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Abstract: Objectives: In the global navigation satellite system (GNSS) /acoustic positioning system, the
transducer position needs to be obtained by rotating the GNSS (global navigation satellite system) re-
ceiver position through the offset parameter and attitude observation information. The measurement error of
the offset parameter will inevitably affect the position of the transducer and thus the positioning accuracy of
the seafloor control point. If the offset parameter is taken as unknown to be solved together with the sea-
floor control point coordinates without considering the priori information of the offset parameters, the prob-
lem of unreliable results of the observation equation due to the strong correlation between the parameters.
Methods: First, a Bayesian estimation model of GNSS—-A was proposed, the influence of offset parameter
error on positioning results is analyzed. Second, we derive the correlation between the position parameters
and the offset parameters, explain the reasons for the ill-posed observation equation theoretically, and then

a Bayesian estimation model based on prior information of offset parameters is established. Results and
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Conclusions: The result shows that the model can improve the equation’s ill-posed problem caused by the

strong correlation between the parameters, and can effectively improve the accuracy of the three-dimen-

sional coordinates and offset parameters of the seafloor control points.

Key words: global navigation satellite system (GNSS)/acoustic positioning; offset parameters; correla-

tion; prior information; Bayesian estimation
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Tab. 1 Coordinate Solution Results of Each Scheme/m
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Tab. 3 Calculation Results of Offset Parameters/m

% z, T, r,

= 7.392+£0.019  1.4994+0.021 —27.2574+1.293
] 7.392£0.019  1.4984+0.020 —27.4614+0.119

B AE 1% 25 B TR VG 4 ) st Al A 1 58 57 K5 B 32 3]
SR i 22 8, DU JEC 2 ) A A AR 1Y R RS B
22 N R = MRS R AT LR I K WS
BOAE Ry 2R 1 2 5805 ¥ IV 4 T A b — S i R
B R iR 25 A T 58 — 1 B A TR R 25 AT T O
AN IXUE BT B AR B S B AT R AR I A S 8L
WL T BB 4 FR G0 1 25 5 (R AR AR w A3 i R 2
ik 1.293 m, 25 5L B W B R, X UE B i AR
b S BOM R B 2 500 1 15 4 1R AH G, — & R
HAF LI )y BRI A, PR A R R N E
VU 1) i B 25 R T LU M, Y 0 I B8 S B 50 1R
S AR AR w o I R 22 0.119 m, iR B
W 0 4 v, 10 ) W) A RI0RE G e 60 A TR 5] A i A%
SR AT S B0 5 A 5 T T B0 R A ]

S5)MFE2ATLIFE H, M 2 5507 16 O 25 1
B 25 A 23 AR VB K B R S HUE R S8
T VG 92 ) A b — R i B B, R 25 S BT R AIG
JE PR IR] 4) v B 3 B S B0 I T A R G iR
LM T IR = MMk EE LT RA A
b AEFE S B0 A5 18 5 15 X % 22 152 i AN 8 ) 3 .

6) N2 31T LA, B K 5 56 5 B 14 DL i Hip
Al TR YA AT L3kt e e O S S 8000 TR L i
550 VA ) SR T B A3 TR Y A OGS B
L0 7 BN 38 A 1) 0, 38 BE 2 T BE A8 IR B S 8K
F18 figp A R

P S bR G AR R, GNSS K2R v B Bl
o A % 2 B0 e VA Ak 31 75 2 4 B A AE AL 0 |
B S H0A B 19 I 22 23 B 252 ) KT R 9 0L D (B
FR K B2, 2200 i % 2 BO0T 75 40 LI £ 5 0, S 43
5 MRV VS A O RS BE o A K D RS S B S R S
SRS W AR ] AR AR S B — R ORI 25 3 3K
LI 5 P A L Rk T o AR SN B IR R S £
9 7 TH SR T R R 4 R £ 2 B0 5 e A (R
Aub 3SR W ) O TR A5, AT AR SR AR

1) Y 0 B 2 BUAF 7E 1R 25 0], 23 52 W) T VS 42 1l
SR DR BE 1R 25 O VA E O

2) BRI b UE B T 2 (R A e SR I AL S
R 7% 2 50T, AL bR 2 800 1 1 43 1 R A% 2
B0 I T 43 1 6 N R B A A e

3)TEW & Gl 10 e I 5 B T4 T, DL 3
Al P15 RS ACAT LA sE B R D B S 850000 3 1 0 o
59 VS A o A5G IR B 2 R RO OC = 30
ML 7 R 1 AN 3 0] 0, 34 g 5 T3 8 2% I A% =
R M EORE BE o SR, DL R A T ik e 51 A
(AN 38 2 [R) R, O AN B A RICTH Bk R BSOS 78 rh A AE
) 2R g8 iR 25, L AE S bR i i, 5 ZEAR A T
R %) TR EC 48 1) A = 2 AR b 4 KT ORI £
PR AL (A 5T A T2 Ty 1] .

2 % X #

[1] Chen Junyong, Yang Yuanxi, Wang Min, et al. Es-
tablishment of 2000 National Geodetic Control Net-

work of China and It’ s Technological Progress[J].



