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Estimation of Phase Velocity using an Array with Arbitrary Shape
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1. Introduction

Microtremor observation has been widely applied for estimating ground structures. Two methods have
been generally recognized to calculate phase velocities, which are the frequency-wave number (F-K)
spectral method (Capon, 1969) and the spatial auto-correlation (SPAC) method (Aki, 1957). Although F-K
method has no constraints on the shape of the array, the accuracy of results depends on the array shape.
In addition, the SPAC method requires particular arrangement of the sensors, which can be difficult to
realize in field observation. Attempts, such as Centerless Circular Array (CCA) method (Cho et al., 2006)
has been made to eliminate constraints on the shape of array. It can be applied to arbitrary array shape
considering sensors spacing around a specific circle, but the determining process for which can be
complex. Therefore, a method of estimating phase velocity of Rayleigh wave using an arbitrary shape array
is proposed.

2. Method

On the basis of the analytical solution of Lamb's problem for vertical components of Rayleigh wave, the
relationship between two observation points, p and g for example, is given in a discrete representation
with the Bessel function of the first kind and higher-order Bessel functions, which is called Complex
Coherence Function (CCF; BA - [, 2005). Zhang and Morikawa (2015) extended the CCF to apply it
to linear array situation. By adding an observation point s, which is located anticlockwise alpha degree
with respect to line p-q, the relationship between p and s can be expressed as equation (1), in which the
left side denotes the real part of the normalized cross spectra of vertical records between point p and s,
and character Jn denotes the n-th order Bessel function of the first kind. The r_ps is the distance between
point p and s. k is the wave number, which can be expressed as 2 wf/c. Here, c is unknown phase velocity.
And the Xn and Yn are defined as sum of the m-th source’ s power ratio multiplied by cosine and sine of
2n 8. @denotes the source direction. ()1 - kI, 2015).

For kr of range [0, m], compared with lower-order Bessel functions' value, Bessel functions of order
greater than 6 can be ignored. Hence, the CCF equation have only 5 unknowns left, which are c, X1, Y1,
X2, and Y2. In order to find the unknown parameters, Artificial Bee Colony (ABC) algorithm (Karaboga and
Basturk, 2007) is applied.

3. Problem Setting and Results

Four shapes of array are considered as shown in Figure 1(a). Numerical simulation was conducted by
propagating randomly generated wave sources and thus obtain the cross spectra between different sites,
where the power spectral density function is defined as equation (2), in which A is the amplitude and D is
the denominator. For every source, the amplitude, denominator and source direction will be randomly
chosen from set {1,2,4,8}, set {2,4,5,8,10} and set {m® /18, /9, © /6,...,35/18 m,2 }. The results with
array size L=100m and 8 random sources are shown in Figure 1(b). It shows that the estimation results of
sources with random directions and power conditions match the theoretical value for frequency range
from 0.25 Hz to 1.5 Hz for case 1 and 2. However, the accurate range narrows for case 3 but the result is
still acceptable. For case 4, a linear array, the estimation is relatively unsatisfactory. In conclusion, except
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for the linear array situation, it is available to estimate the phase velocity of Rayleigh wave using arbitrary
array shape.
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Figure 1: Array setting and phase velocity result with ABC algorithm
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Estimation of subsurface structure based on microtremor and seismic
observation in Shigaku area, Ohda City, Shimane Prefecture, Japan
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FrEICEMWENIE L. E%?&%@ilj;‘:%%*ﬁéﬁét&m, OB DM BIEEEIBET DI EIEE
ETHD. FO-M (2019) 1KLY, BIFRE (RE) SACHBSAUZRESINTEY, 2thROMEEE
EFILNELNTWS. Zliﬁﬁn’cti 'c‘fbt\_aﬁbﬂfﬁﬁ?:ﬁiﬁ@ﬁrﬁﬂéﬁlﬁ]%SSiﬂ!'J—'T’C%fi'ﬁL KEE & ETEH
AR ML (H/V) &#Refz. £/, BO - (2019) ICKL 3 HEHRRFZE 2BV THEBEEET I OHE
HE Ak

