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Installation of seafloor geodetic observation system on the S/V Heiyo "

Shigeru YOSHIDA ™, Shun-ichi WATANABE®, Tomohisa HASHIMOTO®, and Yuto NAKAMURA*

Abstract
The Hydrographic and Oceanographic Department, Japan Coast Guard (JHOD) installed an acoustic
transducer on the bottoms of the S/V Meiyo (550 tons) in March 2008, the S/V Takuyo (2,400 tons) in
February 2010, the S/V Kaiyo (550 tons) in March 2012, and the S/V Shoyo (3,000 tons) in November
2012 and started sailing GNSS-Acoustic (GNSS-A) observations. The JHOD also installed a seafloor
geodetic observation system on the New S/V Heiyo (4,000 tons) in January 2020 for more efficient and
precise seafloor positioning. In this report, we discuss the outline of the seafloor crustal movement
observation system installed in the S/V Heiyo, the position measurement method and the measurement

results of the GNSS antenna and the transducer, and the results of the test observation.
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EINTWREZHAEL 2SS A, HIHIE  Watanabe et al., 2014 ; Yokota et al., 2016).
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Fig. 1. Schematic picture of GNSS-acoustic seafloor
geodetic observation.
B4 1. GNSS—EE RS &
OB,

U & % Jip I Hh i 42 Bl 8

Fig. 2. Survey lines for GNSS-acoustic seafloor

geodetic observation.
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Wedr (Photo 2), Hr e ) RTS I MVAE) 51 2
i (Photo 3) MU~ v F > 77 »7 (Photo 4),
~ A M52 GNSS 7~ 7 (Photo 5), #Biill=
RIS O K% % (Photo 6 /£ 1) 2 U¥ GNSS %

Table 1. Specifications of the equipment for the GNSS-
Acoustic observation installed on the S/V

Heiyo.
F 1 [PEE] (CRE U 7 i ot 22 B 1 B 25 O BL
.
e RO
I EEHAIER
GNSST »TF septentrio PolaNt-x MF
GNSSE{E septentrio PolaRx5
FIENEEE septentrio
il tHER
FlHEE #EFET KD-MAC10-2
EEE EFET KD-MALL0-2
HEHEE EFET KD-ITS200-1
RERAEE Keysight Tecnologies DSOX4024A
BIEEE BUFFALO BS-GS2008P
HABENETLEEEE EFERITERT PSN-3k VA
SEEEEEE 7+ 4.0 BU1SOR
BREEENEE
BREEEAEEE Seabird SBE-19plusV2
AR ENIEERIER
AEEIEEBIEE iXBlue HYDRINS
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EEHR - vvF 7Ty 7 |EEFET TRBS812-15
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GNSS7TF s
(Control and recording device)
GNSSZ{E#8
( GNSS Receiver )

Photo 1. Locations of installed equipment for the

GNSS-Acoustic observation on the S/V Heiyo.
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.

Photo 2. Verification of acoustic transducer mounted on

the hull of the S/V Heiyo.
HE 2. [P RIS IE S 722 W ds O B 1EHE
.

Photo 3. Dynamic motion sensor “HYDRINS” (the
innermost one).
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Photo 4. Matching amplifier.
BEA [P hREDFBICHE LYy T V7T
7.

Photo 5. GNSS antenna installed on the mast of the S/
V Heiyo.
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). %k, REEEF, 1HOXZEY -7 v A
B OWMEAE 7 2 ERTHEIRT 5~ VTl
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Photo 6. Control and recording devices for the seafloor geodetic observation system installed in the laboratory of S/
V Heiyo. (Left upper) Each device of the control unit. (Left lower) GNSS receiver. (Right) PCs on the

control desk.
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Fig. 3. Locations of survey points for the relative
positioning.
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fif L7z F i d GNSS 7 ¥ 7 F DI ETH 5.
FR.34, FR.38, FR62, FR66 i, BIi&E4T - 72~
VT E— ARG OWERIR EKET 572003k
WP T, [P ARMICRE S SHo
WETlE, EMPTEBEOEX =M 2 MOMEH
SEIK b 7N — 2 OFPCEAL I A & FEEfE %
Blo o> T AHFEIITED, 509, N-1, N-2,
N-3, N-4, N-5, S.1, FR.34, FR.38, FR.62,
FR.66, GNSS.1, GNSS.2 @ #ll & % 92 Jti L 7z
(Photo 7).

