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Fig.1 Travel time advances at Kakegawa Hi-net station
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NIED ( National Research Institute for Earth Science and Disaster Prevention ) has launched the
project of constructing an observatory network for tsunami and earthquake on the seafloor, after
the occurrence of the 2011 off the Pacific coast of Tohoku earthquake by the reflection that we
could not monitor the expanse of the earthquake and the tsunami outbreak on site and in real time
due to poor coverage of observation in ocean area. The project has been financially supported by
MEXT ( Ministry of Education, Culture, Sports, Science and Technology - Japan ).

The observatory network was named “S-net”. S-net consists of 150 seafloor observatories which are
connected in line with optical cables. The total length of submarine optical cable is about
5,700km. S-net system extends along Kuril and Japan trenches around Japan islands from north to
south covering the area between southeast off island of Hokkaido and off the Boso Peninsula, Chiba
Prefecture. Each observatory equips two sets of quartz type pressure gauge and four sets of
three-component seismometers. Digitized data from those sensors are transmitted to land and used
for early warning and precise measurement for earthquakes and tsunamis.

Two Japanese cable layer ships, which are specially designed for installation and repairing of
submarine telecommunication cables, have been used for installation of the S-net submarine cable
system. The S-net submarine cable system including the observatories is buried 1m beneath the
seafloor to prevent from interference with fishing industry in the area shallower than 1,500m water
depth. Those cable layer ships have capabilities of burying submarine cables. The S-net submarine
cable system was originally designed to be deployed with the cable layer ships.

Three of authors are now board on C/S SUBARU, which is one of two cable layer ships described
above, and in charge of installation of a subset of the S-net submarine observatory network which
covers the area between east off Aomori Prefecture and south off island of Hokkaido. Installations
of 23 observatories and about 800km length optical cable on the seafloor will be completed shortly
after.

We will report the progress of the construction of S-net submarine cable system in this
presentation.
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Seafloor Observation Network for Earthquakes and Tsunamis along the Japan Trench (S-net) project to
construct a large-scale seafloor network of cable-linked observatories is in progress around Japan
Trench and Kuril Trench in Japan. The S-net consists of 150 ocean bottom earthquake and tsunami
observation stations, ocean bottom fiber optic cables which are about 5,700 km in total length,
landing stations, IP-VPN network which delivers data to data centers, and data centers. The ocean
bottom fiber optic cables connect the observation stations to land, and they are drawn inside
landing stations.

We have constructed five landing stations; Minamiboso station in Minamiboso City, Chiba Pref.,
Kashima station in Kashima City, Ibaraki Pref., Watari station in Watari Town, Miyagi Pref., Miyako
station in Miyako City, Iwate Pref., and Hachinohe station in Hachinohe City, Aomori Pref.. The
Watari station is located on the third floor of reinforced concrete building, and other stations
are container-type data centers.

In the landing station, there are a high voltage receiving transformer equipment, an emergency
diesel generator with a tank which can store fuel for one week, uninterruptible power supplies
(UPSs), a power feed equipment (PFE) that supplies constant DC current (1.1 A) to a submarine cable
and observation units, optical receiver transmission equipment, optical wavelength division
multiplexing equipment (WDM), GPS clocks, data conversion servers, data transmission servers,
supervisory equipment, and so on.

In each earthquake and tsunami observatory under sea water, there installed two sets of three
component servo accelerometers, a set of three component velocity seismometers (analog outputs),
and two quartz type depth sensors and a set of three-component quartz type accelerometers
(frequency outputs). These data are transmitted to the landing stations as the digital data which
synchronized to a GPS clock signal supplied from the landing station. The data of frequency outputs
are frequency count values at sampling frequency of 8 kHz, and these of analog outputs are
digitized values by 24 bits AD converter at sampling frequency of 1 kHz. Data conversion servers at
the landing station receive these data. The 8 kHz frequency count data are converted into physical
value data of 100 Hz (acceleration) or 10 Hz (water pressure and temperature), and these physical
data are delivered to data transmission servers. The 1 kHz digitized analog data are converted into
100 Hz data by decimation filter, and delivered to data transmission servers.

