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High-resolution bathymetric survey acquired with autonomous underwater vehicle Gondou

~Example of data processing and its result~"'

Noritsune SEO™ and Hiroki MINAMI*

Abstract

Hydrographic and Oceanographic Department of Japan Coast Guard conducted bathymetric survey

using multibeam echo sounder deployed on autonomous underwater vehicle (AUV) Gondou off Yaizu in

Suruga Bay, Japan. This technical report describes data acquisition, data processing including correction
of navigation drift and the result. We compared the bathymetry data acquired with AUV Gondou and S/
V Takuyo to verify the difference of resolution. High-resolution bathymetry by AUV Gondou was able to
detect the small seafloor features which were not resolvable by S/V Takuyo. Two quality checks for AUV

gridded data were conducted by investigating standard deviation of depth and by calculating the depth

difference between main scheme line and crossline. The standard deviation of depth was less than 0.1 m

for most of the grid nodes. The depth difference between main scheme lines and crossline was 0.04 m in

total. These results for quality check showed that AUV Gondou acquired data with acceptable quality in

this survey.
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High-resolution bathymetric survey acquired with autonomous underwater vehicle Gondou

B LTwaEZAhTHY, R CIICINET
\ZHEST U 72 7 — 7 OMLER i K O S
AR ERETACERANET L. F—v D
FVFA4—F 2927 H ODHETH 72D TH
555,

2 WHEOBE
AR TR A3 OV AR AR OB 2 R 5

2.1 FAEHE

BRI oBEEh (K 800 ~ 900 m) 12 THiAE
ZFEhiL 72 (Fig.1). AUV [ZTA L9 | Z2Hw7
FAIE 2014 424 H 27 H 02:00 ~03:12 (UTC)
T, F2BEM THE] 2 HW2#AE
201347 H 24 H 04:10 ~ 04 : 20 (UTC) %
VTSN L 7.

22 FAEWES
AUV [TA LY ]

AUV [ZTA &9 ] (Fig.2) #HWCTHET—%
ZPRAE L7 RV — A FENERD Y AT A
OWEE % Table 1 12779, AUV O OBEZLC
DWTITER - il (2013) 2B X7z,

Fig. 1. Survey area (Background nautical chart: W1075
SURUGA WAN).

L AR (RO - W1075 BRiE).

Fig. 2. Overview of AUV Gondou.
2. AUV [ZTA LS | ohE.

Table 1. Sounding system equipped for AUV Gondou.
#1. AUV [ZTA LD | OWRY AT 4.

Item Device Manufacuture / Model Accuracy
inertial navigaton system __[IXSEA / PHINS (With DVL)

Teledyne RDI /
WHN300 (300 kHz)
Paroscientific / Series 8CB

position : 0.1 m of
travel distance
(Without DVL)
Ashtech / DG14 position : 0.6 Nm/hr
sniec depth : 0.01 %
R2Sonic /

multibeam echo sounder  |5onic2022 (200-400 kiz) _
AML Oceanographic /

Micro SV

attitude/ doppler veolcity log

position |depth sensor
positioning antenna
(on surface)

sounding

surface sound speed sensor sound speed : 0.05 m/s

AUV [ FED 5 OFEEE S0 m ZAfERF3 5 X9 12
#1337 v b (1.5m/s) THIMZMAT L. Wl
F1AROE SIEH 800 m, HHREUIAK 6 A,
TR L AROFHT R TH S, AL IIARBIER
FTLUMDOZETT =D F )T 4 —F v 7
WCHWS. Ao RHBEHREE, HRHECH®ET—
WA Gt —N=Fy THhH D X9 100 m 2
R L7z, TAOWMICE L 2RI 1 e T
oz,

A [

AR TP % TR — & 2 003 L 7=,
(] 0%V FE— A HEBNEKO S 27 20
BE% % Table 2 W73 BIGAR [HE:] $80) 10

Table 2. Sounding system equipped for S/V Takuyo.
F 2. WEM [3hE] OWERY X7 4.