WMEH/ VORI E L TZ2DDIRERE— 7D AH 5N B R % <, 0.2MMEDREEARA &1 2MEDRE
HAICE—ID DY, FICRABADE—I X EDHMRITEAONI(KT). EEERSHE I NIEBMLALOD
SRRILDKUBHERYIC L ZHEBEOHMBEBENHEL TWDE B bN3. ARSI THEZ A5 EEIERNDME
ICBERBRKRISEAANFHIRS R ERALNA SN 7(E1).

WENT L A BB OMRITREREO - fh, 2019)TiE, SEEE170m/s~250m/sDERFF 4B DBEEH40mF2
B, MEAHESICHINT 2SKEET700, 1300m/sODBEIEZZFNFN200m, 500miZETH>7=(H2). &
DER=HICERBMESAROMEEH/VE Y, ILBURENISE R (Kawase et. al.,, 2011)=RAWVWTHEBESEET
IVEHETE L 7.

SE - BFO - i 1 TARAERMIEAT (BE - #HETIF) Vol.75, No. 4, [FIthETIF#/XE, Vol.38,
2019., Kawase et. al., Bull. Seism. Soc. Am. Vol.101, No.5, pp.2001-2014, 2011.
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Near-surface structure over Okayama Prefecture, Japan
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R - fh (2018, HEFZSR) FELERNOEES IR (K1) THONLEHEHKICARI ML - (1Y
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A study on the modal properties of sediment on base rock

IYTL Ry N BAHEE . AR MEY B
Miriam Beatrice Dodt1, Yusuke Suzuki1, *Kahori IIYAMA1, Hitoshi Morikawa'

1. RRIEXRZ
1. Tokyo Institute of Technology

Introduction

The study of the ground behavior cannot only give an insight on the structure of the ground bus also on
the expected impacts of an earthquake. Being able to estimate the structure using non-destructive
methods is useful in different areas of interest in civil and geological engineering.In this research the
objective was therefore the identification of the boundary shape of a two-layered media from an
output-only system. In order to assess its feasibility though, a parameter study on a known input-system is
conducted.

Models

The modelled area and its parameter can be seen in fig. 1. It is modelled using the finite difference
method (FDM).The FDM is a numerical method for solving differential equations. The area of interest is
discretized into a grid with connecting nodes and simple properties.In this first estimation, only the
SH-wave, a elastic body shear wave in horizontal direction,is considered. In total 5 different shapes and
depths and 6 different velocities of the sediment layer, as well as some special cases, are considered,
resulting in over 60 models whose singular value power spectrum density (SV PDS) and the first 4
eigenmodes are compared.

The SV PDS and the modal parameters were calculated using the frequency domain decomposition (FDD)
method. In the FDD method, assuming white noise input, the solution becomes independent from the
input. Its formulation is similar to the singular value decomposition, which allows for estimating the
eigenfrequencies through peak picking. The similarities also allow for estimation of the mode shapes.

Results

Comparing the results of the parameter study, some clear regularities can be seen. As visible in fig:2
(mode 1), an estimation on the ground shape can be seen. While the mode shape of a triangular sediment
layer is independent on the wave velocity, this is not true for a more rectangular shape. By comparing the
SV PDS, some estimates about the shape, wave velocity and depth can be stated, which can be confirmed
and enhanced by evaluating the modal shapes as well.

The peak frequencies belonging to the eigenfrequencies can be seen in fig.3. There seems to be a
correlation between the frequencies. Further investigation and quantification seem to be fruitful.
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Conclusion

It could be shown, that a rough estimate of the ground structure from the modal parameter is possible.
The estimation will be more certain when comparing it to a before acquired large database. It is important
to keep in mind, that real ground conditions do not show that clear shapes, homogeneity and distinction
between the layers.