The data received by data transmission servers will be transmit to Tsukuba data center, Tokyo
backup data center, Japan Metrological Agency (JMA), and related institutions via two control
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center using an IP-VPN network.
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detection
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Simulation of hypocenter determination of assumed hypocenters by using S-net stations

*BIR B, B B3, R #E. 28 95 BA g B0 M- ] = YR BE 54 =5
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*Takashi Shimbo', Kenji Uehira', Toshihiko Kanazawa', Masashi Mochizuki', Hiromi Fujimoto1,
Shin-ichi Noguchi', Takashi Kunugi', Katsuhiko Shiomi', Shin Aoi', Shoji Sekiguchi', Takumi
Matsumoto', Yoshimitsu Okada', Masanao Shinohara’, Tomoaki Yamada’
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BETCRAITIMEVEREHRUIT I LHIC. BRNEEBEMERRERNE (S-net) OREHEE2011EH
SERLUIZ. S-net@BHEHNSIGEEHRZ TIS0NEARERBL. ZOXREMBEIRAAA CHEBHMICER
AE) #930km. FEEALARE CEBE#ICFEITAM) $50-60kmTdr Do S-netDBIE(C LD, BHREHRPBEAMER
BECNITEIDERCHERI D ENTREICH D, BETCRETIMELERAITSHICE. BETCH
(TRERDIH. RENER. IERREBECONBEEESRBETRY. BHATTL—~EMEREFHED
B, TL—FBIECHFR0THNERBREEARDINENRH D, CNSEFMICARDEHICIE. BE
TTRETHIMEERELSREIT DI ENREABTH D, BRIE. CNFTEHSFLNEEMESTRES N
2201V ERIEEHIEDRE [Shinohara et al. (2011, 2012) 1h\SS-netBHBAIS I CHOEREAEIBZET
EBREREETU. S-netDERRAERBEERARTEC, S-netBlmOERRAEBENCRBEED(C(E. 201MEXK
EEHRMEOEREL D ELEE CRRDEBIRETSCEEEETH .

AHAETIE. S-netlCLBIEBRRAERBEEEMBT B2, (RENICEEBLZER (REER) H5S-netHEl
RECOERERERAVBICEICED. BRRENIYZ2L—TaVeETolz. TNERIE. Ib#E35.5°H 51k
1840.0°F T0.25°RAFR. 1RE140.5°H\SHRE 143.0° DEEHE(C0.25°RAFR. SFE S 5-50kmDEEHE (2. SkmREGFS TIRE
Lz, ZOHIEHRIIINVETH D, (REERNSIKEARITHEREREAE L, ZNERERHSRE
BIRDPRESEDOEERZ T —IZEK Uz LT, ZOEZERZN Shypomh [Hirata and Matu’ura

(1987)] ZAVTERRELC, CDF. S-netBIAIRMRERBIEL. S-netBERIL— b~ ETITONIZMTEE
HE. SICBEDBERENTRESE(C. BAREIRELZ. ZORBR. RESNZEREINMET

Holzo RESNEEBREMEEBRELR TS L. 19ENERIIFEBRICHUERE L FEBRRTDER
M3kmA ECTd 2Tz, KT, BEZHNS100knU EHEECIRE U EERERERRHDICEMTEL

oz, BN SIERENEEN D EBRREBENEB LD, S-net TRERRECTETIHEEERANSC
CFEETH D,
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T EEL(CH (T BN ERARDBER (20 4)

Construction of the seismic observation network around Shimokita Peninsula (4)

“TO BF. EE BE. TR 83 PR FAL. BE B KB &, LA BT
*Shinako Noguchi', Yoshihiro Sawada', Keiji Kasahara', Shutaro Sekine', Yoshihiro Tazawa', Hiroshi
Yajima', Shunji Sasaki’