Item Device

Manufacuture / Model
Kongsberg Seatex / MRU5

attitude/ |positioning antenna AeroAntenna / AT575-75
position [positioning (DGPS system)|Hemisphere / MBX-4

Accuracy

motion reference unit heading : 0.05°

pitch & roll : 0.02°
position : 0.7 m

processing system

Kongsberg Seatex /
Seapath200

(DGPS)

sounding

multibeam echo sounder

Kongsberg Maritime / EM122
(12 kHz, beam angle 2°x2°)

surface sound speed sensq

AML Oceanographic /
Smart SV

sound speed 0.05 m/s

sound speed profile sensor

The Tsurumi-Seiki / XCTD-1

temperature 0.02 °C
conductivity 0.03
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/v bR E LT L7z

3 T—HADPRFERVUNIE
2&% X AUV [TAED | KROWES (3R]
W VT — & PZ DO W TR

31 AUV [TAES]
7 — & Ik

WERT — 7 1Z AUV HEH ONSk Y A 7 212k 5
TR E N, <V F B — A F 2R Sonic2022
D7 =% (*rawJEX) LAERCEIEOT— %
(*esv BR) AR 7 7 4 MICEF S NG, T—5
MPIZIZ IS Z2HAE L7 74V (Fgsf )
ZVE L TH WA, Sonic2022 & 7 — # YUk D
F%EE/NT A — % —% Table 3 IZ/RT.

T — & QLB

7 — & WL B |2 X MB-System Ver.5.4.2176
(Caress and Chayes, 2014) }2 0¥ CARIS HIPS and
SIPS version 8.1 Z 7.

FREMIEICELTIE, ¥—2A7+—3 V74

R KRB EEM I T — PRI TV Y £ A
THio7z., By H—Mo+ 77Xy MHIE - Biind

1F - @A IE1X MB-System # HHW TR X v 71
Y A TH - 72, I AE S IE A IR 2 5 5 20
km BEN 72 AR GRAGTHTE) 1BV TI
BENLMLT— 7 2w, 877740
HIEIZ T T v, oMM RO EIZOWT
BEETHRRL. 24 ABREIET vy —FE2f

Table 3. Parameters for data acquisition with Sonic2022
on AUV Gondou.
3 F—FWEKICBITLAUVIZAEY | @
Sonic2022 DFREINT A —F —.

parameter value
frequency 400 kHz
sector coverage 120 deg.
transmit power 221 dB

gain 1dB

pulse width 60 us

minimum depth gate 20m

maximum depth gate 70m
range 120 m

b3 FETIT- 7z

V718 4l 1F. 12 & MB-System @ mbnavadjust (T
LE—FTTTVx AL EMHINAERILY —
WERMEH L7:. Z® mbnavadjust |2 & % {7 & ffi 1F
OFHEEFHMAT L L, T34 ABREHBD 1RO
WHED T — & D BERBENENT 5. RICHERET
LD 1 RKOWRDT— 5 5 b FRMENER T
5. ZLTBHVOERBPERTH LK
®§wﬁ%@ﬁbﬁﬁ%@ﬁ®ME%ﬁEL1w

< (Fig.3). B zIE (M0 - g Wrigss)
PIAET % L FRME GRS EHIEENES IR
D, XDHEDS LWHiIEAYT 2 5. mbnavadjust
% F O 7o AL E AR O E DR IE, @i
B OMIE DA TIT o 72, OMIAEORMIE & 1%
AUVDTF—=5 DAz HIETH Y, BEHET S
HHLH OF R 2 I $ 5 2 & THBH O Thz
MIET2H5DTH5L. @Y BMEEZITDRVE,
ARHFEL ZVIETOREIENLY, B0
FHAEICHEND Z LICh L. Qi EOH
EEIZAUVOTF—% LHlEMOT— % % fi 9 #
EThy, HEHOF—5%21E (V77L Y R)
EE LT, AALE 2 #IE L7z o AUV o4
F—=5%, WEMOT—7ICAET S L) 1CBEH)

Fig. 3. Example of “mbnavadjust” tool on MB-System.