Further study and quantification of the relationship is advisable.
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Subsurface velocity structures from seismic bedrock to ground surface
for Tokai region, modeled to enhance strong motion prediction
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J. G. Anderson (2004): Quantitative measure of the goodness-of-fit of synthetic seismograms, 13th World
Conference on Earthquake Engineering, 243.
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Classification of ground type for ground motion prediction based on
regional characteristics of AVS 30 obtained by microtremor survey
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L& L7 2EB®20165F7827HA57A3T1HDOEAITIFBE SER %488 TEM L. &AICIF20134F
ICFIA L72HzBE R MRS L W S REPN D 2 8 o sE R a iR BGRZERR > R 7 4 (V1 —JEP-6A3P, O
H—LS- 7000XT, 7 ¥ 7HE&HERXK) #FAL, SRHFFIEISNRICOEI0NULEE L. ZRThO&RIC
BT BRBARMBTERIE, W - (2014, JpGU) B LU - 1 (2016, BARAKILUER2016FEEKFT
RKE) THRELTWS., SHIFBRASRI E OWEH/V AR MLEERWT, ZOEHEAR, Rig, ARk
IWHOERE LTRAMICOVWTERITZED . ARERTIIERMEIH/VARY MULILOBFMSEZ 5Nz
CERRESESE TOMBIREFIEDOEE DAY, FEMEDDHEDEBREICOWVWTHREEZITD.

HEE  AIREARER S R T AL D WTRRRAEMERARAABRARTO IS LOEHEZIFE L. NE
FRBESTORULKICEL TBLEEREAMEZEAMBFRES RS L URBESEBIRIICTELTL
fEEE L. BBBEATREHEAZRONEERNEK, BEHEMK, BAE-K, WETK, ANEX

K, AXABERICHBALTWLEE LA, BLTEHSBLET.
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At EERE IR & KIERE R 7 R — VB 8% % F L\ 7= BRSO #E
E
Estimation of soil amplification using seismic records observed at

dense seismic network and deep borehole stations

‘BOMNF . NE B RH ES
*Shinako Noguchi1, Osamu Murakami?, Yasuhiro Asai?

1. (AF) HREFNRESHARIRESR, 2. RIRMERFMEMR
1. Association for the Development of Earthquake Prediction, 2. Tono Research Institute of Earthquake Science

FRMERSEMEM T, RBEERBMIFICEROKXEERT FA—IVEAESE, aFECRRAINHER
HEEEELTVWS., HREK THEONZEREOHERRE, ThEeRARKICBONIMPREEZFRT S
& T, HRERRMICH T HhBIBESMEASEET, MMICIBETE2A8ENHD. ARKKRTIE, HERLHD
KES)/ ETE (H/V) ARSI ML LUK/ (R7HR—IL) ARSI MLEEERWT, RAEOHERIER
HEODHREHET S.

6HFFDR 7 R—ILERIFEER D S 5BYB (FRALL) Tik, $AE7L 1 & LTGL-30m, GL-60 m& &V
GL-1020 mICHIEEE A RBEINT WS, MEEFBOKEFHSKEIRDICOWVWT 7 —) TIRIBARY ML A &

Y, BREDIEESTDOBTARY MLbE &3 E, GL-60 mEGL-1020 mDBEIDIERIEFR2ENFNLUT
THho7—7H, GL-60 mEGL-30 mOEDEIBIIFEATIOEREETH 7. UTDHERE DLLETIZGL-1020
MOEHREFERT S, RT7HR—ILEFKIEHBORELSHHMRORITEOFELZIITVWEEIND

A, GL-1020 mTIIHRAN S DERARC MR EDEEIV P TR MEREWVWZ DL, AR TIEZDORE
DI IVWEHRL, BOBATRIET S EET 5.

