThHhb, BEDLDH, AR, BETD/ A RXE/A

A, WEKRE /4 XOHEBIZ0, MEROHEBIE1 THEERET D E

G(t)=/,, Sa(TFdT (3)

ExRIND, (3) XF, /4 X&E/4XEDOHEEA. EKE /14 X&DHEEMEFNIEL. convolutioniE

i, BV —DEETHRETD /A XESEFRVWIEERLTVWS,

3. R MNEE(2018)ICK BREARTD1000mD 7 L 1 83|57 —4 #FHWT. convolutionfEFEDAEMMEICD W
TRz, B 1ICEERTDT L 1 8AlDconvolution SE & £ KF & DLLEMNRT, Convolution K

&, SINDIBHTEL ., HERANDFEHINY ICE L TWB, F7=. convolution ¥IE. Jb—L ¥ A4

HEIET B &, }JEmmb\j:é? KBRDZEBEIHDZ DS, REGEFREOHENMICEMETZEZIEDEHHFTINS,
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Effect of seafloor inclination on the estimation of OBS installation
direction and seismic wave velocity from observed waveform of air gun

*Ryoichi Iwase'
1. JAMSTEC

EE(F, HRESIREOBIRAER ML A @B L KRR RO [BRESEEMERKRER

1 (S-net) D—EDEARICDOWVWT, WINEWeb TRARINTWEEREK T —2ICE T3 T 7 H VERK
HODEEDDIRT/A—F 1 ) - E—2 a3 v, RUMBEEFEORT T —9 2BV T, HEE (NEE
i) OEREBEAMRUEZEARICHITZIBEEREOMEREE. IPERUSHEREDOHELT o~ (B,
2019) . ZTDME. MBT—IDOKRDEITHYEFROAMENRN—TFT 1)L - E—YaVHLHEEINSET
THYESOAGFAMICOWVWT, FTREIBHRIGEDL &, MEOBICTNAEL B EMHERINEZ, D
RRIE. RRRZMERARAO [ZREEHAET—TIIRBERME - FRERAS X7 L] 28R E LT, AKROME
WMFEEAWHEFRBEAME MEREEDRBHE TEHERIASINTSEY (Iwase, 2016DFig. 3) . HhIA
DFNIEHRATIEL R >TWS, UEXETIEIZORAEZEBHMEOHELHE L TWD, REBANMEES
T2 7S-netElAI=m DD b —EOER RICDOVWTIE, SEEDBLOFEEHESNIFRAURTNERRINT
W3, LALALS, REDBRARTRENBRINARShD M, BRAELEEOEROEENHE
Ihi=,

ZZTE5AEE. BHRETEEOERD. TT7HYOBRAEHICK 2INEREETOREBEAMRCERERBHER
FEHEICRIZFIHEIIOWT, TORERERE=ERL.

WERENSBOLND/NA—FT 1L E—>avid, KhEGEHRLTELKBZIRZOEOEMEHLTWS
HiIF TR, KhFENBERICAH L TCEETICERBLAMEIZRL TWS, L TZDMET. AHER
RARNTIIERER (PK) cEMINEE (SVIR) OAKRETH D, TODRH, N"—F1 7L - E—>3 v
DIBERDDAE X, KPZFROBEEADAGATIEAL, P-SVERRIC L 2E@KED RO A ICx
59 %, KEZFHEDAHBIIMBISHEETEEDT, lwase(2016)RUEHE(2019)TlE. ZOHFHMEFIAL
T, ZOBBEORMTOHEFAICEAL T, FEROBE—BFRRERAFT 2 RE L 7=BRDZoeppritzFTER IC
EOCEREEOLEAITV., HMEREELHELTWS,

EREROAHAMICOWVWTE, ARODZENEZ 5N, AL, BREICERI H ZHE. BBEK (P-SVERK
B) OIREIAMEIE. AFHLAKPEROEREEAMENLAZEEREEERTERICEFET 20, Thidnd
LEHESABEFEHICH B DIFTIERWL, —A, INREE T, EAOARNSEAEHOAEZ ZRDHTEY. Zh
BRI L BREER AR & ERR S,

