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Investigation of a new take-over strategy for transponder array

in the GNSS-A seafloor geodetic observation "

Shun-ichi WATANABE*

Abstract
In the routine GNSS-A analysis processed by the Japan Coast Guard, the relative positions of seafloor
transponders (array geometry) are constrained to improve the positioning accuracy. The constrained
array geometry is calculated as the average of each transponder position obtained from each observation,
so it generally stabilizes as data accumulates. However, the transponder members in the array change due
to the replacements after the battery depletion or other factors. In the conventional method, the array
geometry is re-estimated and analyzed recursively every epoch. This increases analysis time as data
accumulates. In this study, we implemented an analysis method that calculates the amount of parallel shift
of the existing transponders’ array and the newly installed transponder positions. This enables us to locate
the new transponder within the existing array with high accuracy, as a “short baseline” analysis of GNSS.
We evaluated the appropriateness of the proposed method and found that it can stably calculate the array

geometry without using the average of all data.
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conventional method

1) single-epoch analysis to obtain each transponder’s position (blue/green circles)

Epoch #01 Epoch #02 Epoch #03 Epoch #04 Epoch #05
Gen. 1 Gen. 1 Gen.1&2 Gen.1&?2 Gen. 2

OO0

2) take averages for transponders’ positions and centroids for all epochs

e O s-——————

XJ(-n) = 61-(n)7j+ 61-(n)c(n) (forj=1..Jandn=1..N)

N
0 =2 ™
n=1

Fixed array geometry

3) re-calculate the position of centroid of all transponders (red crosses) for all epochs

2
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Y ® N
N
’ N
o
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Time series of red crosses’ position - Seafloor displacement

Fig. 1. Flowchart of the seafloor displacement detection using the array geometry determined with the conventional
method.
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proposed method

1) single-epoch analysis to obtain each transponder’s position only for Gen. 1 array (blue circles)

Epoch #01 Epoch #02 Epoch #03 Epoch #04 Epoch #05
Gen. 1 Gen. 1 Gen.1&?2 Gen.1&2 Gen. 2

OO

no need for calculation at this stage

2) take averages for transponders’ positions and centroids only for Gen. 1 array

eeeeee———

X](-") = 8]-(")X_j+ (SJ-(n)c(") (forj=1..Jandn=1..N)
N
0 = Z cm
n=1
Fixed Gen. 1 array geometry

3) Fixed-array anal. for Gen. 1 epochs 4) calculate the position of Gen. 2 transponders
relative to Gen. 1 array

: i Fixed Fixed
to be solved i; to be solved
Fixed-array analysis can be performed at this stage

5) calculate the average positions of Gen. 2 transponders relative to Gen. 1 array

——)

Fixed Gen 2. array geometry
tied to Gen. 1 array centroid

6) calculate the position of Gen. 1 array centroid (blue crosses) for the other epochs

RRCROS

already calculated (no need for re-calc.) once calculated, no need for re-calc.

Time series of blue crosses’ position - Seafloor displacement

Fig. 2. Flowchart of the seafloor displacement detection using the array geometry determined with the proposed
method.
2. WEFHRICLVPESINIT LABIRE VR EMRH O 70 —F v — .
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Table 1. Maximum values of differences of the
estimated displacement between the proposed
and conventional methods.

F 1. RETFLELIERTETH S N2 EMIRERY 0 7%

DI KAA.
site # of generation | ref. epochs | max dE [cm] | max dN [cm] | max dU [cm]
KAMN 3 2013-2014 2.7 1.8 4.6
KAMS 2 | 2014-2016 2.2 1.2 1.4
MYGI 3 | 2013-2014 2.5 4.0 4.0
| MYGW 5 2015-2016 2.4 3.0 3.7
| FUKU 3 | 2013-2014 0.7 11 4.0
CHOS 2 2013-2014 0.6 2.9 2.0
BOSN 2 | 2014-2016 14 0.9 1.7
| saca 2 | 20142016 0.6 0.6 0.9
TOK1 | 4 | 2016-2017 27 1.9 46
TOK2 3 2016-2017 0.9 14 12
KUM1 4 2013-2014 11 2.7 5.8
KUM3 4 2016-2017 2.5 2.7 58
SIOW 4 | 2016-2017 0.7 1.8 13
MRT2 2 2016-2017 14 0.7 15
| TOS1 2 | 20132014 0.9 0.4 11
TOS2 2 2013-2014 1.9 0.8 5.3
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Fig. 3. Displacements of seafloor reference points acquired with the proposed (red crosses) and the conventional
(blue circles) methods. The bottom panels indicate the transponders’ ID (orange diamonds) used for each
epoch.
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