3. MB-System @ “mbnavadjust” > — V@ M i 5.
ATOWHIIEAHA LB & w) BET 5
2ARDOWM BRI 2 OIER S 2R (f
&) BERINTBY, ZOHERKEZTFH
FOBETED? L2005 HWOSERERBEIEET
HEIIMEERHIELTHL.

_42_



High-resolution bathymetric survey acquired with autonomous underwater vehicle Gondou

S CHNWRMETNEZMIET 25D TH 5.
CZTIEHAUVOT—=2 I LS i
i) oTid e, WERoT—2I1283ins
) BRERMIEEM) ZL1hB. T THLH
B (B - & - WESE) 2T 5
EXDHEDND LWHIIEDIITR 5.

ol D AH A B B OHE 67 1 & iR L 72 R o
*.gsf 7 7 4 V% CARIS HIPS and SIPS version 8.1
IZFE BRI, AT ADMEN K B EAT T
(CARIS T3 swath angle surface & XN 5 J5i%)
WED 7Yy T4 7Lz 7Yy FEREIE I m
L7z, SNIEAUVIZHEEAYSDOEES0m T
HAELTBY, E—2A1°0HEIZIEAUVET
DE—=2D7y b7 MEI0ImITHDHI EHh
LD DTH 5.

32 BIEM [#Ri*]
7 — & %k

<V T — A FEWERE EM122 O 7 — ¥ X
$%12 1% Kongsberg L8 » 57— # JL§k >~ 7 b SIS
(Seafloor Information System) version 3.8.3 %= i
Wiz, T4k rall BTl S vz, EMI22
DT —Z PRI O TR E /8T A — 5 — % Table
41RT.

T — & WP

7 — & WL 121X CARIS HIPS and SIPS version
81 ZM\ 7z, KAHMIEICE LT, e EM
1B EmETT7 7 4 VAE- & —Ho+ 71y

Table 4. Parameters for data acquisition with EM122 on
S/V Takuyo.
# 4 FT—FYEERIIB T 2 MEM THhE] © EM122
DFEEINT A—F —,

parameter set value
coverage angle 130 deg.
angular coverage mode AUTO
beam spacing HIDENS EQDIST
dual swath mode DYNAMIC
ping mode AUTO
pulse length ~5000 us
FM disable OFF

N HIE - BhER AR IE - KA IE & 7 — & BRI IS
SISIZBWTY 7IVE A4 L Tiio 7z, WIWHIED
A CARIS # HIWTCHRA N 70X A TIro7z. &
JEE#EAIE oW T, WEM (0] o< vT
Y — A E RN R O 28 S B FH AR Lk
FEOFHIATE oz, Kb ISR
RIS CREIN 9 2 K2 B &1 L 728 % SIS
WCAD L CHIIE 24T - 72, Al IE 210 K B
it (RETTE) 2BV TS ST —
W 24 ZABFRE T4V E =R b
FHTITo72. /A XBRERDT—F 2 AT AD
AEICEAEAFTHECXY 7)) vy 71 v 7L
72 (CARIS T & swath angle surface & XL %
FHiE)., 7V v FHEBIE30m & Lz ZHiEl
BWHIROKEA00mTH ), € — LM 2° DA,
HWEMETFTOE =207y 7Y ¥ ME3lmi
BBHIENLRDIEDLDTH 5.

4 fER

REETIX, AUV THUS L 723 #% X % 0 =
A CHUS L7z HE N & i § 5 2 & ¢, AUV
OHMEOMIMEEN 2 D D, T2 ED
Vy RF—=3D7F ) T4 —F v 7% DO0D)
BTt o 72, — D HIKRME DO 22 O BGE T
b, O HIZMBOAMR & B O IKERME D 7
DOHGETH 5.

