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%1% (FH) T, BREEOERIRA v 75 DEMIICH T B 7-H12, RIKICh - T2 RRR RIS
Wi L CERT I v U S EIRAMEIC R > TWD Lz, LT, X7 7 A "D EEY
(Distributed Acoustic Sensor, DAS) MWHZNLHM TH D & L, MEMEOBM O DIZEE WD O
O & R E RFR LD B EED T,

F2w [T 7 A P EATRB L OWFZE] T, X7 7 4 3t P EAF ki >V CHEBL L 72, DAS OJFEE
LHARHIPERIZOWTE & D72, F£72, DAS O LFRBEIC W TR,

3% [DAS ITBITD /A ADEEY TiX, DAS HIEDRE TH LI NBEE TICL 2HEFICHONWTER L e
1To7, AL ITHGEL IS L CRT 0 O S HEEER I X B Y RBIE 217V, AU PE S A= S 0B (L%
FER U, Fo, AFDEREZE® 2 LI EDRIC L VHES NIRRT 2L 2BHILE-, 2oL, KA
X7 MAOBRNS, HEEICL > THOBOEAWNAELLTEY, HEMHAERA EE TV Z EEZHLMTL
7o RN FOBME 2 48 2 70 WOEREEIC AS EIREE 2 8908 L, RIS O L EERR O BEE AL 2 JHE42 Z & T,
RO RIS & 40%FRE F T2 Z LIk Lz, OB G MEEGZEATH 2 & T, EHICE
PREEHIE A TREICZR 5 & THISN D A, IR ONHIRERIC L 5 BAHIE & BRI B — FEET N E2RMEE T2
L7128, BOFHCHEESROMEEEZ O LB E CHMETNREL R RN D D, ERINFHEMS 2 /M T 5
LI EEILE LT, BONIARZEMET A 2R L CTERO BT RS T 53 I 2 b— g V21T
o7z, WER 300 km &4 & LT, BI7EIEIEERHE OSHEIEHHC DWW TELE L, 75 km MR TRITMLHEIEL 3
DEBLE LT & PN EMEE N R/ NZ e 2 bR LT,

54 [DAS F— X (BT D BEMMFIERT TIE, DAS ICL WG LT —#IC &k 2 BREHRATFE, FIC
MR — 7 NV EER L ERIICOWTRAT LTz, 7 7 A4 X7 — 7L EOALEIC L 05 B xS Lot & 0
Bin 220, REOT—2 00, ZHET X OFNERREZZE LI LWIBERNFIEEZEE L,
Tbb, RENLREIRD AT N ASRESARIZIBI D7 288 L A2 (Frequency-Wavenumber, F-k)Z2
BB A BEHRAIR=2—T )R> U —2 (Convolutional Neural Network, CNN)IZ DWW THIEIL7zZ, /N7
EHUT OV TIE, BN L » TE S HEF LN WE DN b > THILFHO T —Z 245 Z & THIZEZ KR
TXAFER DB, £, F-k ZRERICEIT A NN IZHOWTHE, HIET — & OE Bt A T F-k fHikIC
BWTIEBONEEIT) Z M TE S ERLTE,

Fo5E MRy —7 N2 AW HEGR ] <, BB L 0 %E S =Rt —7 1
WIEHEE « BB AT LOTAR T 7 A & HAVT, 2019411 A 18 B2 5 12 A 2 BIZHUS L7z DAS JlET —
HEMNT L, B4 BORH LERERMTIEOBEAMEERGE LZ, £, MEIONZ, SOMIT-CIREIR S O
BALEHE L, &5\, FREEEIFHSOSH, EER L O 23T O 2 &N TE =, DAS HIET — #1256t
LCH 4 BETHRE LI A7 BRI L A HIERE & ONN T L A HUER A 28 H L, BIEM FIlc 72802 L b 700
OHEZMENL, CNNIZXV 544 OHBZRENT 22 LN TE -, £77, 2 OOFEZHEH LT 782 OHEZ K%
LTW5, ZHb % HARUHEEEMZ RN NEOEHER L i L, REEORIEK, BETH-7-, Th
IZEY, B L 2 ORI TIEE DAS [T 5 Z & C, EROHMBRN T AT A & Rk 7 E a1
MTEDHAMEMEND D Z ENRboTz, —F, B LTz 2 DORFEHRMTIE L ICROMERMES & A FEICE,
ZNEIRAATRE AR IREN-CBR BRI 0, MR D 2 & T X 0 IRFEH TR E OB O HIUER O HUE O fig
MM c& 5 Lik~7,

6 E MBI OSHBOME] Tk, AIETEONIEEEEZE LD L L BIC, SBOFEIZHOV TR
776
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In this study, aiming at practical implementation of Distributed Acoustic Sensing (DAS), possibility of
a seafloor earthquake observation using DAS was studied and demonstrated. First, noise associated with
long—distance transmission and anomaly—detection in the DAS data is studied. I proposed to introduce a
bidirectional optical amplifier composed of erbium—doped fiber amplifiers to the DAS system to reduce
noise for long distance measurements. Optimizing the gain of bidirectional amplifier, the noise was
successfully reduced to 40% of the original level. Using the obtained noise distributions, the noise of
the multiple bidirectional optical amplifiers was optimized through simulation

Second, to solve the problem of anomaly—detection of the DAS data, I proposed a new method for seismic
detection by considering the following characteristics of DAS: the signal-to—noise ratio and response
coupling are changing from place to place; a large amount of data can be obtained at every measurement
point along a fiber cable with high spatial density.

I considered the two seismic detection methods: Hough transforms of the spectral intensity distribution
in a limited bandwidth and Convolutional Neural Network (CNN) in the Frequency wavenumber (F-k) space
diagram.

The applicability of the developed anomaly-detection method was verified by analyzing the DAS measurement
data obtained from November 18 to December 2, 2019 using a dark fiber in the seafloor seismic tsunami
observation cable system at Sanriku offshore installed by the Earthquake Research Institute of the
University of Tokyo in 1996. The proposed system detected 782 earthquakes using both of the two
anomaly—detection methods. It was found that the two methods observed 70% of the earthquakes detected
by the Seafloor observation network for earthquakes and tsunamis along the Japan Trench (S—net)
seismometers. It indicates that the DAS system utilizing the two detection methods is feasible for seafloor
seismic observation as in the same performance level of the conventional seismic observation systems.
The proposed DAS system and the traditional seafloor seismic detection system have their own detectable
vibration levels and applicable conditions. It means that we should use these two systems complementarily
for more extensive and accurate detection and analysis of earthquakes.
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