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Inverse method and precision improvement for seafloorpositioning

Tadashi ISHIKAWA and Masayuki FUJITA

Abstract

For the precise GPS/Acoustic seafloor positioning, we are developing an analysis software, which

combines a kinematic GPS result and an observed acoustic travel time to get a precise position of an array of

seafloor stations. We summarize the method of this analysis, especially focusing on estimation of underwater

sound velocity structure. In this analysis, vertical coordinates of seafloor stations and the sound velocity are

not completely independent. Therefore vertical coordinates are greatly influenced by the error of sound

velocity and in consequence their precision is more deteriorated than that of horizontal coordinates. So we

present a new analysis strategy for precision improvement. In this strategy the vertical coordinates are no

longer estimated values, but are fixed at known values. This strategy improves the estimation of sound

velocity. As a result, the precision of estimated coordinates of seafloor stations got improved for the horizontal

components.
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Fig.1: Schematic figure of the observation system.
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Fig.2 : Flow chart of analysis.

gbooepSOnnnooooooobonboon
uboboobooobbooboooooboobooo
udoooooooooobobououogogo
uboboobooobbooboooboboobooo
ubobooobobooboobooooooboo
gbbodgboobbooboobbodgboo
Uboobobobooobobonoea

02000000000
Ooooooooooooooooooooon
Ooooooooooooooooooooon
0oooooooooooooo crbuoon
0o0oooooooooooonono XBTdO O
XCTDOOOOoooooooooooooooo
gooodoooooooooooooooon
gooodooooboooooonoooooon
gooodooooboooooonoooooon
goboodooooboooooonoooooon
U0 00 OO Del Grosso, 19741Wilson, 19621Chen
and Milleo, 197700 0 000000000000
00000000oooooooooooooon
0o0ooooooooooooD emooon
Ooooooooooooooooooooon
0oooooooooooooooooooon
goooooooooooooooooooon
gooooooooooooooooooon
sGOoBSUOOOOODOOoOoOoOoooOooooon
gooodoooooooooooooooon
gooodooooboooooonoooooon
goboodooooboooooonoooooon
Jooddoooooooooooooono GPS
0000000ooooooooooOoooooon
oopooooo
0o0o00oooooooooooooooooon
Ooooooooooooooooooooon
0oooooooooooobooooooon
0oooooooooooooooooooon
oooooooooooooooooooon
gooodoooooooooooooooon
gooodoooooooooooooooon

0280



Inverse method and precision improvement for seatloorpositioning

gboooobooboboooboobbooobooo
oooooooobbooboboboboooo
2004[1]
gbbooobuoobboobuoobboobooo
gbobooobuoobboobuoobboobooo
%DDDDDDDDDDDDD

EtﬂjmmﬂijcEtDmELﬂtDmBDlD

oo 00000 o0vusblD 40000000
googoodg
gbooooooboooboooooooobDo
gbooooboobbooboobobooobooo
gboobooobooboobooboobobooooo
gbooboooboobobooboobbooooo
ood
gogbooobooooboooboooboaoo
gogobbobbouoooobobbouogooaon
gbbodgbooobboobooobobd
gobobobobobobobobobobo
gbobobobobobobobobob
gboboboboob
gboogooboobbooboobbooboo
gbooooboobbooobooobooobo
gbooooboobbooboobobooobooo
gboobooobooboobooboobobooooo
obooboobooboooobob ecrTboXxeTbpdo
O XBTOOODOODO Del Grossod 19740 0 0 O
goboboboooobobooooobobogo
gbooogobogbooboo

uoogooooooooooooooog

gboogooboobbooboobbooboo
gooz2e4000b0booboobboobooo

uboboobooobboobooooboobooo
gboboobooobboobooooobooobooo
uboboobooobboobooooboobooo
uboboobooobbooboooboboobooo
ugbboobooobboobooobobooboo
goodg

giogoooooooooon

OTableld ,00000000000O00O0O 2004
ubo24000000000000000DODO
o000 UoUUUUUFigs
gboboobogbbooboooooboobooo
gooooo
ubobooboogobbooboooboobooobooo
ubboomobooboooboobobooboomo

foTMIYAGI (APR‘& MAY‘2094)
Eastward

0.3
0.2
0.1 oI

ofe ? !
0.1
-0.2
-0.3

——

Difference (m)

ALL 24252620 3 5 6 7

0.3
0.2
0.1
0
-0.1
-0.2
-0.3

Northward

——

blet !

Difference (m)

AL 24252620 3 5 6 7

03 T T
0.2 Upward

0.1
0 °
-0.1
-0.2
-0.3

—e—

Difference (m)
[ ]

: ¢

ALL 24252629 3 5 6 1
Fig.3 : Repeatability of seafloor positioning at Off-
Miyagi reference point at the epoch Apr & May, 2004,

Table 1: Number of data for Off-Miyagi reference point at the epoch Apr & May, 2004.

HA¥ 4/24 4/25 4/26 4/29 5/3 5/5

5/6 5/7

TR 12 7 9
935 1456 1315 1248 1456 936

TF—X2% 1241 693

14 10 12 14 9
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Fig4 . Observation lines and distribution of the
seafloor stations.
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Fig.5 . Difference of positioning result between all day
data and May 7 data.
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Fig.6 : Temporal variation of sound velocity on 7 May,
2004.
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Fig.7 . Repeatability of seafloor positioning at Off-
Miyagi reference point at the epoch Apr & May, 2004
using height constraint.
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Fig.8 : Temporal variation of sound velocity on 7 May,
2004 using height constraint.
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