1472

DR 2 R (R

ISR Y

2023 59 H

[4]

[5]

[6]

[8]

Acta Geodaetica et Cartographica Sinica, 2007, 36
(1): 1-8. (FR1R5, Mot E, £, 4. 2000 H K
IR M 7 1) 0 4 S 0B Y BOR BE AR [T]. 22274
2007, 36(1): 1-8.)

Yang Yuanxi, Xu Tianhe, Xue Shugiang. Prog-
resses and Prospects in Developing Marine Geodetic
Datum and Marine Navigation of China [J]. Acta
Geodaetica et Cartographica Sinica, 2017, 46(1) :
1-8. (BT, BRI, BEA R . 3R T O I
LS TR RO AR R S R [T]. 2
4l 2017, 46(1): 1-8.)

Li Linyang, Li Zhiping, Cui Yang. Summary of the
Research Progress of Seafloor Geodetic Control Net-
work[J]. Bulletin of Surveying and Mapping, 2018
(1): 8-13. (ZAKMH, B, MEH . R &
4 5 BE R 2GR [T]. W22 4R, 2018 (1) -
8-13.)

Liu Jingnan, Chen Guanxu, Zhao Jianhu, et al. De-
velopment and Trends of Marine Space-Time
Frame Network [J].
Science of Wuhan University, 2019, 44(1): 17-37.
(X2, BR i, X pg, 45 . IV I 2 o ) 1Y
RSB R EMFEER =M,
2019, 44(1): 17-37.)

Geomatics and Information

Yang Yuanxi, Liu Yanxiong, Sun Dajun, et al.
Seafloor Geodetic Network Establishment and Key
Technologies [J]. Scientia Sinica (Terrae) , 2020,
50(7): 936-945. (#Iu &, X A&l FhR%E, 45
T JER AR S o 100 S i K HOG B AR [T ). v [ R
HuERBF, 2020, 50(7): 936-945.)

Gao Ruru. Research on Key Techniques of Under-
water Acoustic Positioning Algorithm [D]. Xi’an:
Chang’an University, 2018. (Ejangh . /K T 2E 8
£ ¢ B BR[| BE S (D] T8 % . K% R,
2018.)

Zhao Shuang. Research on Regularization Algo-
Qin-
gdao: China University of Petroleum (Huadong) ,
2018. (BAFE. KT Pt i 1E WAL fig i g5 [D ]
8 PEAMREER), 2018.)

Wang Yi. Research on Algorithms of High-Preci-

rithms for Underwater Fast Positioning [D].

sion Underwater Positioning in Petroleum Explora-

[12]

[13]

tion[[D]. Qingdao: China University of Petroleum
(Huadong) , 2014. (%% . il KT @k
SEMFEM D] & P EAMREER),
2014.)

Sun Wenzhou, Yin Xiaodong, Zeng Anmin, et al.
Calculating the Starting Incidence Angle by Iterative
Method for Positioning Seafloor Control Points[J].
Geomatics and Information Science of Wuhan Uni-
versity, 2020, 45(10) : 1588-1593. (FhICHF, BEHE
2, WREL, RGO U LR I A ST A 3%
A E TR B[ T]. RILKRFEHFm (FE
R , 2020, 45(10) : 1588-1593. )

Zhao Jianhu, Chen Xinhua, Wu Yongting, et al.
Determination of Absolute Coordinate of Underwa-
ter Control Point Taking Waves and Depth’s Con-
straint into Account[J]. Acta Geodaetica et Carto-
graphica Sinica, 2018, 47(3): 413-421. (&,
PRaEAe, SO, A5 IR IR IR 52 o R B 24 SR 1Y
KT R 0 A5 ) A R RS B [T, I 2o,
2018, 47(3): 413-421.)

Tang Qiuhua, Wu Yongting, Ding Jisheng, et al.
Calibration of Ultra-Short Baseline Acoustic Posi-
tioning System [J]. Technical Acoustics, 2006, 25
(4): 281-287. (kAR Roks, T4, % &
RLIE L 75 27 N R G RLE R RS LT]. o4
A, 2006, 25(4): 281-287.)

Yang Daojun, Xu Weijie, Liu Linquan, et al. Error
Analysis of Underwater Benchmark for Precision Po-
sitioning System[J]. Technical Acoustics, 2007, 26
(2):189-192. (BB, VFEA, XA, & . &
P AL bR o BRGEK T ST LR 22 A [T].
ZERAR, 2007, 26(2): 189-192.)

Liu Yanxiong, Peng Lin, Wu Yongting, et al. Cali-
bration of Transducer and Transponder Positions
[J]. Geomatics and Information Science of Wuhan
University, 2006, 31(7): 610-612. (X # It ,
W, Rk, AL OB L2 K 7R E L R GEARLIE T 1
WroE[J]. PR 4R (fF BB 0 L 2006, 31
(7): 610-612.)

Tian Tan. Underwater Positioning and Navigation
Technology [M]. Beijing: National Defense Indus-
try Press, 2007. (HIH . K F &5 F M £ AR
(M. dest: FEB Tl ik, 2007.)



