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Probable causes for the most frequently occurring faults, and the solutions, for AUV Gondou surveys'
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INOSHIRO™? and Yasunori UMEDA **

Abstract

This report describes the probable causes of the most frequently occurring faults, and the solutions, for

the future of safe operation for the Autonomous Underwater Vehicle (AUV) surveys. The Japan Coast

Guard started operation of the AUV Gondou in April 2013, and have experienced various kinds of “faults”

during surveys, with abnormal situation for the status of vehicle documented.

1 EUCBHIC

i BRI E 2013 4R 4 A 2 & Wl = iR [ 4h
] BRI E LT HAELE KA RS (AUV
Autonomous Underwater Vehicle) @ & ] % B 4
L7z, AUV X s £ Tk, 62 Lo
70y g A SN e BRWUE L THAEZT)
WEMAERSE CH S (RH - B, 2013).

CHNETOEMMETRE R b7 T3 edho
723 OO fault 2354 LT A, fault & 1%
[AUV 2] & DB il L72BORT ¥ 7 F
V] THy, EAPRIZ AUV 2 5 580G L OV
FBAE I & 0 B RAE S Rl Y a > o
FIZFEREN S, T TEMRAETIC AUV 23
ik - B ET 5 fault S5 2 AEL TWBH DT,
Z N5 O fault DFEEFR L O IZD W TREHK
5.

2 fault DFELE
I FE TORATAUV 23R - 3% 1 L 72 fault
T 52>TdH%. (Tablel, 2)
(1) 774 % # % & (OAS : Obstacle Avoidance
Sonar) (ZP49 % fault
OAS E-Stop Timeout
(2) I v ¥ a YEERICET 2 fault
Mission Timeout
(3) WS DT NIZET 5 fault
Offline Distance High
(4) WHLEEEIZBT % fault
Low Altitude
(5) B—VIZHT % fault
Over Roll
LFZN 5O fault OFEM 2 HW 9 5. %= BE
IOV TIE UTC (e 7)) 2 HwTwa.
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Table 1. Brief descriptions of “fault” occurred during
AUV surveys.
1. AUV OEHLaiER Iz L7z fault Y A b,

THIVEDETET B

CASHEEI RARL REGS ©
LAUV@I;%WI:E%%%&&T&&

~ . AUV B RELE (RSRE—ZILE& ERF)L
OAS E-Stop Timeout | eeguysdia i s i 1< B CRAGS
EE TS (REBLORERMNET
T4ILET105).

HREFRERIZRDOSAILIZEELALY.

THILLDIER

OASIZEA¥ 574Uk

Sy avEmMIcEEYT 5740k

Mission Timeout

| N _ . . |AUVERIR D EEEHA R ESN-BRKRE
RO DDTNISBIT BT )Lk | Offline Distance High | ror s’ e Offine Dict) 0 SIIEE His 2.

AUV B EH R E SN RIEEE (Min
Altitude) DHIPRE T ES.

AUV O— LR ENE (774U DERE
[F+20FE LA LA EBZS.

BMEEICET 574U Low Altitude

O—JLIZBT %74k Over Roll

Table 2. The list of “fault” occurred during AUV

surveys.
% 2. AUV OEHFA IS L7 fault O FARDL.
£AA8 AUV KiE(m) | EE(m) TAILE

2013.7.24| CA/E52| 800~850 50
2013.7.25| CAE52| 800~850 50

Mission Timeout
Offline Distance High
Mission Timeout
Over Roll

Offline Distance High
Mission Timeout
Over Roll

OAS E-Stop Timeout
Mission Timeout
Offline Distance High
Over Roll

Over Roll

Mission Timeout
Offline Distance High

2013.7.26| SA/E52| 800~850 50

2013.8.15[ CA/E52] 500~560 100
2013.8.16] CA/E52| 580~700 100

2013.8.18| CAE52| 600~700 100
2013.9.11| SAES2| 260~580 50

2013.9.12| CAES52| 270~580 50 [Low Altitude
2013.9.13| CAES52| 290~580 50 |Low Altitude
2014.4.24| CAES1]| 880~920 50 [Over Roll
2014.4.25| CTAES1| 880~920 50 [Over Roll
2014.6.25| CA/ES1] 1120~1440] 70 [Low Altitude
Over Roll
2014.6.26| CA/E51] 1100~1440] 70 |Over Roll
2014.6.30] CA/E51]/1330~1450 50  [Low Altitude
2014.75 [ CAES52] 1300~1720] 70 [Low Altitude
2014.7.6 | CA/E52]1430~1740] 70 |Low Altitude