4.1 HF O HEE

AUV [ZTAESH | RUWEM [HhiE] THAE
L7z #IEK % Fig. 4 \RT. WO b #
PR OH T —A7r— VIR LTH 5.

AUV THUS L7z H0E L, =AU L 72
WK TIZIRZ B Z & DT E %D o 7R OB
GHEEZ A TV FIZIEEHEDICEHT S L,
WERATTHS L72HER TS T ) BFET 5 2
EWGr B DA TEIEEEIZ D W TIITD 500 5
RWH, AUV THUE L72HIERA 2 S EEZE Y o
THEBIZALYE — BRI ) =7 A ¥ FAAFAET S
s, AL OKEIEL Ro T
LEICHEHT B L, WEM TG L 72#IEM T
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Fig. 4. Bathymetric map acquired with AUV Gondou (left) and S/V Takuyo (right). Illuminated from north at 45
degrees above horizon, Datum: WGS 84, Projection: UTM-54N. Black line indicates track line.
4. AUV [TAESH ] (L) ROHEM [$heE] (G CHUS L7z i,

[DER=ENE3 Aoyl e v >N

T —FRICHE S22 lIRIC R 2 %25, AUV THUS
L7205 5 13 H) S 7z & 9 % B2 8E8UFAE
TBIENGNE. TOX ) ITHERORENTH
i L72HIER 2 5 3 P2 L b Tw Y
FiTd, AUV TG L 720 i o & HE X T
R EEBRIGERICEAZEMZETHL Z L
TARTRA L BTz

42 2FVF4—Fzv7
TR ERAE D B HEAR 72 D FGIE

AUVDZ ) vy RFE—=F OEMETH () —=F"
EBIER) BT B KR O REHEAR 7 % MGE L
7. THEZ) v Fa v T RTIBRIC, BTN
JE 3. FoAE ~ H B D PG K D KGR AIE % T AT
L CHEE T HOKEHEZ RO D DI TH DS, %
BT ICHFG L2 OKGEMEOIE S0 & (12
WlRAE) ZHRLIETTF—FDOIF ) T4 —%
MGEST 5 b DTH 5. BHEREI/NS T, &
T HOKEBMEIFEER RO LN TN D LA
5.

Fig. 5 ICMGEDRE R Z R, KERAH O FEHE ffF 722
3% < OBArT 0.1l m LU (RGOS 12
FoTWEILND, KT HOKRMEITHEE

MR L WGS-84, #%#iEIZ UTM-54N Tdh 5. BT 2 R1.

Fig. 5. Standard deviation of depth for grid node. Black
line indicates track line.

5 AUV [TAE)H ] THEBELET—% D&M
BT B KEME O ER A X O#EP I Fig. 4
LR, BTN E R

BLRFoTWBEFZ2 5. F72Fig. 4 DX
L Fig. b 2P ChiA L, BT RELOFmE
DITEDFRATK & WG HT TIIAEHER DK & <
(03~1.0m) ZoTWVBEIENTDA.

AN & BRAT R 0 K B 72 O ML
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AUVD 7)) v K7 — % OARKE A O KR

ARBGEL 72, TR EM % V7234
THUITORTVEIZFT) T4 —F 27 THDY,
HWEY AT HIZa =)V - EvF - NFT g Y T%HD
WA TARFT 7y bDOLT—PHEIET DHEHEIC
AR E AR OKEEZLE LTENRLEDOL T —
HBAMAL T B Z & D5\, BARIGICIZ A & A
MTHZ) y FEREKLT, R L RAR)SELR
LU TH ) v FOKEEEZBGET S, 70 v
FORMEIX1Im & L7

Fig. 6 IZHGEDR R 2R, AERIITKEEIX
% OEHTTO0m (HkkfaoiBs) IEWEZ R
LTwa. e L THEORKROK X WY
i (Fig. 6 (c), (d)) \3KEENKREL D,
RONSWEET (Fig. 6 (a), () 13KGEEIVE
BWEHMA R 5N 5. Table 512 Fig. 6 D& KT
RO 72KEAEDOFIE & BEHER A% RS, AR O
& B Y HIEORRDOK E WBHT KR ZE OV fiE
HREL %D (Fig.6 (¢ KUY (d)), 0.10 ~0.16
m&ZZoTWwah, —%, BRONSWEFTIEK
TEEOHMIZ/NE L (Fig. 6 (a) KU (£),0.04
mTHb ERTHL &R E AR O KRS
DOFIMHEIZ 003 m &Y, FHI/hsnweEz
SNDHT END, <IF Y — A THNFER NG
VAT LI REBGNATARET 7y bOLTT—
XhewnwekEZohb.

