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The uncertainties and the data management of deep water bathymetric data obtained

with multibeam echo sounders.
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Abstract

Bathymetric data are essential for safety navigations and earth scientific researches. As the international standards

for bathymetric survey (IHO S 445 ed.) was revised in 2008, we had needed to evaluate qualities and uncertainties

of bathymetric data. We therefore have carried out a priori and a posteriori estimation for uncertainties of

bathymetric data. A priori estimation has revealed that our multibeam echo sounders satisfy the IHO-S 44 special

order or order 1 a. A posteriori examination has showed the accuracies of the bathymetric data obtained by the cur-

rent survey system including multi-beam echo sounders, navigation systems, motion sensors, etc. have adequate

performance to meet the IHO-S 44 special order or order 1 a. We also have classified the bathymetric data based

on vessel’s states and velocity corrections. Finally we designed the bathymetric data management system to deal

with a large amount of bathymetric data.
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Table 1 Specifications for bathymetric surveys
GPS (w. SA) means “GPS with selective avail-
ability”. GPS (w/0) means “GPS without selec-
tive availability”. Tx and Rx in the beam size
column are transmitter and receiver, respec-
tively.
. Navigation Multibeam Swath | Beam size
Vessel Period sensor system width (TX x RX)
1983 to Oct 1993 hybrid system o ox o
0ot 1993 1o Jun 1995 SeaBeam +20 2.67°x 2.67
Jul 1995 to Sep 1998 SeaBeam210A| +40° |2.67°x 2.67°
Takuyo Oct 1998 to Aug 1999 GPS (w. SA) SeaBeam210B| +60° 2.67°x 2°
Se"aligrg’\;:y“';‘ggooo SeaBeam2112| +75° 2% 2°
2010- GPS (w/o SA) EM710 +75° 1°% 1°
2010- EM122 +75° 2°% 2°
1998 to May 2000 GPS (w. SA) ) o
Shoyo after May 2000 GPS (wio SA) SeaBeam2112| #75 2°x 2
1994 to May 2000 GPS (w. SA) N o 9
Meiyo May 2000 to Apr2008 T o6 /o sa) 12000 £ 60 22
after Apr 2008 EM302 + 75° 1°x 1°
1994 to May 2000 GPS (w. SA) . o 90
Kaiyo [ May 200010 Dec 2007 | coc’ o sy SeaBeam2000 [+ 60 2
after Dec 2007 EM302 + 75° 1°% 1°
1994 to May 2000 GPS (w. SA) o o o
Tenyo after May 2000 GPS wio SA) Seabeam1180 | + 60 1.5°x 1.5

i A35e T L7z 1993 4E#2F20 & GPS O % Bl dh
L7z, SHUSHRw, WEAOMAZRE & LT 1993
4£ 10 H DRI, stand-alone GPS with the Stan-
dard Positioning Service 7Mbb T 5. Stan-
dard Positioning Service Ti%, 200045 H 1 HL
HilZ Selective Availability (SA) 2% TH D,
WAL HKEEE X 95% fEHHEE T 100m Tdh - 72 (GPS
w SA, Table1). SA 12000 4E5 H 1 HIZHEER S
M, 2 LR o ALK BE 1 95% {5 B T 13 m
(GPS w/o SA, Table 1) & 7:->Tw% (SeeBer,
2003).
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&, BIEIEAHEDE (TPU : Total Propagated Un-
certainty) % &Hilig 5 ERiICD 5L TWw A, TPU
K4\ (THU: Total Horizontal Uncer-
tainty), M OV$RIE /1M (TVU: Total Vertical Er-
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e BIEK, Wizfkiis (TPE: Total Propagated
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i )‘%h’(b\é PERTIRETH D, TPU
DEHMO720121%, WFEROFERAZD, SO
Vi) (Accuracy) P TIE L, BEISERT
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WwEIND.

AZ=+Ja’+(bxZ)? (eq. 1)
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Table 2 TVU and THU calculated

AH A VCJU(W(I e

T = 2 tan 0 Vavemgeg (eq. 7>
FEN R R R A E NI,
égi—nzQanﬁ-—tan(ﬁ——a))éﬂéﬂ@ﬁ- (eq. 8)
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2.5 TPUDOZE®D

FZATED Z DBERH SEHE E 72 TPU % Ta-
ble 2 IZFC 9. HHUTER T 5 A D E 13 tand [
NMtan®d THH5 T 5720, FFICHOETH» 5 45
UL EOEAEMICBWTIE, MOE T 50
ERKREL BRBIZONTTPURKEL b, H
IZTVU 2DV TIEMAE DR ED R L, 12134
TORHEHEIZONWT, 60 FEOKRFEILFIEIZ S 44_
5ed D 1M & IZITFEBE, 70 BEIZBWTIEE
2D EPRHLNE o7z AR
[ DOBRETH 2 OBLIEZ 72 S v X9 il
ZEtH$ 5 2 &3, KEOIEELZGIZ I T —
e TEENDDLH2DMFERETHAS

