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Fig. 1 Overview of the ocean bottom
crustal deformation observation system.
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Fig. 2 Timing chart of the M-sequence acoustic ranging system.



X 1045

T
LP/add sqr cor Ip dota —

Fig. 3 (a) Example acoustic signal of the M-sequence acoustic ranging system.

(b) Correlation function of above signal.
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Fig. 4 Map of Tanabe bay. Tower indicates
observation tower of Shirahama Oceanographic
Observatory, Disaster Prevention Research Institute,
Kyoto University. The surface unit was set on the
tower. #3000 indicates the seafloor unit.
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Fig. 5 Profiles of water temperature and salinity observed by STD. Tower and #3000 correspond
with the observation point which are shown in Fig. 4.
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Fig. 6 Observed two way time for two different
seafloor unit (#3000 and #3002). Circles indicate the
data for #3000 and triangles indicate the data for #3002.
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Fig. 7 (a) Observed two way time for seafloor unit #3000. Successfully observed data are only shown in
here. (b) Observed water temperature. Water temperature measurements at the tower were made at 2.5m,
5.0m, and 10m in depth. Measurement interval is 1 hour at the tower, while at seafloor unit (#3000), 1

minute.



LLTRFECESODVTVEEIICRZ S, TS
DVTVBAERDEITH, W 2DPDTV—TI5H
ohaXiicRrs, 72, ZOELDOX0O8KT
PERHEEICBLIEL TR IR Db, £
T, 4H4BLUHRNEEROT S EDFERHITK
2, IRPEHERPBOATVRVELSV, *
D%, NBREBHEETLd00, 4H20KEF
THIE S NEBEEIBR A ICE 2o TE TV A,
4H208 8T A SR E & A EHEM A 28U 3msec
BEL B, FOH21BE T T4 ZERA
FEL k> TETVT, HEEIERICEELTY
5, 21 BEL LPEEON, BRIBVLOR
FALMOBRLEELTVAEIIKKRIEY, ¥
NEDBVDDHFVLOPDT V- T EfE> THH
LTBY, HEEEL0xBDb, ZOREN2
BRIz LR, RAEERBOEVIV-Tik
R zoTLII, SHIBEILBURZ
B b, #DHKkiIE, B2 EBREIE  koTW
(A, L& DRBICKELEMMRROAT, 5
HOBRICERERT L7

Fig. 7(0)ICERBE & & Il EMEB THRB LA
KEEETRT. BRUETEIRLS320KETL
BEBXI01CTETHELLERTH 2, BEM
EEH#000TIE 1 B X001 CTETREL TV S,
BRSAOKER, 4B15BEE TIRAEFMDOK
BENAEZVY, IBUBEEBRHRELTWVS
BICRZX B, 22721, SHORGEDY S3MEE T,
KEImOPEFELZFHFETFT LTS, BEAEZE
DT T, BEBBACKEXERA LTV IETF
BRTEND, L, B4 TRIBISEREOMIC

EBHLTw3, A2, 4E21KRIBHIEIED
BIC02CLERLAHE, TIKRES Vo LEBHIR
bha,

6. &R

¥, Fig. 7TCEBNEOREHEE KROEE
HRTR2, SEAEOKRE - KBHKIC, BELE
b RoNBH, KIrrERL LTIIKRELE
HEBEOEILIHBELTVWARICRL S, 7, 4
H20BEEHIC L CHIEMED 3 msecBEA - T
WAEHEIR, 2HHOKEBENHOICTLEALAZ L
X OHEHATE DN, BREBEMN T4 178> 5208
AT, B4 DEST0.3~0.4T, T 72#300000
TH4H16BLME, WO2CTOKBLAPRDLAT
V2 5 (Fig. 7(b))o BB S8R Bk & I EEERE
HLTFLL—K LW, KBEMRICL-oTELS
ERBATHAT AL IR TH 5,
AHIR2BITHICEE SN SEES T 2HE
MEOKR % Fig. 8(IRT. TORMIZ, RE@E
REBECELDVWTED, RELAHEERTI L
PHETWELo . RALLERERSE, AL
BERKEEZ Lo E—2WNnL20rdb I NS
Db, E6IC, HBLBVE -7 ORI HHBEEOE
KPEBEET L. BEOBUL AT LTI, 0
BEBATOIRLEEORVWE A ZERI LY
FLTWLEI o, HESERFIARECES2(R
Hick>Twhb,

Fig. 8(b) KA EMARE L T 7, 4H208475

r T T T T T T T T T
1 00002 .
r a WA 04 (063), 1098 )
. 12:17:09.000 ]
o | ]
6— -
4
[
=2
= ‘Q_ M T T T T T T T T T T T T =
b Uag. 04 (083), 1938
o rotas vt B
19
|l

X 1042

2.70

i
2.80

2.90

Two Way Time [sec]

Fig. 8 (a) Correlation function of acoustic signal recorded at 3/4 12:17. (b) Correlation
function of acoustic signal recorded at 3/4 20:47.
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Fig. 9 (a)Correlation function calculated from acoustic signals. (b) Two way
times observed by the acoustic ranging system. Horizontal axes are two way time

and vertical axes are recorded time.
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Precise Acoustic Ranging for Seafloor Crustal Deformation Observation
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Synopsis
Most of plate boundaries are located beneath the sea. It is very important to

observe crustal deformation around these area. Now, we are developing a

seafloor crustal deformation observation system which combines the

kinematic positioning by differential GPS and the precise acoustic ranging.

The precise acoustic ranging is very important technique for this system. In

this study, we perform experiments to confirm the precision of acoustic

ranging. According to these results, observation results are affected by

following signal after true direct signal. It is possible to improve this

observation system by removing these affected data.

Keywords: Seafloor Crustal Deformation; Precise Acoustic Ranging; M-sequence