1. NBUEEA HEFAHREMTIRES
1.Association for the Development of Earthquake Prediction

HAERNTI(E, BERIZEMATRAIC K DaREMESRRMEHI-netZ (U6 & T SRAZLHU) \EERIEMNRE
fEENTVSD. ULHhULERS, BEIEEH SILEERAARSCHTI TOMB TS, MMEICLARTERIRZBEN
B<, MEFELE EMNE AROBE TR EFEUVWRETH Iz, 22T, TiLEE, FER¥
B, IbEEmiaNCEREDHMIEEANE (AS-net) #&HEL, MEFBOERTE SV VIERRALE
(BAAR - 1t (2014) 7XE) . AFEKRT(E, AS-netDERIT—SERAVCFHNERRAERRE, Bl-—5%H
VWM OIBRICDVWTIRET S.
ERRAEFERENSICEEMAARICHNI TOEBICER O TITS. BRRECIFAS-netDIER R DM, TR
[T, BosSRIZRAMpAgErT, SARTKE, HILXE, IBEXRE, ERRICLIFHASRZEZ, B4R =D
F—SEFEHATSD. AS-nethE s ERRIIA L B M2014F98H 52015FE 128K F D165 BRAICDWLT, #HiE
AT LEBUVEEBSERREEZETOIZECS, BIERTIARY RRRESNZ. CNSBEEIEIRICD
VT, FRCLIBEEERBRAEETORECS, 2180EOBAMENRESI N, BEIERICDVT

(&, AZEEAERMME, YUEINRREFOATIE, BDIRBRAMTHh e, Tz, BALIME2880E D S 51855
FEBERTRIINTG, KKRTO—TERICEDVTEFITRELRZ. Kb, K, REFEO—TLE
EASOTCIE14041 RY RREHINTHD, IRV RETHD EAS-netlC &k > TREIBEDAMSZIU E(CHE
LicEWVWZRD. BT, AS-netBEEBDPLICH 2D TILHERBOBMEREAITE, FBTRESINZAA
YV REE—TuiE A IO ORMEEE S 12,
ERREDZOHDOEINSFBEEESDZ, BEERNTL—RE - L —RTEREC 2 IZRVME (H>60

km) D55, BEODHBHUAZEENICDUVT, PEKLUSHOFENRAE E BRmERFNDE (0-0) DFHEEET
Bl BARCED0-C(HIHEEHIENICR > THmLTHD, PEHESETREMERE RLE. iz, S8
BEONVOTSHOYR 1 BB SHELURZ ) 71 ALRILOBUVRIFE-CEEIHENNSE L, AICEDIBE
RZ0, EVWSEERHFSNZ. /A ILANILOBUVRGEBRRES, 1 MFEICKDIBEBN NSOV EE
TUTVBEEZXOND. T, Y1 ML K BIMEROBZEDEBERMNNST VRIS T, 0-CEEEDV)

SLEBCENFRINS. UELD, 0-CHHEFFHFARDOY 7 MFEERRL TLWS CEREMITSN
3. LD, BENRO-CHHEICEDVW CTHARHEEZ RET S ENRYMENTRINDS.
2%

iR HAER - ZH &HiE - ¥R #E - ERAK 8 - B2 BiE - KB &, TIHERDICS(T3BUhEE
AEOBE, AAMEKRERFEER014FE XS, BE, STT57-P09, 20144F48.

HiE

AWHETIE, [IKT, PSR, BEXRE, FILKE, shBIKE, BRECKDEH - BRI N/zhEER
F—AEFRALULTVWEY. I, [IEFTICELB3—mEitEASIOTOFT—SEERLTUWETY. 2L TRHEL
zUET.

F—U—F RS, TS, MER

Keywords: Seismic observation network, Shimokita peninsula, Earthquake detection
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Za1—3IRY D=0 &RBUVENLRETICH T B MERIRE FEDRHER
Development of the seismic signal detection method under low SNR condition using an
artificial neural network

“EiE BT MR st &R &L R Mz MR ESL B KE £ BF
*Kahoko Takahashi', Yuya Matsumoto', Zhe Sun', Kazuyuki Koizumi', Tatsuya Takeuchi’, Hiroki Uematsu’
, Ahyi KIM'

1.BORMIL K, 2.BERE KE. 3.8 EXE
1.Yokohama City University, 2.Yokohama National University, 3.Senshu University

