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ABSTRACT: In 2008, the Japan Meteorological Agency (JMA) began operating the Tonankai OBS. In this

system, the gimbal mechanism helps keep the seismograph level, but the OBS cannot be installed correctly in

the true bearing direction. The installation azimuth of the horizontal components of the Tonankai OBS was

measured using only a Remotely Operated Vehicle (ROV). In this study, we estimate the installation azimuth

of the Tonankai OBS from particle motion of air-gun signals recorded during the seismic survey period along

survey lines KR11-09 and KR12-12. We apply a band-pass filter of 5-20 Hz to the waveforms, calculating

the particle motion’s direction of arrival using principal component analysis. The arrival direction results are

statistically chosen automatically based on three requirements: the seismic wave signal-to-noise (S/N) ratio,

the first principal component’s contribution ratio, and the distance from shot point to station. The estimated

difference from the ROV measurement is about 50 degrees at Tonankai 4, while it is less than about a dozen

degrees at others. Rectifying the installation direction enables us to argue the correct polarities of incoming

seismic waves.
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Fig. 1 Distribution of the OBS and seismic survey
lines (KR11-09 and KR12-12). White inverted
triangles indicate the location of the Tonankai
OBS, and gray triangles depict DONET
(JAMSTEC). The dashed black line indicates the
Nankai trough axis.
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2 Waveform (velocity) examples observed at TT1OBS during a survey of KI04 (KR11-09): (top)

waveform examples, (middle) observed record section, and (bottom) bathymetry data. A reduction velocity
of 6 km/s is used for the vertical component travel time (left) and 1.5 km/s for the radial component (right).
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Fig. 3 Three-component waveforms observed with the TT1OBS velocity seismograph from the shot indicated
by the star in Fig. 2 as well as the particle motion for the range indicated by the dotted lines. A band-pass

filter of 5-20 Hz is applied to the waveforms.
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Fig. 4 Fourier spectra with the TT1OBS velocity
seismograph from the shot indicated by the star in
Fig. 2. The black and gray lines indicate the
spectra of the horizontal and vertical components,
respectively. The unhatched area indicates the
frequency band used for this analysis.
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Fig. 5 Installation azimuth estimated from each particle motion at TT1OBS. (a) Correlation diagram of S/N
ratio and azimuth difference, which is the deviation between the installation azimuth estimated from each
particle motion and that measured by ROV. In this paper, the azimuth difference is given as (direction
measured by ROV) — (direction estimated from particle motion). (b) Correlation diagram of contribution
ratio and azimuth difference. (c) Correlation diagram of S/N ratio and contribution ratio. (d) Correlation
diagram of contribution ratio and epicentral distance. Black symbols indicate good quality data chosen
statistically.
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Fig. 6 Histograms of the azimuth difference between

the installation azimuth measured by ROV and that
estimated in this study. Upper and lower panels
indicate the analyses of acceleration seismographs

and velocity seismographs, respectively.

Table 1

Installation azimuth of the Tonankai

Table 2

Azimuth difference (deg)

Azimuth difference (deg)

Installation azimuth of DONET estimated

from the particle motion of air-gun signals and
comparison with the results of Nakano et al.

(2012). Angles are clockwise from the North.

OBS

estimated from the particle motion of air-gun signals.
“AVERAGE X” indicates the average of installation
azimuths estimated from acceleration seismographs

and velocity seismographs. Angles are clockwise

from the North.

Station Sensor X (deg) S.D. N AVERAGE ROV _X
X (deg) (deg)

TT10BS acc. 54 4 5233 54 40
vel. 54 3 5052

TT20BS acc. 87 4 7067 36 9%
vel. 86 3 6979

TT30BS acc. 83 6 4540 34 9%
vel. 84 4 5087

TT40BS acc. 356 4 8009 356 50
vel. 356 4 8175

TT50BS acc. 33 5 4162 3 50
vel. 32 5 4386

Nakano et al.,2012

Station X (deg) X (deg) diff.
KMAO01 132 129 3
KMAO02 160 157 3
KMAO03 318 316 2
KMA04 312 310 2
KMBO05 244 245 -1
KMBO06 204 202 2
KMBO07 156 155 1
KMBO08 165 164 1
KMC09 243 245 -2
KMC10 122 123 -1
KMCl11 12 9 3
KMC12 278 282 -4
KMD13 155 154 1
KMD14 352 354 2
KMDI15 352 357 -5
KMD16 211 210 1
KME17 293 291 2
KME18 291 292 -1
KME19 116 116 0
KME20 214 214 0

and that of KMEI8

* The installation azimuth of KMDI1S5 is estimated only
from velocity seismograph,

is

estimated only from acceleration seismograph.
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measurement by ROV and by particle motion (top),
and map distribution of residuals of azimuth
differences from the average (bottom) at TT1OBS
and KMAO3. Black symbols of top figures and
drawing data of bottom figures indicate good
quality data chosen statistically. Red inverted
triangles on the map indicate the station’s position.
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Fig. 8 The velocity waveform at TTSOBS (inverted
triangle) for the Mj 5.2 event in August 12, 2011
(star symbol). The solid and dashed lines indicate
the arrival time of P and PS converted waves,
respectively.
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Fig. 9 Example of application of the Principal Component Analysis (PCA) method used in EEW. (Left) The
acceleration waveform at TTSOBS for the same event in Fig. 8. (Center) The displacement waveform
calculated from the acceleration waveform. A band-pass filter was applied in the range of 1-2 Hz. (Right)
The particle motion of displacement waveform for 1.1 seconds after the arrival time of the P wave. The blue
open arrow indicates the PCA method results, while the gray arrow indicates real back azimuth.
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Fig. 10 Comparison of azimuth differences between the measurement by ROV and by particle motion at

KMAO3. (a) Principal Component Analysis (PCA) results. (b) Regression Analysis (RA) results chosen
from formulas (1) and (3). (¢) RA of formula (1) results. (d) RA of formula (3) results. Black symbols

indicate good quality data chosen statistically.
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