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Verification of ellipsoidally referenced surveys at the Seto Inland Sea and the effect of PPK

(Post Processing Kinematic) base station arrangements on the precision of the sounding depths

Ryota TAKAHATA*', Kenta KOBAYASHI**, Shota NOMOTO*’, Yoshihiro MATSUMOTO**,
and Daishi HORIUCHI*®

Abstract

In ellipsoidally referenced surveys (ERS), an optimal GNSS base station arrangement for Post Processing

Kinematic (PPK) may be unachievable depending on the location of the survey area. In this paper, after

the verification of the ERS bathymetry in Hiroshima Bay, the Seto Inland Sea, obtained by the procedure of

Shiozawa et al. (2023), we performed some trial analyses with several modified base station arrangements

to observe the effect of the arrangement on the precision of the sounding depths.

The result shows that, if no array of four base stations, either spatially balanced or unbalanced, can be

arranged at adequate distances from the survey area, then PPK using either

— a spatially balanced array of four base stations at longer distances from the survey area, or

— a single base station at an adequate distance from the survey area

will derive adequate ERS bathymetry.
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Verification of ellipsoidally referenced surveys at the Seto Inland Sea and the effect of PPK

(Post Processing Kinematic) base station arrangements on the precision of the sounding depths
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Fig. 1. Overview of the ellipsoidally referenced surveys (ERS).
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Fig. 2. Location map of the surveyed areas and the
Kure tide station.
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Fig. 3. The area of the vertical datum model and the
mean sea level heights above geoid at the
permanent tide stations [m].
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(Post Processing Kinematic) base station arrangements on the precision of the sounding depths
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Fig. 4. Calculation of the ellipsoidally referenced mean sea levels [m].
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Fig. 6. Screenshots of kinematic processing of
positioning and motion data in POSPac MMS
6.2. The points circled in red indicate the GNSS
CORSs used for the processing. The track lines
of the survey vessel are shown inside the blue
square.
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Table 1. Coordinates of the GNSS Continuously Operating Reference Stations (GNSS CORSs) used in PPK.
£ 1. BUHEX AT 4 v 7N TR L 728120 T 0 BEEE.

TR ARREH T —CX AR (SemiDynaEXE Ver. 1. BAE) 25 G- 590
TIRER | gupg - -
WSS Lt [OMS] REOMS] WAKE | AERRE P M) WEE | MERRE | 66 () | AR GE) | AR (B)
tm) | e tm) & | tml | m tm)
11940078 |/K BHEEF 34| 20| 25.2755 | 132 | 34| 31.5739 293.9 201 1) 34| 20| 25.27068 |132 | 34| 31.59602 | 293.942 2023] 0.149 | -0.565 -0.042
2|960666 [iI@mE 34| 15| 39.3223 |132 | 27| 19.9552 57.42 201134 | 15| 39.31736 |132 ] 27| 19.97621 57.448 2023] 0.152 | -0.649 -0.028
3|021035 [5&M 3411 4.6914 |132] 41 | 31.0511 40.62 2001134 11 4.68825 [132] 41| 31.07079 40.705 2023] 0.097| -0.608 -0.085
4(021036 (& 34 4 9.2350 | 132 | 31 | 53.8594 40.66 2011] 34 4 9.23177 132 31 | 53.87768 40.745 2023] 0.100| -0.564 -0.085
5(950400 |FHR@A 34| 40| 43.7398 | 132 | 32| 24.8561 311.22 201134 | 40| 43.73252 |132| 32| 24.87904 | 311.194 2023] 0.225| -0.708 0.026
6|950410 |88 34| 15| 32.6956 | 131 | 57| 11.8248 158.56 201134 | 15| 32.68959 | 131 | 57| 11.84717 | 158.562 2023] 0.186 | -0.690 -0.002
7(950434 |FF 33| 43| 21.3519 (132 41 2.2860 89.14 201133 43| 21.34921 |132] 41 2.29650 89.297 2023] 0.083| -0.324 -0.157
81960678 (SHI 34| 15 8.8061 |133| 11| 20.7514 58.34 201134 15 8.80321 |133| 11| 20.77118 58.415 2023] 0.089| -0.611 -0.075
91071157 |m&2A 34| 23| 49.3752 | 132 | 20| 23.3420 217.55 201 1) 34| 23| 49.36967 |132| 20| 23.36479 | 217.567 2023] 0.171 | -0.703 -0.017
10(960665 |k &fkME 34| 22| 13.2497 132 11| 40.7421 401.83 201134 22| 13.24453 |132 ] 11| 40.76484 | 401.846 2023] 0.160| -0.702 -0.016
11(960769 [fak 34| 11| 28.2528 (132 13 8.8859 174.19 20011134 11 28.24718 |132] 13 8.90578 | 174.215 2023] 0.173| -0.614 -0.025
12]071164 |FAIAA 34| 34| 31.5617(|132 16 7.7116 273.71 2011134 | 34| 31.55530 (132 16 7.73553 | 273.700 2023] 0.198 | -0.739 0.010
13|950405 |=Z& 34| 22| 43.2636 (133 0| 35.2700 61.26 201134 | 22| 43.25874 |133 0| 35.29164 61.306 2023] 0.150| -0.668 -0.046
141950402 |5 34| 34| 16.6872 (132 | 49| 26.3944 426.49 201134 | 34 16.68122 |132 | 49| 26.41796 | 426.522 2023] 0.185| -0.727 -0.032

