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Research progress on methods for constructing
underwater sound speed profile

LIU Yuyao, CHEN Wei, CHEN Yu, MENG Zhou"

(College of Meteorology and Oceanography, National University of Defense Technology,Changsha 410073, China)

Abstract As one of the important factors determining the propagation mode of underwater
acoustic signals, the sound speed profile reflects the changes in seawater sound speed from the
sea surface to the seabed. It is crucial for the accurate and real-time construction of underwa-
ter information systems. In the field of underwater acoustic detection, this paper analyzed and
summarized the research progress on methods for constructing underwater sound speed pro-
file. According to the different supporting data sources, mainstream methods can be divided
into direct measurement, statistical-regression reconstruction and acoustic inversion. In
terms of direct measurement methods, this paper introduced the instrument direct measure-
ment method and the parameter measurement calculation method. In terms of statistical-re-
gression reconstruction methods, it summarized the reconstruction framework centered on
empirical orthogonal function regression and the optimization algorithm combined with neural

networks. In terms of acoustic inversion methods, it discussed the performance of matched

¥ 75 B #9:2024-03-30 &6 H #5:2024-08-22
BEESE . &V, E-mail: zhoumeng6806(@163. com



2 (PSP /s AN

2024 4

field processing and deep learning frameworks based on sound field observation data. The tra-

ditional direct measurement method has the highest accuracy, but its cost for large-scale ap-

plication is relatively high; the statistical-regression reconstruction method improves conven-

ience, but it relies on the data quality of the database; although the acoustic inversion method

has strong interpre-tability, it is difficult to apply to areas that sonar systems cannot cover. Fu-

ture construction of underwater sound speed profile should focus on intelligence, refinement, and

real-time capabilities. This can provide results for the construction of information systems in com-

plex marine environments that meet multi-level requirements for sound speed profile construction.
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Fig.1 Typical sound velocity profilers at home and abroad
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Tab.1 The basic characteristics and applicable range of the classical sound speed empirical formula
MR AR ?ﬁfﬁ@lﬁl h B R B [ EJJ?E[? PR iR 2 ——
/C /(%0 /m /(kg/cm®) /(m/s)
1960 Wilson [—4, 30] [0, 37] — [1, 1000] 0.3 SCHR[13]
1969 Leroy [—2, 34] [20, 42] [0, 8 000] — 0.2 CHk[15]
1971 Frye and Pugh [—3, 30] [33.1, 36.6] — [1.033, 984. 3] 0.1 SCHk[16]
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Fig.2 Picture of several commercial CTDs
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Tab.2 Performance comparison of typical commercial CTDs
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Argo real-time ocean observation network
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Fig. 5 Comparison of global SSP reconstruction errors before and after optimization
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Fig. 9 The SSP extension process combined with underwater prior information
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Fig. 10  Vertical SSP extension scheme and sample distribution
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Fig. 11 The average vertical extension error of each target SSP in global sea area before and after optimization
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Fig. 13 The ANN framework for sound speed field inversion
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