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Effects of in-situ sound speed profile on the GNSS-A positioning "

Shun-ichi WATANABE*

Abstract
The unmanned GNSS-A observation systems with the small autonomous vehicles are under development
in several groups in the world. In such cases, it is difficult to carry out in-situ measurement for the sound
speed profile because it requires the casts of probes. To evaluate the necessity of in-situ profile
measurement, we investigated those effects on the GNSS-A positioning results. For the actual data
regularly collected by the Japan Coast Guard, there was little difference in the positions in the horizontal
component. Although some degradation in the accuracy of the vertical component was observed, it was
confirmed that this did not have a significant impact as far as the accuracy of the current routine

observations is concerned.
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Fig. 1. Schematic illustration of effect on the positioning caused by the difference in the assumed sound speed
profile. Note that the figure extremely emphasizes the inflection. (a) Acoustic ray paths under a sound speed
profile with vertical variation as an actual sound speed field (red broken lines). Acoustic travel times are
calculated by integrating slowness along the ray path. (b) Synthetic acoustic ray paths (brown broken lines)
and estimated transponder position (brown triangle) under “wrong” assumption of the constant sound speed
for obtained data (a).
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B o7 —% %M L7 (Japan Coast Guard,
2022).
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Fig. 2. Position time series for the in-situ profile solutions (blue circles) and the average profile solutions (orange

circles), aligned to the ITRF2014.
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Fig. 3. Position differences between the average profile solutions and the in-situ profile solutions. Panel on the right-

bottom shows Frequency distributions of the position differences in the eastward, northward, and upward

components.
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Fig. 4. Frequency distributions of the differences from
the linear trend in the upward component for
the in-situ profile solutions (blue) and the
average profile solution (orange).
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