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coupled Seabed Electric Benchmark System
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Synopsis

Experimental assessments for a pillar-coupled electric benchmark platform at anchor are

reported, which made on a test platform. Development of a geodetic platform at the center

of flooded calderas have been highly demanded to improve the monitoring of the Aira

Caldera. If geodetic observation in the center of the caldera is available, accuracy of the

monitoring can be improved significantly. GNSS on the universal-coupled pillar at anchor

is applied as a fundamental architecture of the platform. The design of the actual platform

includes following four problems to be examined ; 1) year-long stability of Kinematic

method, 2) optimum tilt detection method, 3) velocity responses, and 4) construction of tilt

correction algorithm. Test of these all problems were successful and GNSS antenna array

system is decided to apply the actual platform.
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Fig. 1 A cartoon of the a pillar-coupled seabed electric

benchmark system. Benchmark is right above the
anchor. GNSS antennas are installed at the top of the
universal coupled pillar at anchor. Pillar can move

along current and wind.
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Table 1 Statistics of one-year long analysis

Method Kinematic Static
Latitude (Deg.) 31.614159048 31.614159049
Longitude (Deg) 130.701771133 130.70177134
Altitude (m) 49.13997 49.14003
Latitudal standard deviation (m) 0.0013 0.0015
Longitudal standard deviation (m) 0.0015 0.0016
Vertical standard deviation (m) 0.0051 0.0042
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Fig. 2 Comparison of the result time series from Kinematic method and Static method at the

continuous GNSS stations pair. The left panels triplet a through c is result of Kinematic method,

and the right triplet d through f is that of Static method.
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Fig. 3 Comparison of the result distribution from Kinametic method and Static method at the

continuous GNSS stations pair. The left panels a to c are result of the inematic method, and the

right panels d to f are that of the static method.
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Fig. 4 The uni-axis platform. (a) The platform. (b) Configuration of the platform.
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Table 2 Conditions of the experiments

Fig.

Code Weight ml (kg) [N aturallMaximum|Duration offOverestimation
period (s)  |velocity (m/s) |motion (s) |of'tilt

8W 16 3.5 0.31 120 1.31

10W 20 3.1 0.35 140 1.34

10W+ 31 2.5 0.43 180 1.54

IREREZER

Fig. 7 The platform at work. The platform is on the left. The

current reference station KURB on the right

(a) 8W (16 kg)

02—

|
y =1.0334x+0.0119

GNSS (Glgisplacement (m)
[N}

8 Correlation of displacement measurements with GNSS antenna pair and with the visual analysis. (a) 8W (m

L
Visual displacement (m)

0.2

GNSS (G1) displacement (m)

(b) 10W (20 kg)

0.2 ‘

y =1.0302x + 0.0008

0.2

-0.2
Visual displacement (m)

=16 kg), (b) I0W (m; =20 kg), (c) I0W+ (m; =31 k).

0.2

GNSS(G1) Displacement (m)

(c) 10W+ (31 kg)
0:2 ‘
y = 1.0136x- 0.0005

=02
Visual Displacement (m)

0.2



(a) 8W (16kg)
20
10

-10

Amplitude (deg)
o

-20
0 50 100 150

(b) 20W (20 kg)
20
10

Amplitude (deg)
o

-10
-20
0 50 100 150
(c) 10W+ (31 kg)
20

[y
o

[y
o

Amplitude (deg)
(=}

N
o

0 50 100 150
Lapse time (s)

Rel. 6T (deg) ~ ——Rel. 6p (deg) dip (G1&G2Pair; deg)

Fig. 9 Comparisons of the estimated displacements from the tiltmeter
and from the GNSS antenna pair. RelO is the tiltmeter output and
Relep is the estimation from the antenna pair. (a) 8W, (b) 10W, (c)

10W+.
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Fig. 10 Correlations of the estimated displacements from the tiltmeter and from the GNSS antenna pair. (a)8W,
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Table 3 Estimated antenna velocity

Hs (m) Ts (s) Xdamp (m) [Vmax (m/s)
0.53 2.0 0.016 0.05
1.19 3.0 0.226 0.474
2.11 4.0 0.928 1.458
2.50 4.9 1.650 2.116
2.50 6.0 2.20 2.304
2.50 7.0 2.575 2.311
2.50 8.0 2.925 2.297
2.50 9.0 3.250 2.269
2.50 10.0 3.600 2.262
2.50 12.0 4.300 2.251
2.50 15.0 5.625 2.356
(a) (b)
K

Fig.

1.60m

Concrete base

11 The uni-axis platform II. (a) The platform at work. (b) Configuration of the platform.
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Fig. 27 Distribution of each component (XA, YA, ZA) of the antenna A.

Reference: SNYM.
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BRMOEETHLEEZXOND. 7T A ORNAE
D3R R R AL 0.6 m, FPE 5717 0.3 m OHEIPHNIC
&2 DITx LT, BIRMTIE#Z O F AL (x, y) = (-157015.26,
-28296.69) m & Hly & L C IZIE 0.1 m AN A4 5.
L7zdo THEAMHIET L) X ATHREL Tz Z &2
RS

TR IERTD A 7 > T F O RINLHE B34 % Fig. 27 12
AR L, BURME IE 2 5 L B S 7o NG AR F o0 JFEARAE oD
Y% Fig. 28 {077 Fig 28 iR SN BRAER OB
PNEAER DA HIEN TH 5.

