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Measurement of the internal delay time of the seafloor transponders deployed in Japan Coast

Guard’s seafloor geodetic observation

Yuto NAKAMURA *', Tadashi ISHIKAWA **, Yuhei AKIYAMA *?, Shun-ichi WATANABE**,
Taisei KURODA ™!, Masashi MOCHIZUKI**, and Yusuke YOKOTA **

Abstract
Seafloor geodetic observation using the GNSS-Acoustic ranging combination technique (GNSS-A) is
conducted by performing acoustic ranging between the onboard transducer on a sea surface platform
(e.g., survey vessel) and the mirror transponders installed on the seafloor. During the GNSS-A
observation, a mirror transponder receives the signal transmitted from the transducer and returns the
recorded signal back to the transducer after a fixed interval, which we call the internal delay time of the
transponders. In our GNSS-A observation, the round-trip travel time between the transducer and the
transponder is calculated by subtracting the internal delay time from the raw data. Thus, the accuracy of
the internal delay time directly affects the positioning accuracy of the transponders. Therefore, a water
tank experiment to precisely measure the internal delay time of our seafloor transponders was conducted
in a test tank at the University of Tokyo. The mean value of the measured delay time was found to be
approximately 0.18 ms longer than the existing value, corresponding to a ranging error of approximately
27 cm when assuming an underwater sound velocity of 1500 m/s. Reanalysis of the GNSS-A data with the
averaged delay time showed that the unnatural uplift trend and step-like variations in the time-series of

some seafloor reference points have improved.
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Fig.1. Schematic diagram of the GNSS-Acoustic

ranging combination technique.
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Photo 1. Seafloor transponder deployed at the SGO-A
sites.
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Fig. 2. Acoustic ranging between the onboard
transducer and the seafloor transponder.
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Fig. 3. Schematic diagram of the internal delay time of
the seafloor transponder.
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Fig. 4. Examples of GNSS-A time series at sites along
the Nankai Trough with unnatural vertical
displacements. (a) Time series of TOS1 and (b)
KUMLI. The time series after the installation of
new seafloor transponders is surrounded by the
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M4 ANEKRZ ETEPRS NN 7 7ol

W oRRFI OB, (a) [T 1] B E ok
K50, (b) [HE¥FHE 1) BUN S ORERY]. RHT
PHENZFEANE, L WwipEEERZRA LK
BRORRINTH 5.

MR DOMNEI B cm LI b2 kiidh b
A, Fig. 4 O — A D X 5 I\THBIEICIE Y KERHIIC
WETHIEREZICLW. LTINS
RANER T EVEMIE, MW KB - A
BICHERT20TIE R L, BHEGEOM S0
WA T ALK EEZ T TWEI L ERIET
5.

F AR HEE o R T RSRENCESGE M L2 R
REAEDVBIN D R OB SR OB B Z R~z &
Ch, EOBIMED L BICRRE L 72 d Wil
ESLHE SR 2 WH T A 72002, B LwilEisEER %
B LTz, SBIHIETIS B A8 L ik
RaEHA LRI, wiholifikd BT
WCAHRBREMNSHN LRI THo72. Tk
M5, FIHOUWEIEER M S 2 OEHEND D,
E DAY 33 SIS IS JNViNT 3 SU Y =R oL [ VAN ]
SHPDOEEEE RITL TV LI REEIRE SN
7=.

Z 2 CARIZETIE, HIHOWEXERFDOTF 1 L
A5 A DCEREDAEAET B W REVE IS DWW OIS L

7. WO EBY, bTFUAT 2 —H—~iEKIE
e 5y [ O B O R % 3R D 5 72 D 1L fFHT T
LN EEERNPOT A LA YA 222 L5 &
WD, WELERFOTFT 14 LA &4 23R
MBRFESTVED, RIZTFT 4 LA ¥ A4 LHHEED
i B 2 G A EERPEMEA ST TLE
9 728, WEAHER DWW FRAED A U S ERH &
%%, TDID, WERRFAFESAHETEHT O 7]
Db E, BTOMEEERGOEELT 1 LA 54
2 % GRS % 720 O KA ABR & FEh L 7.

2 KiERER

IR O E LT A LA ¥4 2 z5HlT 5
728, HURF A EBAR I 72 T il B 92 %6 T
et v & —ORBIKFETT 4 LA ¥ 4 25HIE
BiAa 2021 4 11 H 12 H~ 16 H T2\ T L
7z, KAEIZAKP TR Y S OWIE - RO DIH
HRFEYF v YN ZANTEITONTBY, ik
7m (L) X7m (W) x9m (H Th5 (fi
e 2001). KA ORI M OB TN 1% OIS Dk &
WIEL720D TIPTS5 TS,

T4 LA F A 2EHIEEB OB X % Fig. 5 1R
§. Photo 2 @ X 9 1RSI HE | O IRB) - % HLD
TSR BOREr — Ol LIS Fa
74 WA, WEEER 2 AKEOKETT
L7z, RS — TV LIRE) FRMEA 1 cm FEO
BRI 2 728, A TH 2 cm FEEE O FHIER
PHEMEICEENLZ L ICHETLLEND 5.
Fig. 5 1R T EH) ICHEBHDO I Y A F 2 —%—
AR R TR SR THEE, BEEY
I LMEZ AT o 72, KIS IZHU) A 72
2MDNAL Fa 75 Vi, PFUARATFT =Y =N
LRELEEES L, WREERPSHREIN
BLBREHOEEETZIEFT 5.

NA Fa 7% »ix7 v 7 (Teledyne Reson
VP2000 Voltage Preamplifier EC6081 mk2) #% 4
L7212 2200DF v ¥ A VI AT % 530l S & TYL
FH o+ uxa—7 (RIGOL DS1104) (26
LCTwb (Fig.6). S/NIoOUHED/zDH/NA N1
74 YD AIIIE 1 kHz—25 kHz D78~ K78 A

_22_



Measurement of the internal delay time of the seafloor transponders deployed in Japan Coast

Guard's seafloor geodetic observation

A xa=F

L]

SR

b SVAT a—H—

kSRR E

Fig.5. Schematic diagram of the internal delay time
measurement experiment.
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Fig. 7. GNSS-A time series at (a) TOSI and (b) KUMI, before (blue) and after (red) the correction of the delay
time. Epochs after 2021 marked with squares are measured by the survey vessel Meiyo and tringles by Kaiyo.
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Measurement of the internal delay time of the seafloor transponders deployed in Japan Coast

Guard's seafloor geodetic observation
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