UEnERETIC, KENBELRY—2& LT, BEOMERE (BRA10ELRE) OERALOASFERA
(6OELIRE) ICHBT RMUBOSZTENSDAFETRICH L. MEESTDO/NA—FT 1L - E—2arvhbREH
nad (RN D] SRAMOAGFHUISDThERDI-EZ B, 6ERELREL SN,
mEDOERNICIE., BEOERA. BROAFHAMRVUAFA. SBEORMIOEFALWoT/ITX—%
HEL I EICRD, BH(019)LUMEICERE L S-netBlAADBRBEA MK EEREME N REHEERES
o, BRAlT—9 B LAEBRERET 5,

SiEE
AFEROERICHI=Y . BFXBRERMFRMIALNEM L TWBHERET—49. RCIAMSTECALARELTWEE
HEMBOT—YEFALFTF LA, JZICRBLTHEERLET,

S 3

R.lwase, Jpn. Jour. App. Phys, 55, 07KGO1, 2016.
‘B, JpGU2019, STT43-P04, 2019.
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Demonstration experiment of disaster prevention network by
post-earthquake damage evaluation meter in Tokushima Part 2

Hisamitsu Kajikawa1, *Ryotaro Shirai®, Yuka Okada®, Haruhiko Ogawa4, Ayumu Mitsuhashi®

1. Meiji Univ., 2. Meiji University Graduate School of Science and Engineering Department of Architecture and Urban
Studies, 3. Misawa Homes Co.,Ltd, 4. Misawa Homes Institute of Research and Development Co.,Ltd.,

T.1EC®IC

ARIF201BFEEICERLAZD 1 DB TH B, TD 1 TiE, BMBRICEITHERAEROBE & RAEHIE
ETDRBICDOWTHA, AIRIE. TORFEERTEHALALT—9 (UTF, SHHADT—FEWVWD) &ZDF
SERICDOWTOREEITY, FHAAAT—FICDOWTIE, FHABE & ANINEENMERICEAT 2RFEE1TD.

2EHAAANT—4ICDWT

AEIERIE, BER (BEH. WEH. £EH) TITW. BAOMRIN—THEELTVET—I—2
ICEHRIARNT — 9 2RASER LTI TWVWD, AR THROEHAANT —4 OHREIE. 2017F108~2019%
6REY S, ZOHEIC. IRTORRTHESRANICEEIULOE NI H > 725651068 H >k, ZDI5
KAEEBRONREY TR H o7 DA3THTH Y, 378D D E20RULTEHLH o B DICHKRY . T
AHORRERICTY, Tk, HETATRICH ZHEREMEFMEEE T (K-NET) ICTEFHAShEL
TF—8 %Y,

2V FHAIREICE T 2157

FHAEEOARRRIE. BREABICE > TWEZENLERAT25DIESDENERINE, £/, BHN
DK-NETTEHRI L TOWAK THEWHEEHES TEHH L TWBIBEaEHNIE. ZOHDBFEEH 7=, £/, X
TICRTREmDGE. A—HRTEHE05~1.9DIE5D2ENH o7k, ES5DTEEICIZ. BY. EROARY
FEBEFICEEL TWAHEFIIR, BYTEMETEICKEL A >LYNSICA LY LTWVWEZ EDD
Mot

22 AINEEEFEICRE T HREY

H1I23R 1 O#EN0.11ICH T 2EBYIN0.25~29 R U EHAK-NETOIMZREMIHE (3@) %2R, MNREHN
MIE=EHARDORAIMNEEATHRL-BUNETEEREEOER. ThUBERKEBEOERETHLTWVWS, NHDH
AR ZDEETCORAMEE#HFEE LIZATH Y. NSEWADHLEICH B xHIZ7 2D 5 RIZKED
ERAAERLTWS, EELIINSEWEEBO ZEHERDRAINEEE1& LEEDTHD, A—HHTH-T
HEBOTRIIBY T EICKELKER>T WD, £/, NSEWHEHICH T ZRAMEER Y MNLORKIEIZHGME
DENHD, BYTEHET L ICHERIPER>TWE EEZILNS,

3. EREATRY —IL
SHAAANT—YDOFFERD1 D& L TERARDY —JILE LTHE—EBEEIRATALA, AVN—Kh74VI2&3

BT 7). BIKIBRE=Y —DRAFELT o/, FLRARRTREFRESSUCBOL TVWELEVWETRICK
DIERT — 9 AW KINEEIT o7, TDDIAT, 77— MAEEZERL. BREFEHOMLT,
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4.FEHRVSHRDEREE