2.1 OAS E-Stop Timeout

OAS %% AUV @ Hi /7 10 m DL BEE W % # it
¥ 5 & AUV IZEEEIE (E-Stop) L, ZOiRfE
H310 5 Rk % & fault 25%824E3 5.

B, AUV SEEEIET 5 & 20 AUV & FEHE
WE CoMEE BAEOBEM 10 m), Mk
(BAEDREM 0 10 47) & D-list & WX % % E
i) A P TEHEHEINTEY, LEICSLTEET
HIENTES.

2.1.1 ZEAH)
201348 H 16 H® AUV IZ X 2 M AT B

Fault: OAS E-Stop Timeout(2:31:21)
|

w s
CICERG s

ve) - Orange

SRR
OAS estop (LiActi

Fig. 1. OAS range (blue circle) and “OAS e-stop”
feedback (orange circle) during the survey on
16™ August 2013. The left vertical axis is the
OAS range (m) and right vertical axis is “OAS e
-stop” feedback (0 : normal status, 1 : “OAS e
—stop” active). AUV kept to stop for 10 minutes
by the “OAS e-stop” (red ellipse with a broken
line). Green star shows the time when “OAS e-
stop timeout” occurred (2 : 31 : 21).

1. 20134F8 H 16 H® OAS OHUHE (FAL) & “OAS

e-stop” D7 4 — FNv 7 (FA). EOHEHIE
OAS O it (m), 4 ®fEdhix “OAS e-stop” ®
RE (0 @%, 1: B2k 2R7. Rk
@ M1 “OAS e-stop” A% 10 45+ I #k fi L 7 B 1],
FED 2 1E “OAS e-stop timeout” @ fault 23384 L
2R (2:31:21) RIS T 5.

WTEBEIEPS RIS E L2, FRI22:21 56 2
3L TEAE LA 10 7 BRkke L 72720 2 ¢
31 : 21 12 OAS E-Stop Timeout @ fault 2354 L
72 (Fig. 1).

2.1.2 FEAERE

8 H 16 H oML d#s 7%, AUVoOT s 7 7
ANWICREFENT WS OAS 7 — ¥ =R L 72
& A, OAS ORI FIZKEEY) 2 ME \2Hl LC
w7z (Fig. 1). FEBRICEEWHIERET 2561
OAS IZRLE S N B EEY & OAS & D DBk,
AUV BEEEPIZEIICONTIHRAIZHLS 5 5
977285, oL ZORHTIZZD L) ZEHH
BRonanwzenrs, Ihbi3REEYWZBRML T
WHDTIERLOASD I A X LEZbNA. 2
NSO A4 X1k OAS 205 O FiEEAT 45 ~ 50 m D
& 5~10m DTS HEL Tz, AUV 28
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Ul

FaEILT B0 AUV & EEY £ TOHBEoR
EE% 10m & LTWwa 7z, dEmcsAE Lz
5~10m ®d O0AS D / 4 X2 &k 1) AUV X BEEWY
AUV KRR T B EENLTL E W
OAS E-stop timeout @ fault 2354 L 7.

