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Abstract
In recent years, with the spread and improvement in the accuracy of kinematic GNSS positioning,
ellipsoidally referenced surveys (ERS) have become practically possible, which in principle do not require
tide observations during the bathymetric surveys. In this paper, as the first step of a trial to establish the
standard operating procedures for ERS in Japan, we presented the practical operating procedures of
bathymetric data processing in ERS and vertical datum model estimation, by using the existing bathymetric
data in Tokyo Bay. In this case, the validity of the ERS operating procedures was verified by comparing the

depths in the ERS procedures with those in the conventional procedures with tidal reduction.
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RIEED A TR 5 N A B SUERTIKTRIZ, RSO
HET D B MR A 4 F] %2 L ZALS 5 2 & TH
EMEDER KA L, €0 F L TIIIERREOH
PN T ORI Z PR T 2 DI — KA HEETH
B72DTH5.

—iC, BERIIEIORITE 5 L IEE WY
Nz, BRI ci, KERt v — otk
AR, BT b, RREMEOZE) K O IE S D
B I AFICL DY AT HHFAET B, WA B
ToH-oTh, HAGE) RCRHEBIESFD) 2 713

O, b LA —, BlER o @2 kM
VL, REOYE, WERIEEOR ) E LAVE
CHMREMES A5 5.

DL BBADY) A7 ZRIMTEDH LK
WHlEOFHEE LTERINTW A 025, FEEk
EARHEKIRME Th 5. K5 MRS ALK RN & C
&, B OMGEIERETH S N D B UUE T KR
[ R %) > GNSS i AL o F PR & 2 LA 8 5
LT, BHAEEEEORS (DIF, fEHAoKE
E35%) #EBEMELT, F— 7S, M
REIEHEDRAKE (DT, RAKIET IV & T
%) ®MAAHZEITED, KENEEHUIET S
HETH 5.

Fo AR TS 2R HE R RN B O B K OFF 1L, IR 1R
SEHITIE 2 MRAE Y 20 BRI ESE DS R BRI I IE A B &
LBMICHL. RIEKHAETNVERET 720D
Bl 3 ECldd b 00, Ll L b
VEE DRI 2SEESEOMICHE SN D Z &A%k
Kb, F7z, FBRAKRZ, EROMEEET
HONLWEYIER KR E IR, RS oHRkiE
ThHEMNEREIRHEZLET - ETH D720,
B 7 — & OB R AFO 2 L K, MRS
D B TR &) HBIED & % #5R  atld
WZHOND. TOXHIT, HEFIAREHRAE K G
T, ERREEBE L WD 2 ODR L 5 EHRIE
WZAEESNTnAE 2D, BREPOFR) DL WH
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WM A E KRR, a7 b LTI
RESNTV2b 0D (HAKEHS, 2001 -

2003 ; /NH% - A, 2003), FAE, EREO S
AT 4 v 7 GNSS P HEE > A T A2
LCEAZLICXD, W FRICEBTES X
I oTE BlzIE, AREEHESE Ot
TlE, IV FE—2{lIEZIICOE LoEENHR
IZBWThH, FERREREREREIRED, BEAFAOK
PR AT, BINEo 1 D& LTHEAMLEESR
TWwb (KA - fi, 2019). 72, HADfZE
L—H—JRIC BT, KRR & O
EARWNLEZ BRI EN TS (B - /h
B, 2013).

AR, HARIZBUT 20 P4 SR K gl
DOEEMEFINHOME % HIF L 723 T o8 —BRE & L
T, WERBICBUT 277 — % & 72k ke
DGR T — & I & AR E 7 VAR % 7
TIATV, KRR RD 2 BRI 2 FIEZ R L
7o, ARFMIC X DS N7KE L WIEYOE &2 29
LUECRDOMH TR O NIKELZ KL T, TOR
W2 WG L 7z

2 BAGEEDOT — 2 0E

21 fEAT—4%

AR Cl, HE2BEXELREARTBOMEM [1X
F LB GHE-fb, 2019) OFR 30 (2018) 4,
Afioe (2019) 4E, 4712 (2020) 4ED/Xy F 7
ANCTHMF LRV FE— L HlET— 5 2L
7o ARUEEAE, BRAVEBET A S 47 km FLEE
BENL 2RI T (Fig. 1), KiRORL S 4 DD
WA 57% % (Table1). AHEOEEIZB W TI,
DV OZ %2 EE L CHEML 7.