] o . Parameter a (m) Parameter b (%) for TVU Parameter Parameter b (%) for THU
Ship Name |Echo Sounder |Navigation [Motion sencer [Gyro for TVU at the beam_angle a(m) at the beam_ angle
from the nadir (deg) for THU from the nadir (deg)

with without

Tide |Tide Corr. 0 45 60 70 0| 45 60 70

Corr. _lin a deep sea
Takuyo first SEABEAM [Hybrid appurtenances |appurtenances 1.2 1.5 04 0.6 1.4 3.8 200.7 0.3 1.0 1.7 2.7
Takuyo SEABEAM210A |GPS_SA | TSS-DMS3-05 |TG-5000 1.1 1.4 0.4 0.5 1.2 3.7 101.3 0.2 0.8 13 2.1
Takuyo SEABEAM210B |GPS_SA  |TSS-DMS3-05 |TG-5000 1.1 1.4 0.4 0.5 1.2 3.7 101.3 0.2 0.8 1.3 2.1
Takuyo SEABEAM2112 |GPS_SA |TSS-DMS3-05 |TG-5000 1.1 1.4 0.4 0.5 1.2 3.7 101.3 0.2 0.8 1.3 2.1
Takuyo SEABEAM2112 |GPS TSS-DMS3-05 [TG-5000 1.1 1.4 0.4 0.5 1.2 3.7 20.8 0.2 0.8 13 2.1
Takuyo EM122 GPS SEAPATH200 [SEAPATH200 1.1 1.4 0.5 0.4 0.9 23 14.0 0.1 0.7 12 1.9
Takuyo EM710 DGPS SEAPATH200 |SEAPATH200 1.1 1.4 0.5 0.4 0.9 2.3 5.3 0.1 0.7 1.2 1.9
Shoyo SEABEAM2112 |GPS_SA |TSS-DMS3-05 |TG-6000 11 1.4 0.4 0.5 1.2 3.7 101.3 0.2 0.8 13 2.1
Shoyo SEABEAM2112 |GPS TSS-DMS3-05 [TG-6000 1.1 1.4 0.4 0.5 1.2 3.7 20.8 0.2 0.8 1.3 2.1
Meiyo SEABEAM2000 |GPS_SA |TSS-DMS3-05 |TG-5000 0.7 1.1 0.4 0.5 1.2 3.7 101.3 0.2 0.8 1.3 2.1
Meiyo SEABEAM2000 |GPS TSS-DMS3-05 [TG-5000 0.7 1.1 0.4 0.5 1.2 3.7 20.8 0.2 0.8 13 2.1
Meiyo EM302 DGPS SEAPATH200 [SEAPATH200 0.7 1.1 0.5 0.4 0.9 23 5.3 0.1 0.7 1.2 1.9
Kaiyo SEABEAM2000 |GPS_SA |TSS-DMS3-05 |TG-5000 0.7 1.1 0.4 0.5 1.2 3.7 101.3 0.2 0.8 1.3 2.1
Kaiyo SEABEAM2000 |GPS TSS-DMS3-05 [TG-5000 0.7 1.1 0.4 0.5 1.2 3.7 20.8 0.2 0.8 13 2.1
Kaiyo EM302 DGPS SEAPATH200 [SEAPATH200 0.7 1.1 0.5 0.4 0.9 23 5.3 0.1 0.7 1.2 1.9
Tenyo SEABEAM1185 |DGPS POS-MV POS-MV 0.7 1.1 0.4 0.5 1.2 3.7 53 0.1 0.7 12 1.9

IHO-S44 Special order 0.25 0.75 2
IHO-S44 Order 1a/1b 0.5 1.3 5 5
IHO-S44 Order 2 1 2.3 20 10
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Fig.1 Evaluation of TVU with SEABEAM 2112
Red dots mean depths of data obtained. The
Blue line is the moving average of depth (Left
axis). The black line is the 95% confidential
level of data (Right axis).
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Fig. 2 Evaluation of TVU with EM 302
Red dots mean depths of data obtained. The
Blue line is the moving average of depth (Left
axis). The black line is the 95% confidential
level of data (Right axis).
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Table 3 Classification of the survey states

Vessel State Speed (knot)| Course [ Sound Vel. Corr. Quality
Survey 8-12 Straight Yes High
Supplementally Survey 8-12 Straight Yes High
Towing 4-8 Straight Yes High
Idling 0-2 Stop No Low
Turning 8-12 Turn Yes or No Low
Bringing/Returning 10-15 Sraight/Turn Yes or No Medium or Low
- g" (
- a%% . Survey
L @ Supplementally Survey
. Towing
O Idling
. Turning
. Bringing/Returning
O Classic SEABEAM data
_ (Low Quality)

J

93 ARTER 3 DBl

Fig.3 Example of a bathymetric coverage map based
on the classification Table 4. UPPER : Superim-
posing the high quality data on the low quality
data. LOWER : Superimposing the low quality
data on the high quality data.
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