2.1.3 Xk

FT /A RAORNE LT, MoGFEEEICLS
TBN R ) A AR PA T A Y —ONfEIZHE ) BA
W /) A ADEZoiz720, BHOEBHMMED
BRIZRE 4 72 B2 %2 ON/OFF L, F72, A
FAY —DOHEREEZ T/ A XDFEE Z T~
57 A M&wFEE L7 (Table 3). 7 A b TIIK%E
100 m OWEIRICBWTPEE20m OMEHI< L9
AT L7z, Z 0RO 0AS Oitsk# Fig. 2 12K
3. OAS 7 2 b (Fig. 2 ®##EH), 4 F
AF¥x V) — (120kHz) 2BEFELTnw5 L E
(2, AUV ORI 40 m FRREOHBEICL S /4 X%
MHLTWZ b4 FAF Y Y F =R
WeEZ27 LALZOHKIKZEIL0 m D 5%
Bl AT, A D DOFEEE 100 m 2BV THEE 1.5
m/s TNV F U — A FBEE L O A FAF ¥
YIF—FMHLCHERTo T b (Fig. 2
DREMEN) 1I2BWTIE, OASAS/ 4 X &t §
HIENIEAEEN S0, 4 FZXAF ¥~
VF—DEEORKTH S LIEE I WERT
Holz. FATAY—ONEREZZEZTH /A
ADEWT B Ldeholzlcd, AFGAY—D
Mgz 2D AR /4 B EEE 3% 2124
o 7.

KIZOAS kU H—D ) 4 XL EZH5NBHEK
& LT OAS & > —DIRE)LHI /2 6 DK

Table 3. Parameters for noise test of OAS sensor.
%3 OAStVH—D /) 4 X5 A PHE

B %I (UTC) AUVIRE EREEWHS
Test1 | 1:52:51 ~ 1:57:51 1.5 m/s | RILFE—LEERIER (400kHz) FiE
Test 2 1:57:51 ~ 2:02:51 1.5 m/s _|[HARRFryYF—(120kHz) FiE
Test 3 | 2:02:51 ~ 2:07:51 15 m/s |USBLEEBIfILEE (17-30kHz) 15
Test 4 2:07:51 ~ 2:12:51 0.0 m/s
Test 5 2:12:51 ~ 2:15:51 1.0 m/s
Test 6 2:15:51 ~ 2:18:51 1.5m/s
Test 7 2:18:51 ~ 2:21:51 20 m/s
Test 8 2:21:51 ~ 2:24:51 25m/s
Test9 | 2:24:51 ~ 2:29:51 15 m/s |T$Ri¥ JADCPHI(E

OAST A b BAE

1:58:06~2:02:52
#40mAETAI1Z%<
. JARERH

[
fiE

HAFRF v F—(120kHz)

1520
1562
8508
L0

Fig. 2. OAS range (blue circle) during the survey on
17" August 2013. Red and green boxes show the
phase of the OAS test and phase of underwater
survey, respectively. Gray area shows the period
when the side scan sonar (120 kHz) was active.
OAS detected some noises at the distance of 40
m ahead of the AUV (black broken circle).

2. 20134E 8 A 17 H® OAS O WU (5 H4). 7

Feld OAS 7 & N Z 50 L 72 IRE ), ARl i i an
% FhE L 7R 2R 9. IR OB E A F
AF¥ ¥ v+ — (120 kHz) #%VESE) S 72K
WKL TWb, AUVOK A0 mETHIZ /) 4 X%
I L T2 55 % B O M TRT.

IV A ZXBRELTVEDTIE RV EER
7. TZTOAS U H—DRMHIZTL T N—%
LHERBZER L2, By —ofmicT—7
iRk ) KO EEZ L) Lz 4 XI3H
2oz,

RAEIIIZIE OAS & v 3 — FARICHTEDY S 5
EONBEIEE 2D, BEA—H — I X B - R
Pirbh, BBy —of#Ey 7 b o
77 =AY 2T OEF AT o7z T A RIS
Iz,

2.2 Mission timeout

AUV O HF L E TOfTRLRBL T
Uy h (Ivvar7sy) 3IRBOINL
(label) THER XN TWAE. 20T NWIZIEHd
R, R OSSR OER D32, KU
ZREE g MR 2EE SN TB Y, ORI
R NIZIRD T NOVAZFE L W EICHAT S
fault T 5.
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B, ZOHIBEEMIZI Yy Y a v 7T AEERD
HHY 7 b7 (CoMMI) (X b HEIMIZE
BHEhb.

2.2.1 FEHEH]

201348 H 16 H @ AUV IZ & M &ic B
W, IR AR 2 S R o il BRI R A3 17 25 42
BThaslh, AUV MK L ZHUEL TIEIT
ZRED R L, HIBREER %2 4 — ¥ — L T Mission
Timeout @ fault 23%4: L7z (Fig. 3).