(1) ALK E 7V DR % WS HEbR T % 720,
TGOS OB )\ HE BT S L, 2
D, WHEEE P X O (R E O B
PHET LI L.

(2) B DT =%ty s %7z BHGE % 17 9
729, BEEICES THRLTWB 2 L.
WHEMEETE, REBHOT 27 vy Fil<L
F € — A4 il % #% Teledyne RESON #1: #! SeaBat
IDH T50-R # M L7z, 72721, 4t (2019)
FIZBWTRARMOY F =R TH - 7272
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Fig. 1. Locations of patch-test areas and the Yokosuka tide station.
1. 7%y F 5 A b FE e & BEE B o0 E.

_18_



Developing the standard operating procedures of ellipsoidally referenced surveys at coastal

waters in Japan: trials of bathymetric data processing and verification of their results

Table 1. Patch-test areas of each year.
F 1. HED)Y F 7 A DENHE.

10m i 20m JB 30m B 50m JB iz
T30 (2018) 7/26 7/27 7/26 7/26
ST (2019) F — 9/10 — 9/10
42 (2020) & - 1/17 - 1/17

O, FEFEMOY F—oHMH L KhEE 7 o
7 7 A VHlE X, AML # % Smart X SVPS % fifi
HL7z. 1EROMETHEHT 2 SSED 720D
B 7 — & 1%, BEZHE BRI © 5 55 [ FR o 92l
T L.

XV F Y — AR O AL - B AR BRI,
Applanix 13 POS/MV Ocean Master V5 (LLF,
POS/MV L \w9) ZMLZ. A< T4v7
WHLD 72912 W6 7% POS/MV DAL - BE RAW

22 XxYTqv7NE

POS/MV OHIfL - Bz D RAW 7 — & O FEFEEE
Ito7zboKA&EF A ~T 4 v 7 WWHETIT,
Applanix 41 % POSPac MMS 7.2 ® A < — k N —
2B ERM L7z (Fig. 2). |1 #ENTFT— %
&, P8R T8RN TAEF] =W 2] o
4 MO RINEX 7— % (30 #0fi) % [ L3 B FE D
[BFREL TR - X] oy
O— FLCTHEH L7z BT,
E B RE e[S S REHEY — 2] 125e
WM o5~ IFA4F Iy 7HiEZ#EH LT
A L7z, GNSS fif HLE 7 — & 13RI IR
JERGH L7228, A~ — b R—ZAMEIZBIT S
SmartBase Quality Check ® 72 122k J& b i
L7z, RUHEFNEOFEM IO T, - il
(2019) % ZE\NT27EE W,

7T—%1%, #l#Y 7 b =7 POSView TSk L APETIE, W7 - BT — 7 Of A0 &

7z. D, POS/MV Eiri (K 27 AT, IMUZH
N i

ri g Hg_ua:hxlumsmmm:mom.mnmnmummmmw:mmmm

. . | y N T T T T,

00
......................... mm»mmmmw;;&wmxmm o
Fun the SmartBase Quality Check processor with the nect best control canddst
Z1 Fenun the SmartBare Quality Check processor. Cortinue.
[B8] P the Applanix SmartBase processor Close
| I

Snap Meter GPS P 0 B NS0 m TS =

Fig. 2. Screenshots of SmartBase Processor and SmartBase Quality Check processing in POSPac. The points in the
red circle indicate the GNSS-based control stations used for the processing. The red line in the screen

indicates the track line.