WEE - WA P—FVATF—Y a3y (Zay
MY Y7 VEM3DR2) & W7z 5096 A 5
N4, N5 F TORMBEAEIZAKERS (V7 R
SDL30) % v 7- i RMER I X 0 FHEL 7.
WAIZIER 2 M oFE4 B9 L7z, WEI>WT
2ty MEBL, TOVHMEERHLE. A%
FHIEL, BERBEDSE W20 FER L 2o 72 K
e LA & AR A T L, 3 MK o R
BHPHICNT > TWDL I E 2R L. b=
VT —a R L7265 - A X 50
Beok#Ex g L7201 S1 &, FR34, FR3S,
FR.62, FR.66, GNSS.1, GNSS2 ® 2# TH 5.
MHEIEINAZRIESTEL, BAEINSEZHSEL
7-.

S.1 25 TD O B8R & H L il &

Photo 7. Survey for relative positioning of the GNSS

antenna to the acoustic transducer using a
total station.
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55 i TH] D AR AV T D 0

BT,

L, ANTIZGNSS1H» 57 v 7 FDES%5[L
L TRD, mHEWIZLE L TD & O°ANT O
0 — 71 v ENU BEARICHER L 72L& 2 ko 7z, 4
O T, WERZ B O FECRHliT 5 72
BHIZ, WEFIZ GNSS 7 ¥ 7 F 2 B X TF—
g7,

B, SHOWETFRIIMEROFLEE TR L -
TWAIZLIZEESRW. ZhEITi], 7T
HEARAF v ZICABR LRI, <A MIRRES
NGNSS T ¥ 5+ & Ky 7 ICikiE L
o 1T GNSS ll # % 47V A&l i 0 AL E & P d
72, M T, MRKORBEZH OO HERET O
Ko 7 KRN ZHEL, COMOES ZllE
L7z, 20, WMREBIIKEZHRCZZFy 7128w
T, RZPEERETOWRE Py 7ol e
O THEZITH) & T, GNSS 7 v 7+ & 5%
NI VAT a—HLoOMEMBREZRD. &E
12, ARG L CTB W MR a2 o
7= &E T, KR OAE % MAREHIE IS
B O LT HEN L 72 EESR TOME RD Tz
(NI - A, 2009 ; JCHE - fi1, 20125 #kili - i,
2013 5 kil - A, 2014).

4 GNSS 7 > FF—ZilZEBOMABEEAIFER
P - WA - AKREHIEORSE, KOZhEITIC
B L7za— 4 )V ENU RS (V-5 £ R D
Il %) @1l %, Table 2, Table 3, Table 4 }z ¥
Table 5 IZZNZFIRT. S.1IdEZWEHLET
»LHTDHETFTOUMTHY, WMRAEMEL7-EE
WET1.682m DHEENH 572D T, TD DFS
B Cofizmzzbne L. ANTR7 v 7
B ROMBETHLDT, SEMEL:T T
FTH M GNSS.1 DA s, 7 ¥ 57 F DIEA0.073
m Z#E L CHEM L. GNSS1 X7 ¥ 7 F e
by 23 7 —2EEERN. oW & FRRZH
MLz 2 M oEN SRR E I T —
EOMEEGIWTHEB L.

ek, AME A R L7 =S Lo
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Table 2. Angle survey results by total station.
2. FP—F VAT — 3 VI X DA