We have developed a community based MEMS sensor network, Citizen Seismic Network (CSN) to obtain
the detailed strong motion data which closely linked to community’s life. In this project, we
developed a sensor unit which detects strong motion and process the data. The unit is composed of
12 bit MEMS sensor and Raspberry pi. Since we expect the unit is set under the high noise
environment (e.g. inside of house), it is important to discriminate between the earthquake signal
and the others. However, under the such environment, the conventional method, ratio of short time
average and long time average (STA/LTA) which depends on the amplitude of the signal often mislead
to pick noise as the signal. To overcome this problem, we developed a method to detect and identify
a seismic signal using an artificial neural network (ANN) which utilize a pattern recognition. In
the initial test, we used waveform data recorded at our sensor network as the training data to
detect the other observed data. We found the discrimination was successful. However, at the moment,
since we only have five earthquakes detected in our network, the amount of training data is not
enough. So as the next step, we use the seismic data obtained at the Yokohama strong motion network
and loaded noise obtained by our sensor to the seismic waves. Using the waveforms as training data
we will show the synthetic test to check the ability of our ANN detection algorithm.

F—O—R I ERRE. Z1—3J)bXY ~T—25, ANN. MEMS
Keywords: Seismic signal detection, Neural network, ANN, MEMS
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Fundamental improvement of precise and longterm monitoring system of seismic wave with
giant magnetostrictive seismic source

ER % B . R BL AR B AR BA

*Takahiro Kunitomo', Hiroshi Ishii', Yasuhiro Asai', Osam Sano', Makoto OKUBO
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BEEZRFEFNBLEZT7OF1I—5(3. BIEBIMRESE EERT. ZBAIGNSTOAREEGHRRE KU
NE@EL ). BEEBODAIERRENODLEANEFINS, FEMERZMHZA (LIFTRIES) T

(F. 20NENSBHERTFERVCERRKE (UT. BREER) ORENRIIHoNTEZ [HH - 1t
(2011) . {EBF - fth (2011) . KRR - £EF (2011) 1. 2014FEE(C(E. GPSHEERRDERSRIER R

(500Hz) MBI TN, BHREERDRES CHIWBERERADHES T, &EHICHDTRIESORT7HR—IUL
HARTOREERBCANZEBRMTONTE 2 [ARUEEA MEFRESHERRES(2015)] . LM
L. SEEICKEST. AT -5 PEBBRERBELLECS. BDHEEAPEREE(CEBLAODBEENAH S EMN
YIBAL efe®h. EREZEBR L THRANEREZESH T D,

10kHZ&EiR Y > T Y OREEHRETO T — 5 (C(E. HE (FF(C1000HzEBH K TMeHE) (CH YU >roo0v o
[CHARITBDSA VIRIRIV A ZAREENT LD, CNSEXIVFIITULTEHEHIELZH. 500HzOEAR
REZDHPRERENSBREINBIEERICIDIREESEEZA CHRATIDIIECRETH S, DD
OvORRD )1 X(EFZ<OMEENRECHEBICHOSNDIBETH D20, FEESOERENEBHEZSE
WK DICTBEo(C. GPSEFET. EERLESR. ENBIESR. EERENAZRIFL T, EREITOIT,
BHEERE. REVPZOETE. BHERTFOBEIREMNERT. 800Hz & 2500Hz T HiRT S, 500.5HzD
BRERIESTREL. 2.5ABANDI I vF U IETO RECS. EROIZZFETICH D FRI350mAR 7 7H—)UitE
5t (LT, TGR350) M 3N T AT CHESTR (2502.5Hz) MEERRCERASI Nz, IRIBIZ ETERONEEX
T, MEEFE (1501.5H2) ERXTUL D, BH. CNF THBEIBATEHASININEE KT

(&, 500Hz~25k HzE T DL DEHRIRIIHSNT. BEMRERFEEGRIALIZEINTE . B+~HEKR
DEDEMEMLB LRI FICEMNNDSFUBOEANILEL . EEFRBOMUERBSNCBRDICENS. C
NETOERKEF(E. FUHT—EBSE L THUOSNTETIZS00HZEFROBRILEA T S AIREMMREEHN
3o