2. SmartBase Processor & SmartBase Quality Check @ POSPac MLELE fi. 7RALTH £ L7z S MBLic i L

PRI R IR Y. PR OPRBUIA 2 7R
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Table 2. XYZ distances from the reference point of the lever arm offset to the primary GNSS antenna each converged

in POSPac processing, and differences from their initial values.
2. % POSPac MLBICBWCTIH L 2L N=T —=2F 7ty VEANSTF4 <Y GNSST »7F FTDXYZ

PHBE & 2 OWIED 5 D57

=] HMED & D=4y
T POSPac 5T E1E DHEEL - DES
L/N=7 — 4| #HE
F 7ty b [m]

2018/7/26 | 2018/7/27 | 2019/9/10 | 2020/1/17 | 2018/7/26 | 2018/7/27 | 2019/9/10 | 2020/1/17

X (Forward) -6.653 -6.788 -6.784 -6.780 -6.760 -0.135 -0.131 -0.127 -0.107
Y (Starboard) 1.588 1.450 1.450 1.510 1.510 -0.138 -0.138 -0.078 -0.078
Z (Downward) -7.494 -7.460 -7.450 -7.460 -7.474 0.034 0.044 0.034 0.020

M) 25 Primary GNSS 7 7+ ¥ ToO LN —
T—bF 7y MEZER L7 BHRIL, RS
g 2479 720, HOWORZ MRS 5 £ T 3 Il
W L7z, &7 — % Oii#E (Table 2) 1213, %
RFHBMESRH D, RUBSEYI TN LAt
G5,

2.3 BIRT— a0
FHAEEEOWR T — 708 (LU, FrE

WL 5 %) IZBWTIE, FEMARKEGRZ 2

L CRGBEZ KD LB, BRIFTIC BT 5 R K

HEORBKTOEEMEZ V7286 (LU, 18

MR (BEf) &35) &4 4 FMagtds%

ZREL7omIOKEE TV E WG (DT, i

PILEE (RAKIET V) £35) O 2 EHD

WM 24T 572, AT, WESIEZET 50ERkD

B (DUF, WELE 35) 7o 7.

WLEE ) 7 b 7 = 7 1% CARIS #1# HIPS & SIPS

104 ZfEH L7z, FaPIARMLEECIE, Wl sl 2 2

AKIZL>D, GPSTide 3t H O TR Z BN L 72.

BARR 2 P TFNEIZ, TFoEB)TH5D.

(1) HF#7Tuey =7 V2B Y 7 b =7 L CTE
B 5. Fie HMMBETEOKE RS IZT S
729, KAEITMAT, (a) FHARLE (FEg
i), (b) PR (HAKKIE T V),
(c) W& D 3OO, o

Tuy s MaERL7Z.

(2) &Y —OWTILE - MHEEEI LS S h
7z Vessel 7 7 A W AER T 5. AR,
Fa TNy FEID Vessel 7 7 4 )V & VK
L7z, BRI TH - 724 Foc (2019) 4
D&, TNy FRID Vessel 7 7 1 WV
ZHER L 7z,

(3) fEkL7z7a vy =7 bhb, IV FE—A4il
W —% (HSX 7 74 V) Ziird.

(4) POS/MV @ {ll {7 - &) % RAW 7 — % (000
77 AN) OHFRL, EFEE O True Heave
ik its.

(5) POSPac LHLCIE & M7= FAGE QWL - Byfe
7—% (SBET 7 74 V) Z#HT 5.

(6) H5HIRLE D354, GPS Tide % 5t 5 5.
(@) FEMALHE (FEEfE) ¥4, Datum
Type @ Single Value & L C, F¥KM, #x
K K VIR AR T — B3R Gl B AR T,
2021 : DUF, “P¥KmSE—-RHEET L) 2B
VA REZHE O RAKK T OFE R E TH 5
3534 m i L7z (Fig. 3a). (b) #§M &
WP (K EE 7 V) DY 4, Datum
Type ® Datum Model & L C, KTk~ %
RARKIE 7TV A2 L72 (Fig. 3b, Fig. 4).
CORMBAKTET VDT 74V (FEEE, %
B, FsHfkE) 2By 7 by 7ICEEAE
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Compute GPS Tide

(a) :