BRCT T T T A A~ D OPNHE R Z VTR
L 72N AL F O JEAEAE &, EEEIIALIC & 2 AL F o
L Z2led 5. 2 2Tl PPK TV A 3EHES & L
T, MB35 2 45 (SNYM; 3.4 km, KURG; 24 m) ®
FRNEUT O TR

BRI — 4 1% GNSS-802 7 > 7 F % F #ili/n & D T
HESIBEHOZ= "= )Ly a A b EORBEIZER
VAT T, 2022/2/1 10:00-10:40 ORI INLTF — & A Bt

L7-. JEWEASIZKURG(T > 7 7 : AX-1202) & SNYM
(7> 75 :AT-502) Wiz, ZhbDTF—X 2% LT
RTKPOST o Static &— K% H\ T %17 7-. Table 4
I KURG % J:¥E & U7- PPK BT 21T - 1=k 2w,

Table 4 |34t & & 7= JIAT R F O PEFE % XF, YF, ZF T
#F LT 5. The reference (L EHZHIN. DFE R A2 F LT
%. Diff XF ~ Diff ZF |37 > T F 7 LA (T K D #e 1 A
EDZNZNINSEHENEMEZ S WA ZR L TN D.
KURG % ¥ 5 & L C Kinematic fi##f 217 » 7= 55 & 1%,
diff XF ~ Diff ZF 7342 C CEBENEM & D72 1 em LI
ThHiHIEERLTND., AN 725 TR 2 & e
HE (1/11 09:00-14:59) 123N T & B 725875 OB R ITER
H BV,

WA PEHE 3.4 km O #5112 & 5 SNYM % JLiE & L C
Kinematic T 247 - 72 fk F12 - C Table 5 127779,

Table 5 Tl & &1F ¥ KURG % HEUEIC L7 fiEdr L v
Diff XF ~ Diff ZF @713 K & W lEZ2 7577, X HIf Tldfk
K 1.6 cm D7, Y A TiE 0.27 cm, Z J51HCliX 2.6 cm @D
ENBHoT. 51T, SNYM HHED XF ~ ZF D HEE b
ROEHEFZET KURG JEHEOZN L0 & 5 ERE W, i
Ye, 0 8 U CTHW A SNYM 1L A5 KURG (2 tE X
TEBREE TOEBERHMNICRENZ L2 EET D &,

Table 4 Estimated location of the benchmark F with the antenna-array (reference: KURG, 24 m apart)

Period XF(m) YF(m) ZF(m) SXF(m) SYF(m) SZF(m) Diff XF (m) Diff YF(m) Diff ZF(m) Note
2022/01/07 1210 -
-157015.2640 -28296.6910 93.4680 0.0084 0.008 0.0144 -0.0087 0.0044 0.0078
1/08 0859
2022/01/08 0900 -
-157015.2650 -28296.6910 93.4680 0.008 0.0077 0.0139 -0.0097 0.0044 0.0078
1/09 0859
2022/01/09 0900 -
-157015.2650 -28296.6910 93.4680 0.0079 0.0078 0.014 -0.0097 0.0044 0.0078
1/10 0859
2022/01/10 0900 -
-157015.2640 -28296.6910 93.4680 0.008 0.0079 0.0144 -0.0087 0.0044 0.0078
1/11 0859
2022/01/11 0900 - X
1/11 1459 -157015.2650 -28296.6910 93.4660 0.0069 0.0089 0.0126 -0.0097 0.0044 0.0058 Windy
2022/2/2 10:08 -
-157015.2553 -28296.6954 93.4602
10:40 Static KURG

Table 5 Estimated location of the benchmark F with the antenna-array (reference: SNYM, 3.4 km apart)

Period XF (m) YF (m) ZF (m)  SXF (m) SYF(m) SZF (m) Dif X (m) DifY (m) Dif Z (m) Note
2022/01/07 1210 -
-157015.2610 -28296.6890 93.4680 0.0111 0.0096 0.0389 -0.0119 0.0037 0.0191
01/08 0859
2022/01/08 0900 -
-157015.2620 -28296.6890 93.4650 0.0083 0.0085 0.0272 -0.0129 0.0037 0.0161
01/09 0859
2022/01/09 0900 -
-157015.2620 -28296.6900 93.4690 0.0118 0.0093 0.0412 -0.0129 0.0027 0.0201
01/10 0859
2022/01/10 0900 -
-157015.2610 -28296.6900 93.4640 0.0101 0.0088 0.0375 -0.0119 0.0027 0.0151
01/11 0859
2022/01/11 0900 - _
-157015.2650 -28296.6910 93.4750 0.0121 0.0138 0.0452 -0.0159 0.0017 0.0261 Windy
01/11 1459
2022/2/110:08-10:40
-157015.2491 -28296.6927 93.4489
Static SNYM
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