BERESIRIIRBEREEHRAHRDIC, EXSOMAI’EBREINTWS., SBHSEED /1 X585
GL-A4mICERBESNTWEY, ZOZFEELYT (WASRT7HR—IEALRET) OERFEETMIZIE &

L, L4 mORBHIEHKICKIFTITHEIRICHNRRIATI2FETHD. INOLDEHAAT, LENETTE
EMEDRFBOSKEBDICDOWVWT, ZRNEFNOERSDOH/VARY MLibE, BYBDGL-1020 mE DR/
AR MNLEEEE D, EBHFIRICIEVBYBA SERAIDILMAIEIZHO26, H029, HO39DIEBRICDOWT
&, £FTHO26DH/VARY MILELICIEZEEERILEBDER I N, ZDWLERIE, BYBEDRRY MLib% &
52 &T, HO26fMHEDKIESHDIEIRE ETFEIDIBIBICENETNERT 2 MRSz, —F, xbEENL
HO39TlE, H/VARI MILEEIE 72y MT, BHIZLWEAERohAN 7. BYBEDARY MLEEREL D
T, ZODBIEIIBYBEHO3IDMEREDEWIERAL, HEDKEBMBICLZ2HED TRV EMNHESN
7=. HO29IZDWTIE, WINEH026 & HOIODRHERREDFHER L. AT MULICHER L HE
REDOSKEDOKEFHZRINEEICDOWT, BHARBOLLOIELEALLET 5 &, HO26(EBYB-1020mD#12.5(F
Eo7=DIZ L, EH0291:#1.84%, EHO039IE#1.3ETHo7=. TDZEMD, H/VARY MLEEDFIK
(ILDEE) SMEERKICEAFEIHZ I ENTERI N,
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XN=)b - A M7 ABMOBEE R SIS 1T 5 HhEIBIERFEDOIBE
Site amplification at strong motion stations in the Kathmandu Valley,
Nepal

*EiE BTF' . SH % Bijukchhen Subeg®, Timisina Chintan *, Bhattarai Mukunda®. Singh
Shova®

*Michiko Shigefuji', Nobuo Takai?, Subeg Bijukchhen®, Chintan Timisina®, Mukunda Bhattarai,
Shova Singh*

1. Ul RZ, 2. dbiBE K2, 3. Khwopa Engineering College, Nepal. 4. &/X—)L FE¥4& ShLhERF
1. Kyushu Univ., 2. Hokkaido Univ., 3. Khwopa Engineering College, Nepal, 4. Department of Mines and Geology,
Nepal

IN=EFEA VY RTL—bEeaA—F 7T L—NDERBICMEL, BEICEZ OHFEEHEHI/FKEL TV

%. 20155%F4B25RICER/8—)L - T HHE (M, 7.8) BREL, ZTOBERELYEBEAOFRETS Y

ICBWTIHBEZABOEENEREEIhTWS. FH4ld, JICA-IJSTSATREPSZAY 4 ~k (2016-20214F

B, X*N—ILEYFVYEAMEEL ZOXKERROBEME, KF : HE—E) O0—RE LT, EXMEICSIT
ZHAMNT U ABMOBESHFTAOSKELEZBENE LT, R—ILOBEHAMNT Y INMUBTZ2H MYV A
HicHWT, 2016F11AIC4ME, 2017F118IC5HS, 2018FE58IC1HE, 10t S/ ICRESt A%
BL, ERSAIEZREREL TWS (Takai etal, 2018) . REYH, HMMOARLERENKRICLY, T—9KR
BA%ihs - REBICBWTRE LD, [WEKEEL, 2018F11ALISRERELTCEFELAEOSNATWVWS., K

RETIE, FEEHANPTHEONLERZAVT, HEBSKEBDDH/VARY MUtbZRe, BERROME
B A IBEL L.