Selection

gl @
Source
B Datum

Type
Value

Single Value
35.340000000000000 (m)

oo

Smooth GPS Height [ Falze

Antenna Offset EA True
Dynamic Heave Delayed Heave
MRU Remote Heave EA True
Dynamic Draft [ False
DeltaDraft/Subsea Depth [ False
Water Line Vessel
Height Correction 0 (m)
Time offset 0.0

Options

Options properties.

o ][ conet || vew

Compute GPS Tide ( b )
su2l &
| B Input
Source Selection
|El Datum
Type Datum Model
Model 0720.xyz
Info File C:¥CARIS_Projects¥R2_hamashio¥Tide¥
Coordinate Reference System WGs4
El Options
Smooth GPS Height [ False
Antenna Offset B True
Dynamic Heave Delayed Heave
MRU Remote Heave B True
Dynamic Draft [ False
DeltaDraft..l"Smbsea Depth [ False
Dalum
Datum properties.
o] conce Heb

Fig. 3. Screenshots of GPS tide computing in CARIS HIPS & SIPS processing: (a) using a single value and (b) using

a vertical datum model.

3. GPSTide ®FI&EWH : (a) BEMZMHEHLAEE, (b) REKTGEFVEMERH LGS

B 0720z - TeraPad - B X &% 72912, Column Name |ZX 3 57 —%

WD WMEE BTG BRNV MYPOMW Y-LD ALTH @ Column Index &{F‘é‘ﬁr_"g‘“ 2 Info File %EU:‘@

- '?’..' Sl .".'.f.za".‘."‘?.? (- L7 (O ﬁﬁ%—mfm%A mCH
4|34.98333333 139.8 35.38287082: Méhkﬁ&?—&(5ﬁﬁ)%ﬁmtt
8|35 150 778 38 Adearoogi L () BETTT 4 VAT S, BRI
815 139850 56 To7suiTs BHOEETTT 7 A VBT 270,
10 3201036867 130-76. S, 44857504, NN ‘ caiss 4 PRI D
11| 5501000667 139.775 35 sEI0kozs. W7 = ISR LT, BHMIRSIAT 6 4 IR DL
i B o 5 o N0 DTN L b O
S L T by TR R
17t oot Loy s Jodoear, | §) e D7y RRET A Merge
%%ﬁmwﬁﬁﬁﬂﬁ%mg #4795 . #H$ 5 Tide 1%, F5HARWLECIX
21(35.06 139.75 35.315327631 GPS %, ] &AL T X Observed/Predicted
22 |35.05 139.775 35234201824 ‘
2|08 130:80 38 Dst 077, TERT L.
818500 139,55, 3607100 9 Wi 7 — % OHETdH % TPU (Total
% gﬁggggggg }gg;g%%ﬁ,ggg%gf* . Propagated Uncertainty) % #1453 %. CUBE

e s e KGE (- M, 2020) ZRDBBRICLE L

Fig. 4. Screenshot of a text file of the vertical datum

X 4.

model.
RIEKEET VDT FA N7 74 VOB HE

b, WERT—% &L TOREHDS CUBE K
WRaeRD .

(10) ALEE 5 - s - AR X B A5 o kR
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AED =%, i CUBE KGO BEHEAR 7 %
ARG ERIH L.

24 REKEETIVOER
FHAMEIZ BV, KBFZKRONIZE D RD

bb.

K = e O aE Ak e Y — e v
= i 7 O OE A K Y — (il o K P Ak
Y — BEOK I T L)
= (3 75 O IE i K 2 — ¥ i o> K 1 AR
5 Y) + AR E 7L
= Fi5 IR + e AEOK T E 7 v
CZTHEICEENZ (D &, #wEICEo

TRMZLT 2 WHEZ KT, B, EHARKE

& AK€ 7V O T J5 3890 %5 CIERE 2 b L

i) HEFIFEFIMHET .
KigTHW2REKGEFVIZ, DWTOFIET

FER L 72

1. HEBREITIC BT 2 BUM T O R H gy
& U AT o P KT MSL ©FiNZ L D,
BB AT O3 K OREE Higsy (= Hog
+MSL) ZHH.

2. ¥ HKM DS HHyg %, Triangulated
Irregular Network (DLF, TIN & $5%) 7V
T R L% TER.