) AFEE) | BLAEEE | 2EEE
£ #i - 5097 - 5096 21.45426147 201.4542615
£ 5097 - 5096 - N-1 143.5969444 165.0512059 92.91055556
£ 5096 - N-1 - N-2 273.4177778| 258.4689837| 91.75972222
2 N-1 - N-2 - N-3 55.72444444 134.1934281 90.28277778]
Z N-2 - N-3 - N4 143.5877778 97.78120591 92.7675
£ N-2 N-3 N-5 293.2597222 247.4531504 90.75833333]
Z N-3 - N-4 - 81 321.5827778 239.3639837 97.04388889
Z N-3 - N-5 - FR34 28.00777778| 95.46092814] 88.47583333
Z N-3 - N-5 - FR38 29.71694444] 97.1700948 89.27583333
Z N-3 - N-5 - FRB2 4559388889 113.0470392 88.30916667|
Z N-3 - N-5 - FR66 4961083333 117.0639837 87.68277778]
Z N-3 - N-B - GNSS.1 57.18194444 124.6350948 59.15972222
£ N-3 - N-B - GNSS.2 30.93861111 98.39176147 77.45138889
Table 3. Distance survey results by total station.
_ -3 ~ - N SHI B 2k
#3 F—F VAT — 3 I X B E
FTES PERE(n) [ kTEEEE - m)|kFEETE - m
5096 - N-1 49215 49.152 49.155
N-1 - N-2 86.301 86.26 86.265
N-2 - N-3 31.197 31.197 31.199
N-3 - N-4 23.624 23.596 23.597
N-3 - N-5 100.71 100.701 100.707|
N-4 - s.1 95.646 94.924 94.93
N-5 - FR.34 43131 43.116 43.119
N-5 - FR.38 40.854 40.851 40.854
N-5 - FR.62 28.445 28.433 28.435
N-5 - FR.66 26.703 26.681 26.683
N-5 - GNSS.1 40.908 35.124 35.126
N-5 - GNSS.2 48.456 47.298 47.301
Table 4. Leveling results.
N vHE SHI B. 41
F 4. EHKHER RS
E FEEM) | AFEREE m)|kEEE(FE - m)
5096 - N-4 -1.771 49.152 49.155
5096 - N-5 -1.965 86.26 86.265

Table 5. Calculated positions of survey points (w.r.t.

BY, FyrEEroMEoBIcRs 2 E%kL
S1 HASHEE. R F— A5 TOEETY
MDAV o 72 F FHENTELOT, WEEEIR
)T -7 (Photo 8).

RIS 2 M TdH S, FR34, FR3S,
FR.62, FR.66, GNSS.I, GNSS.2, TD %, ANT
RJFT & L7 FEEEICIE L (Table 6), AJRERFICH
# L 72 HYDRINS @9 2 F5 [ 0 5HAIF394# (Table
7) &S, BonKME DML, ANT % i
&L Chlfiz &8 2% Z & T, HYDRINS ® 3 —iiio

Photo 8. Survey of the height of the acoustic
transducer from the bottom of the dock.
BHES8 Ky 7K DEZHIEOE S OFHI.

Table 6. Coordinates with ANT as origin.
6. ANT % Jini L L7z HERE.

BlaE | X(N-m) | YEE-m) | HU-m) E=
zone I ) . S.1 -7.010 -5.809 -33.366
5. Hish =KW mofE (MRHEHE). D -7.010 -5.809| -31.738 |HI2S.1+1.628m
e XN YE ™ U = FR.34 -15.860 -14.022 -20.759

5007 -228741.379 | -115135.627 FR.38 -14.865 -11.634 -20.771

5096 “228614.243 | ~115085.664 4.808 FR.62 _8.837 2736 _20.819

N-1 ~228566.752 | ~115098.344

N-2 -228549.508 | -115013.820 FR.66 -7.824 5.140 -20.827

N-3 -228527.760 | -115036.189 GMNSS.1 0.000 0.000 0.073

N-4 -228524.565 | -115059.569 3.037 |5096% 5 M EEKE ANT 0.000 0.000 0.000 |[HIZGNSS.1-0.073m

N-5 -228489.145 | -114943.179 2.843 [50067 & DEEAE

s.1 -228476.191 | -114977.889 -8.212 GNSS.2 -13.061 -17.894 -11.032

D) “228476.191 | -114977.889 6584 |TDIAS1SDE E. H#S.1+1.628m

FR.34 “228485.041 | -114986.102 4.395

FR.38 -228484.046 | -114983.714 4.383 Table 7. Observed values of heading, rolling and

FR.62 -228478.013 | -114969.344 4335 o1 . .

FR.66 “228477.005 | -114966.940 4.327 pitching by HYDRINS while surveying.

GNSS.1 | -228469.181 | -114972.080 %5207 [T 5+ by 7EE 7 7. WEEOEIZENZEE O EHIE.

ANT -228469.181 | -114972.080 25.154 [HZGNSS.1-0.073m

GNSSs.2 -228482.242 | -114989.974 14.122 ,\7—_"_,1. e jj"(ﬁjtﬁm ’E’E,‘ﬁ Iz ﬁl’:ﬂ U 1”4+ - E) 246.301
O—{+hoEf g ths - E) 0.350
By F(+EoMmEasEd s - E) 0.370
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0000 » GAEENSS 10073
00 o

® TS 1+1629

Fig. 4. Rotation of the coordinates of survey points on the vessel from the local ENU coordinates to the motion

sensor’s coordinates.