AT XRBMOME & ABASMEE FTRICRYT. A by XRZMIZERN25 kmDIUERMTH Y, K
HEMHIELLTEDY, BFEIZ600 mE#BZ % (Moribayashi and Maruo, 1980) . &ifl&=(i3, REBEBRD

jt (Jhor) &3 (Sanga) DEBEY A h EiC2ihs, I SICHBBLEIC, 2015FR/8—)L - TILAHETEY
WEHNEH L7 (Balaju, Sankhu) , Chandragiri#i/Bififs (Thankot) , &Zhf® (Sinamangal) , £
BIABEAZEL T (Thecho, Kapan, Kharipati, Lamatar) ZNZFNHBEL TW3S. THSEBISTRED
/"OHNTWVWBMLA3~5.2D5MEDREEAZHZICK LT, SKMEEEDN S540.96ED7—1) TARY ML
% &Y, 1®0.1 HzDParzen window% e L 721%, KFEEIR D D2FFHFE AR ZRABEBK S THRL T, tEE

H/VARY MLk EReDT=. B8Y 41 KDlhor¥vSangaTlE, 3~4 HAREICE—IhHBDICT LT, HEE
ETIX0.2~0.8 HzDEEEFBICZNhEFhE— oD H S, 2015F/X—)L - TILAMERICH bV XEHh
ATEICRCEEMICEWVWT, FICEXLGEMHENEF L7=Balaju (i - 1, 2016) TIE, 0.8 HZFAZEICEE

ERE—VEBLTHY, BYREICH T2 HBIEEEE E OBRIATRERINS.

ATV XEZICEWTIE, 2011TEIB A SILEBEKRZE & Tribuhvan K2 & DHEREE R = (Takai et al.,
2016) H4thes, 2015F R/X—JL - TILHEDERAEEAS (2015F58~78) & L T4bHEHE

L, BRZNSDBRURTH/ONEFRBLURERHZAVT, SKEEBEETTILOEE (Bijukchhen
etal,2018) L, ZDWRAZEHTWS. Sk, FEARICE T 2BARHEZMATREITSFETH 5.

HEE KFFIRILJICA - JST SATREPS (JPMJSA1511) DBIRKEZIF TERBL X L.
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201 8F RIRIFILEBDMMED KIREEFICH (T HBEE> I aL—2a Yy
Strong ground motion simulation in Osaka Plain for the 2018 Northern
Osaka Prefecture earthquake

BOEF. 25 o2 B5E8 o

*Haruko Sekiguchi1, Kimiyuki Asano', Tomotaka Iwata'

1. REBRZBA KRR AR
1. Kyoto University, DPRI

1. XIS

2018F6 H D AMRFILEDMEIX, 2013F4B DRBEDMELIR, KIRHEBRAMIAETEL/M6Y XD
ARY N THoTz. KIRHBRIMTTELEZI &N, FICKREBRMATIIEESREDORIC, thEREHE
EBEBREMOLZERTRCPAMIKHCRBADOFIEBEICK > TER LAERERAGE EEZ SN B FEIERA
IhTWwa,

K2 X KRIRHEERZHDOIRTEREEBEETILEWER L (Sekiguchi et al.,, 2016) , 2013FRBEEDHETDH
EHYIal—rarvsaEiToT, EFI/IOWKIEE HEBQEDHET% L TW3(Asano et al., 2016). KR T
&, 2018FEKRIRFILEDOMEATRICHEFH I 2L —> a3 vETY, HBERMOEEBETTILORIEE
BMEMERA N XLDOEPEITD. 2018FKRRFILEIBOMEIX, ZOMERE L KIRFEEHFETFTORED
7=, FHOEH SR TIE2HZAIRDMEEBN S L THEY, KHARIE2HZBIRICERZ U TERFTETD.

2. KIRHEBRMBDIRTEEEEETIL

HEENS I 2L — 3 vICAW=Sekiguchi et al.(2016)IC & 2 KIRMEBEAM DR TEEEEETIVIE, 1B

N - BRO0NDETIbEEARE LT, RESAMEBIFENKT, MET7LARE, -V YI7—9F%2kL

TERSI Nz, T ZITIFFEH22~24FE DO LA ETERATHANICL > TERINEEREHEREFA

TV, Tz, ETINIEEMERFDL ¥ —/\ERMBITIC & ZPSEHK, BEAMEH/VOE— 7 BHE

IC&Y, SBRYA FTICB I 2RBEBREEEDORINTONTWS. £, RRAMOEESBEET I
(B0 - 4k, 2018) Et—HWHLLNTW3.