3. FEHKEOESZY) v FH sy & V41 NE
DZEHET VN OANZ LY, FIKE DN
HETdH 2 PRI E TV EHyey (=H e
+N) zZHH.

4. KT TNV EHygy 205 Zy (ALK A
LB K E CTORE) REDE, HREOKH
DOFEMATE TdH % BAEKIEE 7))V EHypy (=
EH ) — Zo) % 5.

DUFCIE, HaBIcB i aREKmETVOR

I AR TN % 7R T

(1) BRI oK HE OB R O 51
AR v 7 — 2B I TBY, 1

K& H T 5 7202155 % R @i 77— 7 A3

b5 R EOF BT R, T3, SR

W, BUZEHE, AR, $EL, qhER AiR) o

K OBRE 2 H S 4. BRI O FE E I b
O WILAE He 2019 SERR (il A BRI & > 8 —,
2020) OEFAEZ T L7z, BENEESER o Py

JKINE, EIRLAEHE 2015 4ERUA S 2019 4ERL (i )+
HEEMAYE > 7 —, 2016 —2020) O 5 4E453 DAEF

WA — 7 O E L7z, SRS BN
O & B LT KT ORI A S W ik
WA O KOS EH L7z (Fig.5). Y
A9 Bl r & oK OFEES I 10 cm BLE @
DB o 72HRINIRAN L, DT OFMETIEMER L
Lo,

(2) “F¥KE ORER O TIN OVERK

Pl 2 B < 7 AT O H R BRI O S K I O
w7 — % 55, ArcGIS @ TIN @ 1§ i (Create
TIN) #EHEIC X D HETE O FH KOS O TIN
e L7 (Fig. 6).

(3) XK€ TV OEM

VA A P02l VIE L EREO HAD
T A F2011 (Ver.2.1) %A L7z (L H3

Fig. 5. Elevations of mean sea levels at permanent tide

stations [m].

5. HWBEI T O IR O R [m].
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0.091 - 0.099
B 0.083 - 0.091 4
I 0.075 - 0.083
Il 0.067 - 0.075 ™
Il 0.059 - 0.067 ~
M 0.052 - 0.059
I 0.044 - 0.052
0.036 - 0.044
0.028 - 0.036

Fig. 6. TIN models of the mean sea level elevations in
the Tokyo Bay [m].
6. BOLEICBUT 5 FKEOEFEO TIN [m].

oo

FIKEDIES DTIN [m] A4 F&E [m]

Be, 2021). HADY A4 F 2011 (Ver. 2.1) 134
FE1XBEISHGD7 )y RF—=4%ThY, ¥
YKEOWHARED kO 7 ) v FTHRINT .
ArcGISDH — 7 = A5 DB (Add Surface
Information) #EFEEIC L D, VF A FET—F D
&7 v N EERBAMEDFIKREORRT—
Z TIN 22 533 2. fltl L 723K OB s
T—=5 L TF A FET—% OHIH» O FEKEET
VegB L7 (Fig. 7).
(4) AT E 7V D

BRI B TUE Zo (P KNS — B R O R0
Zo XA ZMHAL WA, RATTIE, FBHAE
WLBLODF- UV % 7R§ 7200, A PIAARMLER & 3 e LB
THRBROKBEIHFOND D WRAET 5 2 L0 5,
F& PR AL B D Z 13080 i LB &[] B L2 2P 3 K 1 55
—BRORE Zy XM 2 5. FKIH
ETNVDETY) v B b Zy #2451 & TRK
KEETNVEZHM L7 (Fig. 8).

® 3401-3450 =r.
® 3451-35.00

@ 35.01-35.50

© 35.51-36.00 _

© 36.01-36.50

© 36.51-37.00

# 37.01-37.50

@ 34.51-35.00
@ 35.01-35.50
€ 35.51-36.00
O 36.01-36.50
@ 36.51-37.00

IR EDTEFER [m]

Fig. 7. Calculation of the ellipsoidally referenced mean sea levels [m].