100.5~200.5Hz (THzRERE) D10MEDEFRIED ERKE S U IEREE X EESE U THEEL. TGR3500DH7
MWHBADIIVF VT UIzEC B, 100—130Hz CHRBREESNERIT NIz, BREEROEHERZEZREIAN
DRILELRDY—VEBBICHET INBKEESAEIT & EF0.1sh S8 SHABRLEPRRENE SN

o CDEKDICA TS VICKDEPSEIHABIME DEA(EIATRE(CTE D e EBATHEAIICIIEVWR S vF VT
HEMRETHD. BREOMERREZCIER TSV, RIKROBHEEROFZE(L. MBEBHETD
F1I-—9RHTEFTIC. ZORETREREIL—LICELDTEITOARMNDBKLDICHE>TH D, BETHI=R
MBOHTEBENEEZISND, SE&. ERRBOFREREENR L. Y VI I+ —IATREIDIERETOF
ETH Do

F—O—R ! BEERF. PSEHE. VTN Tx—X
Keywords: giant magnetostrictive actuator, GPS time synchronization, single force
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Development of JAMSTEC Ocean-bottom Seismology Database (J-SEIS) to download DONET Event
Data and Borehole Continuous Data
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EAEEREN B F RS IRERER TS — (CEIST) TlE, 5%, KMEORENFEINT
VB HREENEERBOSENEEEH T —EINE - e L, HMEMRBHRT —IXN—IXE@ERLZ. i
Z - REHIRROFOCHLENE(RET S8, (EISTTIE, BEMESRANT -5 &L —RRICARET

3, DONETAARY T =S RHI X7 LERAAARSER > —YBHI X T LOERET > TEL.

DONETAARY b —SRHD X7 A, SFEERFEHICERBEING, HE - FREAERI T L
(DONET1) DERIT—SDBMHEI XFLELT, 2014F1NBHSERERBLTE. DONETAARY 5 —S 124t
27 I\TClE, DONET1M20ERBIR(CH (T BB E LFEMESER—5 DA, USeSHsOTNDVYIZ
Fi1—R6ME, [RKRTNIOTDVYIZF1—RAPEENRELT, HEAARY REICHUIDHLIET—5
(IRVYRFT—5) ERHL TS,

Fz, REBALRERIT—5HI XF LG, REBARNERN> XFLOEAT -SRI XFLELT, 20155
TANSERERKR L. BREAAANERNY X7 LAE, 20104FE (CERSFEERIIEYIETE (I00P) (LD, HERESR
FEEM 5w > (CLDT, IBFELEEFENCHREINGZ. BERARESRY T LICIEHENEY

Y — (LHEEEST, ERIET, BR/KEST, F|5, BEHLELE) ZMX THD, DONETEEMBEELTY 7ILS
1 LATT—IBREEMERNXEIND. REAALARERS —5RHI X7 LTI, I XFLNBEMEEDR
BETUIDHUZ, REALARSR> X7 LOEAT—5 (BR7—25) EEU7ILI T LTRELTEE.
DONETAARY AT =SS 7 LERIFARER T — SR X7 AICIE, H(Cmini-seedERDERIT—5
ERODIRSEE, YRFTLOARICEBEAS D, YT LREDABEMEICDVWTRNETOZ. YXTLE
BEITDCEICLD, A—DWeb7TUT—23uhs, BT —FEARYRT—IDSOVO-RABHE
4%, E5I(C, Web1 VAT 1 —X—TbIC LB A EU T DALY, YT LERBEOMREHNERGS
Nd. CNSOIYRTLREICLBDIAVY REREET X, 015FELD, RPEARERNT—98BHI T LE
R=RIZFLELTHI AT LEZHREL, HMEMRRBEHRT — IR X5 L (I-SEIS : JAMSTEC
Ocean-bottom Seismology Database) Z#EFEL .

Flz, YRFTLDBEEEHE T, IRISHMEHT S Mieb Services| EEE(C LT —5 5Dy 0O— RESREDH
BREREY, I-YRREBORE, RMEHRLEDBHE IV TV VYDILREERL TULD

WEMRERT —SRHI T LG, 2016FEE(CERERMKBL, S&, BEHH SERIEHORENEEIRE
(CEXBIMN/DONET2Y>, RHEAFLAERRIS X7 LOFREAIRICH (TS, AT —5SDEMEFELTULS.

F—O—R ! HEKET—5. REFWERI> X5 L, DONET. 5w >
Keywords: Seismic Waveform Data, Long-Term Borehole Monitoring System, DONET, D/V Chikyu
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