BDURE 4R (15 BB
Geomatics and Information Science of Wuhan University
ISSN 1671-8860,CN 42-1676/TN

LT

(RIUR AR (E BRARR)D) M E RIS

H B 2 56 75 38 455 P 240 R A GINSS-A WL e 5 75 38 51 T

= R4, BEMeR, HIl, KRHEE

DOI: 10.13203/j.whugis20240005

WA 3 2024-06-11

Mgk Hi:  2024-07-15

51 R ARG, BEROR, HYI, RIE. MR ES ML I GNSS-A WLl

BT [I/OL]. BBUK AR (5 B RHERR).
https://doi.org/10.13203/j.whugis20240005

@NKit s

www.cnki.net

PEER: (EgER TR, FtENF B R ER TSR ER. Hoefa. B0 e
B ERERBNACSHE, HIBSRTITF. EmAad AR, HERse e A e i i
TR CRIEM L LI HERUE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
DR T E R 2% R i, SRR — kAT, MBSO SO H & . WU AR AR N 2%,
AL BT R R AT A B S B L

HERBA: 400 g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



2024-07-15 07:37:56
https://link.cnki.net/urlid/42.1676.TN.20240710.2133.001

DOI:10.13203/j.whugis20240005
51 F#R:

R4, BEROR, HIN, S Bnede A A5 20 GNSS-A WL S A s F T [I].0X
PUKZE 2R (15 BARARR),2024,DOI: 10.13203/j.whugis20240005 (LI Baojin, XUE Shugiang,
XIAO Zhen, etal. Inversion of Sound Speed Profile using GNSS-A Observa-tions with Prior Sound
Speed Structure Constraint[J].Geomatics and Information Science of Wuhan University,2024,DOI:
10.13203/j.whugis20240005)

B In SR P S S 1R GNSS-A TRl S 356 75 3 I

ZERa , EERER 12, MY, REEE!
1 R EMEREEE R B, dE5T, 100036
2 HhERME B TR K SR E, BV P52, 710054

THEL: S I o S ) T 0 2 A S 2 8 T Je A R ) O 4D AR 5 2 1) 40 45 2R U Je K
DN 0 P B 5 o R T U S S Y 1 T A S G A e 1 T P R R0e R . A
SR HARATFH GNSS-A MIEHELE, AT T = FA R 2150 75 468 Munk B8 XL
PRSI ] A 28 B0 A R S Y e 1) TR ARG 5 % SIC e ¥ S R ML 8 5 K 8 PRS2 S 45 R 2
TN, EMIGIGRIRE B HAG AT S SRR R, S A S A S T B2 ) RMS {E 10-
1000 m [RIEEZ) 5 m/s, 7€ 1000-1727.80 m IFMEFL) 1 m/s. HFIAIIE 2420 F H IR A2
TR A 7K IR STBORE P FE X SR o E 5 4R BREE 52 A B i S EUL Al T 75 T I S R A S L
I, R THIEE 24 Z0 5R T P R 4R B0 A 7R g v e S ) T LA AR e v R RS B, S B P i
HEN AR E 2R RMS /£ Ev N U 7 A143 7008 2mms 2mm F1 2.2 cm. 25 RKH, ki
P TR T S T S e G N A A R A TR v B R o A s AR R T o SR VA T 2
L) LI FE A 2N B R 2 B0 AT K 5 e Ak 5 10 S 301 G B 37 75 030 T 0 2 P VA G
Kb 5 A

R WRAHIIE; GNSS-A; PR S FEEM

Inversion of Sound Speed Profile using GNSS-A Observa-
tions with Prior Sound Speed Structure Constraint
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Abstract: Objectives: Implementing in-field sound speed profile (SSP) measurement not only in-
creases the cost of seafloor geodetic observation but also constrains the timeliness of various
seafloor geodetic monitoring activities. Inverting SSP based on observational information is an ef-
fective approach to replacing in-field SSP measurement. Methods: Using the publicly available
GNSS-A observation dataset from the Japan Coast Guard, this paper comparatively analyzes the
influence of three different constraint schemes on the accuracy of inverting SSP for the Munk model,
bilinear model, and self-constructed empirical model, as well as their influence on the precision of
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seafloor geodetic positioning. Results: The self-constructed empirical model generally has rela-
tively higher inversion accuracy. The RMS of the difference between the model and in-field
measured SSPs is about 5 m/s in shallow waters from 10 to 1000 meters and about 1 m/s in deep
waters from 1000 to 1727.80 meters. The inversion accuracy in full-depth waters is relatively high-
est when the sea surface is moderately constrained and the seafloor gradient is loosely constrained.
When parameterizing the estimation of sound speed spatial-temporal variation compensation pa-
rameters in the ray tracing positioning model, the inversion SSPs from the self-constructed empirical
model have the highest relative positioning accuracy under conditions of appropriate sea surface
constraints. The RMS of difference between these profiles and the in-field measured SSP position-
ing results are 2 mm, 2 mm, and 2.2 cm in the E, N, and U directions, respectively. Conclusions:
To achieve high-precision positioning of the inverted SSP, it is necessary to consider the spatial-
temporal variation of sound speed in the positioning model. It is recommended to utilize a self-
constructed empirical model with appropriate sea surface constraints and loose seafloor gradient
constraints and a two-level optimization method to achieve seafloor geodetic positioning without
in-field SSP.

Key words: seafloor geodesy; GNSS-A; sound speed profile function; inversion; precise position-
ing
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Fig. 1 Sketch Map of SSP Structure
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Fig. 3 SSP Observed by Argo Near the MYGI Site
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Fig. 6 Absolute Deviation and RMS of SSP Inversion Error from 1000 to 1727.80 m
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