7. PkmOMMNAR [m] O
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@ 34.51-35.00
@ 35.01-35.50 |
€ 35.51-36.00
& 36.01-36.50
@ 36.51-37.00

sssesssee

asssssseee

@ 33.01-33.50
@ 33.51-34.00
@ 34.01-3450 *
@ 34.51-35.00
@ 35.01-3550 ~
35,51 -36.00

T KEOEAES [m]

Fig. 8. Calculation of the vertical datum model [m].

X 8. fEAKEETIV [m] OBEH

3 RAITHR ORI

B3 TR 72 FIMEIC & o TH S N B KER R
KIAE TV DOF Y% 5l % 720, SATHRO
HBIZ X B WREEZE AT - 7z

3.1 KRDOIBEREE

FEFPRALERIC X o THRAKIIZ R DN D IKIRDZ
UV ZMGEY 5 720, EANEREEE V72K ER
Hi5 BERRGIE R 9] w5 AL BIK 2R & D FLRMGIE 2 47 - 72.

311 EMEEIGREI R 22 KGR B GE

K 50 m #E (Fig. 1 O X 5 (2 T0 s & BUpH &
FHFMF TR SN TW5B) @ CUBE KiEIZD
W, F—=1"—F v FUESINHIROWET —
ZDIELDE %FHKT StdDev ¥ — 7 = A DMl
(mz<T, Zof#EFE) % Table 3173, A
AATIZBWT, FEEARLEIZBIT % StdDev - —
Tz AOMAEIZ4-5ecm TH -7z, Mz T,
FE PR LPE & il S LB A5 R & D ICIE, AT
WCHBERETIRON o 72,

3.1.2 WIEALPAKIR & O L RGE
B 5 3OO0 X o THE SN KAEDO M
KE (2018 FE DM EMLERIZ X B KIER L) %

RIEKEDORBAES [m]

Table 3. Means and standard deviations of CUBE
depth’s attributes “StdDev surfaces” at 50 m
depth area.

3. JK¥%E 50 m #EIIC BT 5 CUBE KIEDORMETH

% StdDev ¥ — 7 = 2 O -3l & A HE R 7.

StdDev <FigfE + {=t R E> 2018 £ 2019 £ 2020 &
EAELE (EEE) 0.05 £0.02 0.04 +£0.02 0.04 £0.03
ERELE (RIEKEET L) 0.05 +0.03 0.04 +0.02 0.04 £0.03
FAmiLE 0.04 +0.02 0.03 £0.02 0.04 £0.02

WEEIC 7y b Lz % Fig. 9 1CRT. KK
(&, FEFARALER (FEEfE), AR (AR
METNV), MELBEICE s THONIKFED
CUBE KR Z & 07 %FHHT 5 Z LTS
7z.
ARFATICBWTHEMARRE (EEM) <Hoh
7K, RO KEIZHR T 15-25
cm L RoZe. 72, wFGEE D b AR HE B
FrE COMHEAE < 2 2I122oNT, #ELE,» S
DIRFEEDP LY REL o7z

—77, ARFEATIZB W THFMARRLEL (FEoK €
TIV) TR OLNKEE, WIELEOKRGEIZIEN
T, MAR5-10cm &< o7z, T/, WimELH
DB OKEENZOWTIE, BT £ T o HRER
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4@

ABXIACE [m]
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-0.50
HErELE (BEE)
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&30 o EMFELE (FENKETT L)
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> 0.00 — )
&= 010 A
I p20 4
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Fig. 9. Relative depths of each area [m] and their standard deviations [m], in referenced to the depths taken in 2018

by the conventional processing method.

B9, BHEHRORIEOMIKEE [m] EFEHERE [m]. 2018 AEDHERMIT X 1) 15 5 72K IEAIEHE.
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Fig.10. The vertical datum model [m] and
approximate positions of the bathymetry areas.
Oblique type indicates the value notified by the
Japan Coast Guard.
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Fig. 11. Differences of ellipsoidally referenced datum
levels between the model and the values of the
notice at each benchmark.
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Table 4. Comparisons of ellipsoidally referenced datum levels of both the model and the values of the notice.
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