3. BEHVIaL—YarvohE

ERETIVICIE, 200 BEAZRE LRAKH2HzE TOREMERF A ~/\—Y 3 V%17 > 7/<Asano et
al.2018)DAEMRMBET L ERAWE. HEB IalL—ravik, £9, ZOEREFTINERBROKXRR
- REAMDIRTEERBEET I 25X TIRTEDE (Pitarka, 1999) I & W EFEH2HzE TOFEA
To7-. WHEBOQEDREIX, Asanoetal.(2016)NKDI-EDEA VL. I 52, HPEBEN S 5ERER
OHEEGEE, HH -t (2006) & 2XBHBEEET T IV AVTHMERMLZE (DYNEQ,FH - K
2, 1996) IC&YETEL .

4. BEEIVIaL—2avOER

STEShAMBEBORAEELH T, BERLVEE~BEABICENNICKEWMEN LN >/, ZhiE, 2D
OHEED D 5IREAEERADET NEBED X W =X LICHBT 2SRDST 1 T—Y 3 vy — LRIRE
BOFENECRN, IICKRHEFERMIC KL ZHEBOEBMIRA MO > TRS N EMIRTES. &
7o, AMImAWCHBE TOME R, ERS FEOMBTHRANICKRAERENMKRE WHEARONS. Th
13, EERSOELICLUMBBROKREA MITON, BROIRILF—ICEFIRBELILICEZEEZILN
3. D& BBRREEOLHMIRE, KBRICIE, RAEOIHEEALTWS.
SHEINCERHBERZE, BEERMRBLARICABADSH S I B TERERNFEEL, KRB HFRANMEEL
THEMELREBIER SN TV DD LA S, BEFURICIE, HERAMERE O hRE OFDEERME (HIX
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&, 7%, 2003 ; Tanakaetal., 2016; &M - fit, 2018) , ZMiHEEH L VEH TFICRIET 2FMBEBIC K
ZEBOBREEBENORE LAELRARBRENHY, BAICE >TIZNONEESEL Y RKEARIRIEBEELT
W3, T4 I—>3vRy— tWREROERND S EESKORBIZLLENS Mo 2dY, ZO%, Z
TAI—23a Ny —Y L WREBOREEDOKRE WEFAAASF LAESENSERFTEEL DI, BE
SE& W RELQIRIBICARS/ZIFEBRONE. KIRTEFAROHMEE R ROEARR & KT 2 &, BREUEDE
FIIERHELCHRIELTEY, AVWEEEEBETTIVIE, REROER - R LAEDEZMDBEIELS L ZBIR
TETWREEZTWS., —74, SHEMEBOEERID OIRIBIGEAICLERSEMINS L, BRETIVE
SRTEEEEET I ORKISKBBIICHEEIHZDTIEBAVWHIEEZSND. RE, BERICOWVWTTHEL
BREIECBATMOEREAR SN, 2HZAESHT 2HEHOBRAEICH LT, AVWAEQEDREIXES
TWERWEEZOND -0, RURREERRI I FETHS. £/, BtinIa O &Bl=E, BEOBIR
NELLBRVRDH Y, HEBEOREME TCOETIVEHRIEEE LTHIFSNS.
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A

Ambient noise cross-correlation function analyses using continuous
observation data by CEORKA

IR B

*Takashi Akazawa'