IR DB LTI~V F ¥ — &SR
EEHENC AR TRERO K & 25 TIIKIROR
EARE D, ZHIFAUVICHR- 22 L Tid%k <,
PEROMWEMIZ L Z2METH AONZMHINTH
L. 1272 AUV IZHIED S OFEEE —EICHRE D

Table 5. Mean and standard deviation of depth
difference between the main scheme lines and
the crossline for Fig. 6 (a) to (f).

5. H6D#%M (a) ~ (f) OKIEED I & B £

Number in Fig. 6 mean (m) | standard deviation (m)

Fig. 6 (a) 0.04 0.16
Fig. 6 (b) -0.03 0.23
Fig. 6 (c) 0.16 0.40
Fig. 6 (d) 0.10 0.32
Fig. 6 (e) 20.05 0.27
Fig. 6 (f) 0.04 0.19

Total 0.03 0.26

L5720, BIROKEWEITIIE v FOZH)
MR E L %) AUV 2SI BREDO LS L %2 5.
ZD X9 REHTIE, WEHFS T AUV 23ME
TR WIREBIZHARTKIEOREDTE L T b1
REMED D 5.

5 ZE
ARETIIHEETT T 7 4 VEIIE RO AUV 57—
¥ OMBERIEICOWTESET 5.

51 ZJEIO7 74 ILEHIE

AUVOTF—%IiZiZE—2DL A b=V 7
WCUELZEERTT T 74 VEHIIER T R D5 72,
PRHN BRI O MR H O 22 ) B %2 i~ 72
LEIWTEHEETT T A NVHIE R T 728 L 0 1T
DRV TGEDHBENWIZE R > TV b
Th5 (Fig. 7). BEHNHREOWREMOBEEN %
HHLDIFTHS.

BRI T 7 A4 VHIEZ T DR WEHIZ OV T
X, HERTO 7 7 A VHIIEIZH SRR A E D%
TIKBUREE AR E AN K & < BT B i
TIREARD SEHMNCENT B720, 2OLIH %
RECTEY—24 (Fk) oIz EMICNL—2F
72041 ) b TH DA, AUV BSEARE %
1o 72K 800 ~900 m ¥ CTiEL & b & HHid
#1480 m/s & IFIT—EIC 4D, WHAIE & £
D EROZACITIEFE TN S (Fig. 8). €079
BRI 7 7 A VHIEZ T DR THRELPE
B o/l E2 b HHETTT 74 VHIIEE
170 729 B R R BRI T $<CHAR S
L AHEIZOWTIEAHTH Y, JHEE M
PEHDBETH 5.

5.2 fIEfHIE

O 1B O Al I S OIS B DR IE 2 AT o 72 &
L CHANMED S IFRAET 5. HMKHE O #IE Tl
WEMOT— 7 ZIEERELTAUVDOT—% %
THLLEDLITFTHEY, THEDUWEMDOT—F
WAE KA B DA D S HAEFET %, CARIS %
TR O 7 — 7 OIKFT7 1 ORAZHEAE A
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Fig. 6. Depth difference for grid node between main scheme line and crossline.
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High-resolution bathymetric survey acquired with autonomous underwater vehicle Gondou

Fig.7. Sounding overlap between track lines with
(upper) and without (lower) sound speed
correction.