Table 2. The XYZ distances from the lever arm offset origin to the primary GNSS antenna converged in each PPK

and their difference from the initial values.
F2 RBMBF AT 4 v ZHNICBOWTIRE L2 LN=T —2F 7ty MNEEDPS T 54 <Y GNSS 7~ 7 F
T TOXYZ kS ZomED S D&

Ref to PriGNSS il 2023/6/26 2023/6/27 2023/6/28 2023/6/29 2023/6/30
L—=7—46A7€vr H

[m]
X (Forward) 1.060 1.053 1.088 1.051 1.320 1.049 1.067 1.064 1.053 1.069 1.071 1.058 1.015 1.042 1.084
Y (Starboard) -0.529 | -0.502 | -0.550 | -0.489 | -0.685 | -0.507 | -0.51 | | -0.492 | -0.507 | -0.490 | -0.483 | -0.507 [ -0.514 | -0.494 | -0.497
Z (Downward) -4.028 | -4.007 | -4.032 | -4.017 | -4.035 | -4.013 | -4.015 | -4.032 [ -3.997 | -4.074 | -4.016 | -4.075 | -4.040 | -4.042 | -4.046
g X (Forward) 0.007 | -0.028 | 0.009 | -0.260 | 0.011 | -0.007 | -0.004 | 0.007 | -0.009 | -0.011 | 0.002 | 0.045 | 0.018 | -0.024
@
g; Y (Starboard) -0.027 | 0.021 | -0.040| 0.156 | -0.022 (-0.018|-0.037|-0.022| -0.039 | -0.046 | -0.022 | -0.015 [ -0.035 | -0.032
D
?} Z (Downward) -0.021 | 0.004 | -0.011 | 0.007 |-0.015|-0.013| 0.004 |-0.031| 0.046 (-0.012| 0.047 | 0.012 | 0.014 | 0.018
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Fig. 8. The difference of ERS depths relative to the depths derived from conventional survey with tide correction.
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Fig. 10. Used GNSS CORSs: a spatially balanced array
of four base stations at longer distances from
the survey area.
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Table 4. The effect of PPK (Post Processing Kinematic)
base station arrangements on precision of the
sounding depths obtained by ERS.

F4 BRI AT 4 v IR 5 BTk

FLORBLE DT X 5 PUFKIENDFHE

Bapacmesk ogen 0.13m 62km
g"mgg:‘ 0.00m 0.05m | 3km 34km
MayaiNok odem 0.08 m 45km 58km
MENSILDI | S oum 0.04m &km mE
MESanndls  Zozim 0.08 m 58km mE

Table 5. Internal errors of each bathymetry by PPK
(bathymetric difference of the main survey

lines to the cross line).
5. BHRWIX A< T 4 v ZIRITIC X B KIED N
s (BAHII T A RO KGR

KEDHERERZE (m) RERZE (m)

WEEBEWOLE
AR RS SIEV (930km)

0.12 0.10
HEBRMED | 5
DA SIEL (11 Okm) -0.01 0.10
WEBRMED | A
& SE (W60km) 0.03 0.10
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Fig. 11. Used GNSS CORSs: an unbalanced array of
four base stations at adequate distances from
the survey area.
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Fig. 12. Used GNSS CORSs: an unbalanced array of
four base stations at longer distances from the
survey area.

12. WRASHRO JrfllE )7 4 HoMlAaabe TR L
7RI AT

DB F-HHE P OEEZ BT 5 HHE & DAY 7K
AT DOAFED S ORREE & B LT 1 HFERE
INE Do 7z (Table 4). WA A FH V72 KEON
RS IR DO AHE A S ORREE & el LT 1 Hifd
JE/NE o7z (Table 5). FEHEFZEDIE S D X1

Fig.13. Used GNSS CORS: single station at an
adequate distance from the survey area.

13. PR 1 MO HEH] L 728 f- A 5.

FARETH > 7z, AR O 4 HOET
e T ORLE 2B ) B S L DI IY Ze KR
KR DOATEP S ORREE & L T 1 HREE/NS
Ao 7z (Table 4). HARHE % F > 72 KB O A ERRR
PR O AR HE 2> S OBREE & Hik L C 5 #IFEE /N
X, PEEREZEIIFBECTH - 72 (Table 5). L
FORENPS, B OBRTREESTEMEHTL L
THRFHBOREENHIL L TnDB LEZ LN,
3.2.3 AL 1 OB FIEES 2N
% Z LT & B FE MR AL B KR D
FRATERGEE (F9 10 km) @ 1 ORI
(YLH ) (Fig. 13) & @i (§9 60 km)
D1 HOEFIEES (F7) (Fig. 14) @ 23
¥ —VORET, BUHEIXA<T 4 v 7%
1To 72, HAWEEED 1 S 0B LENORE
(2B B HeHE & DRI 2 KGR LR DA A
SOMREEE I LT 1 HiftEE/N &S 525 72 (Table 4).
WA & FH W 72 KR O R A I RE R D A 2 S
ORREE LI L C LR/ S <, BRI
FETH o7z (Table 5). FA W R TT (£ 60
km) 1 HOEFHEENOREIZBIT S HkiHEL
DAY 72 KRNI DA D S DIREE & ik
L CRE L K& D572 (Table 4). WA Z
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Fig. 14. Used GNSS CORS: single station at a longer
distance from the survey area.
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