1. (—R4) i ik IRI% FoRAn

1. Geo-Research Institute

Rt IC AR RERRER = R L TV 2EAMESRAMRHEZS (BEWH) (&, 2009F38H,5
2011’:F8}%L:7b\b"c EREVAICRB LT —9 04— %22 TOEMEARICIERERE L, ZOH L WE
ZEICLIYELNZEEKRIE, BEIOCHWENIESDXT, LB TEWEEAE TSI ENHELINER>TWVS
(R - ﬂﬂ, 2013) . #F - 1(2011)Ik, 1 BifEOEMEAGEHRZFA L T, MERFSHEICLSZHEE
EEEBEN 1T o7c. TOHER, MESINABARES ) —VBEHRICBVWT, FBRASRTICHEBT 28D
NDESREDEEEZHREL, INSDESERBEDCDABTTOMMEEZET I L, D ENITOEHRENE
Wi0.3 km/sDEEE IS BABIRY R Rayleighl R DB A BT 22 &, FAnxlL7, =5 T, ZTELLEAHEAES:
OIC, 1FEREORHFAFATILEMEEERINTWS (LT -, 2010) ., KR TIE, KIRHEFERH
BEETIORIES LUV ZORELERIEA T, REBEOEGEAGCSZ M L /-85 EFEMAKMAEN %~ £
L, FURELAEBASEY ) —EOHME %= A7,

T OFIEIL, KIRFEFICEBSRAIREZERL, Son/-EGEAEHEFA2F R L CHEEEREEMM@ETE=EL
7=, Asanoetal.(2017)%8EIC L1, EBAXBEOBERIZ302EL, REDOELINA—N—Fy TFT5 &
S (159 2FSLANS) EmHEISTIVE LR, ZOB, T—9nMREL LCIFBEIMLTWS, B
DREINTVWARW, FICKYBICKEEZ X2 XEIFMRA L, Y B I N RFRIERRICSIRME &
FIEYIIRONY RN T 49 %L, Running Absolute Meanj% (Bensen et al., 2007) (Z & Y iR
E%BSRESEE CEMRE Lz, HERBERREEELE, COLIICLTEONAEARRBEOHEEERBREN %
BEBTEALTEONAENE, BlaEI) —VEBERR L,

E1IC, BFERO—PFlE LT, MM LERARREICHT TERAABICITIF—ERICTIER A (Bla0
ZFREMBIFFRZE - 1(2013)%SMR) 2RI, 201 7FICHASINEZTEQD ETHROEHEI OB INEE
BRERT7OSBRES ) — U BEH (BRHEE0.2~0.5Hz) %, HUSAMEMTR—IAMN7Yy T LTRYT
(22T, HEEEREBOHERET, BRBMBETORARY MERTA M=V JHREIRIT>TUVA

W) . BEIERRT%E [Site1—-Site2] £33&E, EDT YY1 LlESite 1H5Site 2AD, BDZ T 91 A
I&Site 20 5Site INDESDEEAERLTWS, H1ICEWVWT, {FEAABZ ) — VBRI, BRIERSICTL
THRERDEDIZ, SNEEABWESKENERTE 5, H2IC, MOT-FKSR7AWRIZ, 201 7FEICEBIE
NEINBEBEDO LTSI SHESINABASE S ) — VB %E, 1E20RHENSHMHEI N B (K
1EEL) EHARTRY, FREFOLITRLUEZBIEIZ, BEEEBRHROESGHE2RY, AROBRHRTY —>
BEICIXE=EHUENROON, RELABASES ) —VvBEHEBSZLHICIF, PR EHT1EHRREDSTHE
FMETZRENH B &N, FNRFTTHREEIN,

*%Kﬁﬁﬁ nE - f(2011), BARMBKRERFZES2011HFKE, SSS023-P31. IRZE - f2(2013), HAM
TERMYXE, $F134%, $45, 4.55-4 67. IUTF - f2(2010), REBREHKARAER, H£535

B, 175-180. Asano et al. (2017), Earth, Planets and Space, Vol.69:108. Bensen et al. (2007),

Geophys. J. Int., 169, 1239-1260.
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Examination of waveform in development of simultaneous 3D seismic
reflection survey for shallow water using underwater speaker

