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Acoustic phase characteristics and phase centers of the acoustic transducers for seafloor geodetic observation
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Abstract
Institute of Industrial Science, University of Tokyo and Hydrographic and Oceanographic Department, Japan Coast
Guard have been conducting seafloor geodetic observations since 2000. Sufficient observational results to discus
the system and the observational method have been established as we accumulated the experiences of the observa-
tions. Issues and knowledge that we have through the observations should be fed back to the system and further ob-
servation for improvement. One of such issues is one inherent in acoustic transducers for acoustic ranging. Ranging
errors were caused by the operational principles of the transducers and the reference point set on the point at the
top center of the transducers. In order to take measure to this issue, tank tests were conducted to evaluate the rang-
ing characteristic curves of the acoustic transducers. And then the acoustic phase centers of the transducers were
deduced from these curves. The comparison of the acoustic phase centers of two types of the acoustic transducers,
that is, the cylindrical and the spherical curved disk transducers should be needed to retain the continuity of the

long -term seafloor geodetic observation.
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Fig.1 Cylindrical acoustic transducer on the seafloor
mirror transponder.
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Fig.2(a) Acoustic pressure phase of the cylindrical
acoustic transducer versus angle 6. (b) 0 is meas-
ured from the axis of the acoustic transducer.
(c) Schematic images of the oscillation mode of the
cylindrical oscillator.
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Fig. 3 Current acoustic transducer employed on the on-
board unit.
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Fig.4 Same as Fig. 2, but for the spherical curved disk

acoustic transducer.
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Fig. 5 A snapshot from the water tank test.

Fig. 6 Schematic image of the ranging procedure in the
water tank.
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Fig.7 Ranging results of the cylindrical (a) and the
spherical curved disk (b) transducers in the tank
test. Ordinate axis indicates ADC samples. Red
crosses and blue open circles correspond to 1* and
2"measurements, respectively, carried out in two
directions which intersect orthogonally. Lines are
quadratic polynomial functions deduced by the
least square method.
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Fig.8(a) Schematic image of the estimation of the
acoustic phase center. The acoustic phase center is
assumed to be at d cm inside from the top and on
the axis of the acoustic transducer. L and 6’ are cal-
culated as d ranges between 1 and 14 cm at inter-
val of 1 cm. The response curves, which were ob-
tained from the tank test, are redrawed based on
the L and ©’. (b) : Redrawed response curves for
the cylindrical acoustic transducer. (c) : Re-
drawed response curves for the spherical curved
disk acoustic transducer.
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Fig.9 Phase response curves for the cylindrical (a) and
the spherical curved disk (b) acoustic transduc-
ers. Ordinate axis indicates ADC samples per unit
range. Black dots indicate ranging results in the
tank test. Black lines are quadratic polynomial
functions deduced by the least square method.
Color dots and lines correspond to ones with
ranges and angles recalculated based on the as-
sumed phase centers.
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