7. AUV [ZALEH | THAE LT =2 ICE# T 0

7 7 A WHRIEZRAT o 72356 (LX) &47b %o
7254 (FR) OWREOELRD.
AT OB DNy F TR L7585 O PG A
LW TR E T WA, A5 1 O AR
ZRY. JEHE O PG TR S LT
nTwas.

¥ (Total Propagated Uncertainty) % £5ill7E 512
BWCEHET 2 EREROWEM [ OJ%E
VAT AOA, K10 m BEOALHENS Lk
L. HEHALE ORI E O T — 5 2 25
BRCOBREOSHENIVPEINDL I EITHE
T HMED D B, F 72 E Ol = A
?D7°— % Tlx7% < USBL (Ultra Short Base Line)
HRTHAS L2 T — % 2 VA58, Bz
I¥ IXSEA #1# (3 IXBLUE #1) @ GAPS Ti& %
O RSN T WL UINAEEE (D F ) AZER
) AV Ly YD02%] THaHI &R
HARE1000m TlE2m &%b. THELDNDNL
ERMETIETRVWbOO, ERIERHTE 2
USBL D7 — % 3 F 40 ICE T E TW B Z WM
1E%2179 ETOZMEE RS, EELOFEEHV
T H BRI T m AR DA S AL B
DRIECIIHFET AL ER 5.

AL E DR IS b K T7 R DA 2> S DAEAE

Fig. 8. Sound speed profile near the survey area on 27"
April 2014.
8. 201444 A 27 H (AUV @OFRAH) IZHUIS L7
A OF T T T 7 A V.

3 4. LB IE 121X MB-System @ mbnavadjust
V=NV MWD THEH, OV —)VTILH]
WO E BN, BEEENHE C &R OSSR AE
T2 X IPEE DS H TR CHERBE TH LS
SHIEZAT) 720, fRPEBMIC RO L% 2
T UIE DR B AR R LW REED D .
ZEMIEZ FETRE 2 HBTIT) 2L TE S
2, HEZOKERE, BB TT) Lo TKRE
CES7-MIEZT 52225, BHOMHEE
LCIEHIEZITI IZH 72D [ E oI E Hv T
BRIIEZ AT 5 722 ] [ m R FE OS2 & fli v C
MEMIEICHW 2] Hx %7 — 7 W OHEE
DOHIZHEIR T 5 Z E THEBMEZ RO Z L EE L
ERb.

AETIZAUV [TAE) | O VFE— A
EERIERS THUS L 7RI 7 — 2 o7 — 7 L
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AT & 72 0 WA [F09E] OAZILAREIE NS
FRLB OB I N2 AUV O % %17 L
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FOXDEHB L ETET. FEmEDLTHID
W2 x Y PRIIFFICERTHY, 5HBOTF—
TR T —F OBGEDZZIZSETHE £
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IRHIVEM, MR, MHl), MR, HR
—, KHHEUN, fEasAsk (2013) BAAINEK
AR [ZTALED | OFEH, SR

Ze#s, 51, 98-105.
£ F

i b DR T A G T 0> B A B T K G A
r (AUV) [ZTA LD ] 2w CTBRImMEREENT
EBIERAZ £ L 72, ARETIET— 7L
Fk, MLEMIEZE DT — 7 T N DR FIC
DOWTHIT S, AUV [ZTA LS ] THRAGLZ
M & WAL [3heE ] CTHUS L 72ig e
R L7228, AUV [ZTA LD ] 3= [#h
] PR Z B 2 EDTE RV R BEOMIE %
WZHZENTE FLAUVOF—=5 D7 F
V5 4 —F 2y 2% ODOFETEMLL. —>
ZEAE T R OKFEMEOEERERAZZWEET 2O T
b1, HEREIZOETTOImUTTH-
720 b ) —OIEIARME L IRAHR & DK Z MREES
5250THY, PAHPOKEEOFIHAIT 0.04
mThorz. INLIZFVTA—F v 7Ok
EPH AUV [TAED) | EARFECBNT T4
RWHETT = PP TETWLLEFERS.

_48_