ARTIE, FHUAANT—9EZOFFRD1FlE LTHERERY —ILICDWTRLE, EHAIADT—%ICDW
T, GHAEEOS AR E ANINRENSFHEZRL, BT EMET LICKELL A2 YNSI LR Y M
RHAER>TWBZE%ERLE, F/ FHAAANT—YDFERD 1 DTHEIHKE —FEEE AT AL, R
R=bT7AVICLBHKET Y, BRBREZI—ICEBBKINEEARBELZT v — MERER LB E
TL7z, SHROBEE L TE. HUADT -9 OFHIEERCANMEERFEICET 2REFICOVTIE. 5
BILIEY I T—9aEEL. ZOMRICEBL TRETNICOMT 22 & T, BYMOAD EhAPTI) 2D
WTOEEZRALAETIAEELGH B EEZOND, BHREATRY —ILICDVWTIE, EPLITEOM KRB
EARVERADORFTEZTOBLELNH S,

HEE  AROABIC—HIIMFETHR28EEMETFRIOTY —ERXRIHZESXICLZ2EDTH D, Fo E
REDARICIEZKRLEIH AN %"/, TIICERLTHEHBEZRT 2,
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Demonstration experiment of disaster prevention network by
post-earthquake damage evaluation meter in Tokushima Part 3

Hisamitsu Kajikawa1, *Yuka Okada®, Ryotaro Shirai?, Haruhiko Ogawa4, Ayumu Mitsuhashi®

1. Meiji Univ., 2. Meiji University Graduate School of Science and Engineering Department of Architecture and Urban
Studies, 3. Misawa Homes Co.,Ltd, 4. Misawa Homes Institute of Research and Development Co.,Ltd.

T4 LC®HIC

EELF. WABHEFTIHRALAET—9 (UTF., HHADT—FEWVD) ORERAED1 D& LTEKM
ERHAETEOREARET>TWS" . ZOBERMERHESEFHNFEICIE. MWEBRERRY MLEH
WTW3, ARTIE, ZOMEBIRBERIRY MLEREW=Sa-SAHRDIR P HBFEICDOWTHRIEAZT Y. &
B, FRIEZD 1 BIIRROBMBEHKXEHEEDOHRE (2018FEHRRK) . 202 :5HlAANT—9 &%
DOFER (2019FERK) DK TH %,

2EBHAAT—4ICDOWT

ARIMERRIE. BBE (ES™H. MEm. E£5M) TITVL. BAOMRIIN—THEBLTVWET—IR—2
ICEHAIANT— 9 2REELEEBE LRI TV D, KRBT/ EHAA DT —5 OHEIIE. TD2EARKIC. 201748
10B~2019%6RB &9 %, COHAEIC. [IRTOERKXRTREREBERNICEEIULDER A H - -1HBEH 5644
Holce THDIHELRIMEROTGREYTEHHLHo72EDH3THTHY ., IREVI7THED S 5208 L ETEH
BIAH > MEIFNIETH o, £, HETEATHICH ZHXERIZHIEAEAEER AT (K-NET) ICTEHAIE
Nr7—49 E EHBRIIE1TD.

3.Sa-SAEh#RICBI 9 B iRat
2EVAANT =9 TRRAMEI1THDS B, SHAREIRERE N 722019F3813HERME : BFKE
DHE WKEHESORAREHAEREALT) ICHT2MAEHENIN0.25~29D& Y & ATHROK-NETICH T2
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BHH %, No.26ENo.29DEYMDIGEEM Z LY 5 & HI3BUL, IEEMEREZLLET 2 & MEULETH
%, RICEEE LGS, BREMEEEFR—HLTWED, No.25, 26, 28DEMICE W TIFRABELEL
D7.5mZEBATWS, £, EMEERARICHRICODVWTERBMIEICKELER >TWVWSR I EDhD

%2, AI—TTROBEMTH>TH., BT &ICSa-SABIRDOMERNRE T &3 2 &N RSN,

4.F EDRUVSHDEE

ARTIE, FHAAAT—YDOFERDIFE L TERMERHKXEFAFEICAVIHEBEISERARY MLTHE
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