X 4. HMRZ I OEEEED T — 77 )V ENU JFEEER A S B 5T 2518 o AR R~ o [l iz,

JERH I E ENICERT 20—Vl - ¥y Fili%
Hede b L 72 =R EAR I AR 28 L 72 (Fig.
4). HYDRINS i, 2019 48 H 1 H 06 I 15 4
07 ¥~ 08 K¢ 26 43 29 # (UTC) o[, k%
1T 7.

MR AR 22 AT 5 R T HYDRINS % &)
385 L, 0N THYDRINS ® © 7 — w8
WAL, MEML25%e T35, LaL, By
JIWARLZZRECTEIRIEL 22D, T
7§, HYDRINS D IEH O Y £ A& TEIR %2 %
AL 15578k, 2o F  REEHE D I290 ET 5
L 72fLiE T 15 73k, [ U< 180 FE3° & L 724
BETI5 03852 L THEb 2T 72, &%
BICIEBOMETHES SR (I—VFRASY —
M. BEHOT—=2 06 XX, NT4 TN
001, u—J)v -y Fi2000ETHY, 2T
EALZR SN o7z, T2 RS OLHEBLL
B O BEHEAR 20X, NT 4 ¥ 7 HY0.00048 FE,
O—)L -y FIiZ0ETH-7.

ZO#R, ANT Z 5l & L 72 TD O i i,
MERTMEZ X WEHET T R), G
mMzY (AA» 75 2), ETFhER%ZZ (F
HMBs7IRA) &Lz & X=+7932m, Y=
—-3888m, Z=+31813m &K b, FIHEHEIL
33017m TH o7z, ZOMOYPHOFEFIZON

Table 8. The coordinates of each survey point based on
the three axes of HYDRINS.
8. BYIEEHIEEE O 3 il & JEHE (T L 72 4500 i oD JHEAEE.

A= X(fEEA + - B) | Y(EEA+ - BE) Z(FA+ - E)
S.1 7.922 -3.878 33.441
D 7.932 -3.888 31.813
FR.34 19.080 -8.759 20.936
FR.38 16.493 -8.808 20.931
FR.62 0.910 -9.060 20.880
FR.66 -1.696 -9.103 20.871
GNSS.1 0.000 0.000 -0.073
ANT 0.000 0.000 0.000
GNSS.2 21.563 -4.699 11.199

ANT—TD®# 28 33.017 m

Tlx, Table 8 IZ/RT.

5 GNSS BIEDAEETHAIRER O

ANT O 245 F % GNSS il & & LR $ 5 720
IZ, GNSS 7 v 7% 8 H1H 0200 % 00
~ 07 BE 59 4359 & (UTC) o [ # i) & ¢ 7-.
GNSS ] & @ f# #7112 1& Trimble Business Center
(LLF TBC) & v 7z, AT ICIE6; 0 a7 ke
H, TB (E-&H8 595 £ 940079), Jbjui 1
(BT-HHe 535 1 021060), dbJui 2 (FE7-2kiE
M 0 021061) @ GPS Ao Ao 2 Jik 30 #
T— &M, ~AMIREELZZGNSST » 7
FEELETOT 7 FIk L TPCV #iiE % #
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Fig. 5. GNSS analysis with TBC software.
5. TBC IZ X % GNSS #l= T,

ML, ffs C AT 247> 72 (Fig. 5).

BRI, FEEE A E L T B s e A
Dfii & GNSS = 1Rf o 4 W] P L o il D 7% % 4 <
720, ELHEEBEIREL WL LI - A F
v 7 IER KX &7, 9, BTEMESICE
CFAF Iy ZHIEE LS ¢, WA A E
W& L 7= 8L O B 128 o e fniE (4] 6
HE) % JEHEIZ GNSS 7~ 7 F (ANT) o4 i
BEA P cHIL, 9 LTRDAE E 582
SICHEEEANOM DX I - ¥4 F 3 v 7 #iE
%952 LT, ANTORCHEELRDZ. 29
FTHIETI=FNVAT— 3 2L 5%
B TRD B 720l S X AL L
TR R IR 2011) % JTIC L 7z R A A
MWEIME NS (Fig. 6). £ETIEHE OISR
2011 oAz iEE, E PR Web %4 h o [k
FERERES — ] B STw2lHbK
R 2011 Ofiz, €I - ¥4 F 3 v ZMiIEE ANT
DEEZEHNT AL ELR Y F A Pk
OV 2 00 B 0D 72 o | T2 7 S 10 T £ PR~
DEHIZOWTIE, [[ U < E 1 #b B HP @
[SemiDynaEXE] [V # 4 F&EFHE] RO [FHE
B HEREANORE] 2H L. 29 LTRDS
N7-AL1& % Table 9 12/ 7.