SNIVER', B EER. El FEshER. A EFS RS EH R HE sES
*Mayu Ogawa1, Tetsuro Tsuru1, Seishiro Furuyama1, Jin-Oh ParkZ, Chen Guoz, Kosaku Arai3,
Takahiko Inoue®

1. REEERS, 2. REKRE AQUBFEMRA. 3. EifRAREANEERMHRESHRAR
1. Tokyo Unversity of Marine Science and Technology, 2. Atmosphere and Ocean Research Institute, The University of
Tokyo, 3. National Institute of Advanced Industrial Science and Technology

1.1xC®IC

WEZREE IAINICREIELMEREFALT, HTOME#EEEB2-DOEEERTHD. TICERFE
BERETCHAWLNS B L= RITREGEMEZFREGLT, 3IDMEZEDE)ITOR MIEL, XREEPHADEET 3
BETOREN RETH 5.

KO TKRBE TOMERERLZRTEETHZ I ENEL, BONIBEHRMNURLOATH S0, MHWLE
RIIHTEDE % HA W,

ZITERINEZON, HNUSRT LI BRABFRIRARTH 2 (ERITUBEEKRE, 2017; %8, 2019). HxOHRE
TJI—T1F, I®RRELTHENINWARIRBETHEZKPRAE—H—2EHEAVERRIRIDMBEZFEE S AT LD
ERLICETTHEEET>TWS. BROKPRAE—H—E—FRDBIRT—TNICK > TEEETHIZ &

T, EDOBEEVRATLLYMMAENEETEZENTE, BIR M OBEEDAOHELEBTZ &
AREE A2 B (Tsuru et al,, 2018). AV RATFLADRERIIEFICHTEARE, KENFEEICERL, MBORITIEL
WERICEWT, BETI100mDE#ESE4EANTE2IE2EHMNET 5.

2. RIRRR LA BR

2018%F8AH, BEHICTHELEBRAZT o/, 2BEDODKFRAE—H—I L DORIREFICITERBRIORELRD
SUYTLEREERLE. BRI, ALEVX - VM RIYDRUT VY LAREFEERAY, 2BEOREAE
ERAWVWTER LA, 1213, sinBEMIHbEREICK>TREAZEBSMILTERLEEZ)., £51D20DK
L, -1E1THEREND/NILAES VS LAICRBET S EICE > TER L=,

F7z, KBRRTIE, SKPRE—D—DSFEHEIRL, N RO+ VICTERERE L. S8oNnEER
R L, HEMEEERE BIRNESE S FIRRN 2 5 L <.

3. 1ER
BLEARTEON-RHGMEN LT 2 KPR E—H—DORBEEREORRBRDICE ST, 853K
SMEROBEICENH DI ENbh o7z, KERRICTKARE—H—TEDEEERLLET S, KFR
E—H—OTIE100HzLL L, KFBFRAE—H—Q@TIZ300HzLA LORREBR AN S HEANTES Z EHERTE
=, ZDRYH, KPAE—D—QTRESNALRHAMERIIE, KPAE—D—OTHRLNLLDELET 2L
BEASDMRETIZH DD, BEBEHRI LY ERBREZRITZ78, BETI100mOFHMREEE % &8
TBHIEIFTEAN /. T, sinfRENTEDLEEFIEERER S NMERBEICEHR L TWH, Kb
ZAE—HA—Q@TIIHALEL AY., REMERIFZ/ 1 XOFEEZER ZIT-.

ZDZEML, KhRE—H—QTHERBER N ETIOLOHICITIREEL LOZ2ITXILF—DPRETHS. L
ML, KBEZAE—A—DRIRUTERZTELRIVIERESNTWS, 22T, FICHEEEREICH#ESS/NEEDE EIC
LBZEEMLBGBFELNILOMALEZ B LEIREVOBRRZTo7%. S0, ZhoDBRICSODVWTEREZMA
5.
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underwater speakers in Tokyo Bay,Proceedings of the 13th SEGJ International Symposium, 2018.
BT, BIEEERE, BFEEFRE, 46, 14-20, 2019.
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2017.
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