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Bias estimation of acoustic transducer position for seafloor geodetic observation

Yoshihiro Matsumoto*"

, Tadashi Ishikawa** and Masayuki Fujita®’

Abstract

Among results of JCG’s intensive observation off Miyagi Prefecture, some epochs gave erroneous solutions pre-

sumably caused by the bias of acoustic transducer position. We tried simultaneous estimation of the bias of acous-

tic transducer installation and positions of the seafloor reference points. As a result, we detected significant biases

dependent upon difference of used devices i.e. acoustic transducers, observation poles, etc. Correction for these bi-

ases gave less scattered time-series of determined positions and reduced residuals of traveltime. This method took

effect to improve the accuracy of position estimation of seafloor reference points.
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Fig.1 Schematic picture of the GPS/Acoustic seafloor
geodetic observation system.
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Fig. 2 Location of the seafloor reference point (open
square) used in this study shown on the topo-
graphic map around northeastern Japan. Also
shown is the Shimosato site (a solid square labeled
as simo) .
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Fig. 3 Time series in the horizontal components ob-
tained at the seafloor reference point MYGI from
eleven campaign observations during the period
from October, 2002 to October, 2005. The top and
bottom panels correspond to the EW and NS com-
ponents, respectively. The position reference is the
Shimosato site, in central Japan. The vertical com-
ponent is constrained to the height at AUG 2005.
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Fig. 4 Typical planned lines and actual tracklines of the
drifting observation.
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Fig.5 Relationship between positional error and distri-
bution of heading of the survey vessel. The time
series in the center is the NS component of the
seafloor reference point MYGI, that is same as
Fig. 3. Four scatter charts represent distribution
of heading angles of the survey vessel in four ob-
servation epochs: each red spot represents the
heading angle at each survey line.
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Fig. 6 (a) Geometrical principle for positioning of a
transponder.
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Fig. 6(b) Influence of the bias of the acoustic trans-
ducer position upon positioning of a transponder
when heading of the survey vessel is well-distrib-

uted.
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Fig.6(c) Same as (b) when heading of the survey ves-
sel is unevenly distributed.
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Fig. 7 Algorithm of parameter estimation applied to get
the seafloor station position using the round-trip
travel time of acoustic waves
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Table 1 List of observed data used for estimation of the bias of acoustic transducer, classified ac-

cording to used survey vessels and acoustic transducers.

. # of
Period | S/V | X-ducer I‘Qb .observauon observed date observed acoustic
Oscillator | site and epoch days .
ranging
MYGI 0307 2003.7.12-17 6 7084
Kaiyo SIOE 0309 2003.3.9-12 4 3104
I not SIOW 0308 2003.8.24-27 4 3797
used MYGI 0305 2003.5.26-6.4 6 6430
Meiyo FUKU 0306 2003.6.7-10 4 4857
TOKW 0208 2002.8.8-11 4 4647
MYGI 0404 2004.4.24-5.7 8 9278
MYKA 0402 2004.2.13-19 4 2959
Kaiyo old SIOE 0409 2004. 9. 20-25 6 7452
SIOW 0406 2004.6.6-9 4 5260
I TOKW 0408 2004. 8. 3-6 4 4869
MYGI 0408 2004.8.19-27 4 4912
SAGA 0401 2004.1.10-15 6 7101
Meiyo SIOE 0407 2004.07.06-12 4 5477
SIOE 0411 2004.11.12-15 4 4698
TOKW 0407 2004.7.1-5 4 5261
MYGI 0504 2005.4.22-5.9 6 7923
used MYGI 0507 2005.7.1-4 4 5321
MYGI 0508 2005.8.9-14 6 7408
MYGI 0509 2005.9.9-18 5 5921
MYGI 0510 2005. 10. 22-30 6 6314
Kaiyo MYGW 0504 2005.4.29-5.3 4 4486
I new MYGW 0506 2005.6.3-7 5 5817
MYGW 0508 2005.7.31-8.5 6 9091
MYGW 0509 2005.8.29-9.2 5 7015
MYGW 0510 2005.10.10-21 6 7011
SAGA 0501 2005.1.30-2.3 4 5224
SAGA 0601 2006.1.10-16 6 6603
. MYGW 0602 2006.2.19-3.5 6 5415
Meiyo
SIOE 0605 2006.5.29-6.3 4 4841
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Table 2 Statistics of estimated biases for each epoch according to used survey vessels and acoustic transducers.