BAIZOWT. X, Y FORAIRAED - 0.0094
m, HHMIZOWTIE-0012m&, £553 1
cm FREDOMHIZHW T 5 72, 4o GNSS il TR
D7z ANT OfTE X, FHilZe b oL Lok
WS, b—=F VAT — T g YETH o 72l E K

Jil ]l

oCEMELRNE TS 9 LTS,
AERERITANDR R 20110 BIEG|C
BT,

HoA—ah SR/ LSO
B w)EHTEL. [SMIOEEEES

.

>

7= 5 MO ER T,
5300 L CETISE e SRIEL.
S BEEERAT,

S ARE NS4 5h 5% & 0 Masde i Cae)
EHTL. RIS SEEE (B
BEHE2011 FERTE,

HELHIREHP L
Fig. 6. Procedure of semi-dynamic correction (available
at https://www.gsi.go.jp/sokuchikijun/
semidyna05.html).
6. ¥ - ¥ A F Iy 7HIEDOIEETFIA (E LA
& Web site & © : https://www.gsi.go.jp/
sokuchikijun/semidyna05.html).

Table 9. ANT position and residuals obtained by GNSS
observation.
7 9. GNSS Bl Tk 517z ANT Of7iE & 5.

S & NBSANTOEE(ER AR (T - A R2011) 0E)
Bl BE ZE ERESm)| Esm)
ANT 33 56" 02".83346 |130° 55" 22".96983 57.6899 25.166

EHEEn B SANTOEZE(IF0E)

bl %(N - m) Y(E - m) H(U - m)
ANT -278469.1838 -114972.0706 25.166
HFAE - BlE L GNSSERAOEE

Bl AX(N - m) AY(E - m) AH(U - m)
ANT 0.0028 -0.0094 -0.012

KRBT A% 2 EBDbID.

6 BEBAUEOHIRMEFTM
6.1 HEAIEHER

TN R B R T O FR BN 2 BTl 3 5 726, AHI
2484 A TAREE ] AR e S B TR
WEER L2 BHNE 2 £y bEF10 HBL o B
% 3R O~ IV F MBS THERE L, 2901 fH
DOEEWE T — 2 20T L7z, 55 N2 EFWE
(Fig. 7) B OZfEWE & SRMEIE OFHB LI O 45
F (Fig. 8) o—flxZzhEIuRd. MHELRIZ
TEETY 7 b [sas] (Bil, 2003) 2L
7z.
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L0100075.bin M_B=13(M_9=03)
Received time = 3.654840s (730968counts),
Cor. coeff. = 0.50, Doppler = 0.685ms

: [ . W)
Lo : ‘ i

0 1 2 : | 4 5 6 b B 0.0 g
time (sec) [ 1) EUURRTRRRRY. o || 1 CySPPRSPR. )it
Mi13 M14 M11, M13 M14 M1l
Bt B [N M) =16 . H i .
RE 2F -1 (4] 1 2 3 4

time (m sec)
Fig. 7. An example of recorded acoustic signal.

7. TSR] OB S M TR O — Fig. 8. Enlarged received acoustic signal (upper) and
the correlation value of the signal (lower).

8. ZEWHO—E (F) HBEREORE ().

(a) the S/ Heiyo. (b) the §/V Meiyo.
SAGA_2004 heiyo : Acoustic analysis result SAGA_2001.meiyo ; Acoustic analysis result
" M1 — } H ! T ! T PR, SR — 80 T T T T T T T T T
L LE] i Pumi t mé — i i | i total number of shots = 3168
M13 — 1 f i M1 — f
7o |M14 m— 70 M4 m—
6| ]
g® g ot
P
5 5
g § wf
= B
2 £
2 n 2 w0
20 20
0 10
- . ] | - : s .
0 01 02 03 04 0s 08 o7 08 09 1 0 [(X] 02 03 04 05 0s or 08 [:X-] 1
Carrelation CosMicient|maxsmum) 0.1 step Correlation Cosfficient{maximum) 0.1 step

Fig. 9. Histograms of correlation values of return signal obtained at SAGA (a) in April 2020 by the S/V Heiyo and (b)
in January 2020 by the S/V Meiyo.
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