) Rb observation | observed biases (m) mean bx mean by
period | S/V | X-ducer . .
Oscillator | site and epoch days bx by SD bx SD by
MYGI 0307 6 0.0284 0.0694
Kaiyo SIOE 0309 4 -0. 0455 0.0577 -0.0117 0. 0491
I not SIOW 0308 4 -0.0180 0.0201 0.0374 0.0258
used MYGI 0305 6 0.0497 0.0528
Meiyo FUKU 0306 4 -0.0103 0.0091 0.0079 -0.0272
TOKW 0208 4 -0.0158 -0.1435 0.0363 0.1031
MYGI 0404 8 0.0442 0.0358
MYKA 0402 5 0.0414 0.0181
Kaiyo old SIOE 0409 6 0.0087 0.0379
SIOW 0406 4 0. 0040 0.0521 0. 0278 0. 0380
I TOKW 0408 4 0.0408 0.0463 0.0197 0.0129
MYGI 0408 4 -0.0217 -0.0325
SAGA 0401 6 -0.0277 -0.0813
Meiyo SIOE 0407 4 -0. 0265 -0.0526
SIOE 0411 4 -0. 0309 -0.0478 -0.0350 -0.0539
TOKW 0407 4 -0. 0683 -0. 0555 0.0189 0.0177
MYGI 0504 6 -0.0077 0.0983
d MYGI 0507 4 -0.0019 0.1434
ase MYGI 0508 6 0.0022 0.1142
MYGI 0509 5 -0.0329 0.0515
MYGI 0510 6 0.0233 0. 0899
. MYGW 0504 4 0.0137 0.0573
Kaiyo
I new MYGW 0506 5 -0. 0046 0.0577
MYGW 0508 6 0.0276 0.0524
MYGW 0509 5 -0.0192 0.0894
MYGW 0510 6 0.0262 0.1203
SAGA 0501 4 0.0049 0. 0899 0. 0035 0. 0868
SAGA 0601 6 0.0106 0.0771 0.0184 0.0293
Meiyo MYGW 0602 6 -0. 0551 -0. 0470 -0.0562 -0.0419
SIOE 0605 4 -0.0573 -0. 0367 0.0016 0.0073
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Table 3 Values of bias correction adopted to reanalysis.
Corrections for Meiyo in period III are temporary

values.
iod SV bias correction
erio
P bx (m) by (m)
Kaiyo 0.03 0.04
Tand II -
Meiyo -0.04 -0.05
- Kaiyo 0. 00 0.09
Meiyo (-0.06) (-0.04)
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Fig. 8 Same figure as Fig. 3 for the result of reanalysis
corrected with mean bias of acoustic transducer

position.
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Fig.9 Same figure as Fig. 3 for the result of simultane-
ous estimation of station positions and the bias of
acoustic transducer position.
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Bias estimation of acoustic transducer position for seafloor geodetic observation

Table 4
residual RMS (msec)
X Rb shservation Obse- | Ow/o bias |@corrected w/ | ®simultaneous
period | S/V ducer Osci- epoch observed date | rved correction | mean bias estimation

lator days rate of rate of
change change
Kaiyo MYGI 0210 |2002.10.09-10 2 0.0639 0.0694 8.6%0.0631 -1.3%
1 Meiyo no; MYGI 0305 |2003.5.26-6.4 6 0.0940 0.0953 1.4%0.0928 -1.3%
Kaiyo | old e MYGI 0307 |2003.7.12-17 6 0.0766 0.0746 -2.6% | 0.0738 -3.7%
I Kaiyo MYGI 0404 |2004.4.24-5.7 8 0.0639 0.0620 -3.0% | 0.0612 -4.2%
Meiyo MYGI 0408 |2004.8.19-27 4 0.0642 0.0614 -4.4% | 0.0621  -3.3%
MYGI 0504 |2005.4.22-5.9 6 0.0770 0.0686 -10.9% | 0.0717 -6.9%
MYGI 0506 |2005.6.13-15 3 0.0504 0.0479 -5.0% | 0.0474 -6.0%
m Kaiyo | new used MYGI 0507 |2005.7.1-4 4 0.0737 0. 0690 -6.4% | 0.0684 -7.2%
MYGI 0508 |2005.8.9-14 6 0.0476 0.0453 -4.8% | 0.0460 -3.4%
MYGI 0509 |2005.9.9-18 5 0.0747 0.0699 -6.4%0.0733  -1.9%
MYGI 0510 |2005.10.22-30 6 0.0863 0.0835 -3.2% | 0.0839 -2.8%
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