Z D3, AUV ##i#1C USBL & B HIAL1C &
AUV EMIEDF 7y MEZRELZE S
%, HIE S NTALE OfE 3 720 Wi BERE DS IE O 72
7o, FE L TWCHIRRFHINICHEZ & T T&
3712 Mission Timeout ® fault 23564 L 7=,

222 FAJEK

OAS & ¥ #—A%Fi /7 10 m 2 & 50 m |2 Fi 5
RN T 5 L AUV ZEEY 2 T 5. 20K
MEMED MY EST T LT, HE S NI PR R

zzzzz

HIBREFRS 1793 4280

s
(1:47:27)

AR R

26588

- |
Fault: Mission Timeout (2:05:09)

2esem2
128727

Fig. 3. Track line of the AUV survey from 1 : 47 : 27
to 2 105 : 09 on 16™ August 2013 (red line) and
the planned survey line (black line). The length
of the survey line was 1,000 m and the cruising
speed was 1.5 m/s. The time limit of the survey
was 17min 42sec. Green star shows the position
where “Mission Timeout” occurred.

X3 201348 H16 H1:47:272>52:05:09®
AUV Ofiiile (R K OTEHm# G .
B 1,000 m, B 1.5 m/s, i #Ro
HIRRRERIIE 17 3 42 B CTH - 72, fko AHNIZ
“Mission timeout” D F&4E L 72351 % 7R 9.

PR O A %2 #% T C % 9712 Mission Timeout
O fault 2354 L7z, OAS & »H — 2k L 7-FE
EWNX, 2120EE, A RXICEALDTH- 7.

2.2.3 X

213k, OASt vy H—D77—=L72TD
T 2 AT\ B ] 8E1C X A BRI L7z,

Z D132, USBL HEMALIZ X % AUV {7 &
EDF 71y bEEHITE S S Mission Timeout
D fault IZDOWTE, I v ¥ary7 I ol
DOHIREE 2+ I F L, AUV 2508z #iE
HFIZIEA 72y MR ELEWEDOFEESLET
5.

2.3 Offline distance High
AUV 23l & St iz, AUV & JIl#E o 3 8 i
BEDSiE L7 8 2 5 54T 5 fault T 5.
AUV & lI#R O i K 1 B 1L Max Offline Dist
LT Nn, BIEEOREMII50m TH5.

231 FHEH

201348 H 16 H 2 : 58 IZ AUV 282 A H Ol
FRIC AR L 7212, AUV 25UI#R b & fii & 97 he bl
2D R LA SEEN TV o720 3012121
O OFEHEEEAY 151 m &2 ), 3EfE 150 m
X 0 B 72 72 % Offline distance High @ fault 2%
L7 (Fig. 4).

Z D13 A, AUV it #% 12 USBL (Ultra Short
Base Line) &ZHZIC X % AUV LiERIIED 4+ 7
ty MEZRBL72& T A, AUV OALEHEI
RO, Wik2 S OMmE TR R EME B2 L
7* 5 Offline distance High @ fault 2358 L 7.

2.3.2 FEAEKH

222 FFk, OAStYH¥—n/ 4 X2k AUV
AEEEATE Z & D, W H5RE CEENRZZ L8
R TH 5.

2.3.3 xPiR
213k OASt v —D T 7—L 727D
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Fault: Offline Distance High (3:12:25)
\\\
N\ OASIZ & & BB TE
b 7

150 m
= AR

150 m

(2:58:16)

RE ()

Fig. 4. Track line of the AUV survey from 2 : 58 : 16
to 3: 12 : 25 on 16™ August 2013 (red line) and
the planned survey line (black line). The length
of the survey line was 1,000 m and the cruising
speed was 1.5 m/s. Green broken lines show the
“Max Offline Distance” lines. Green star shows
the position where “Offline Distance High”
occurred.

4. 201348 H 16 H2:58:162*53:12:25 D
AUV Ot GR#E) K OETm#R R, W
M1 1,000 m T, #HEEIX 1.5 m/s, RROMBHMHIE
“Max Offline Distance” ® JHEE% 7R3, kDA EN
13 “Offline Distance High” ® 3¢k U 7235\ xF
5T 5.

T 2 AT\ BE Y L X A IR L7

Z D37, USBL HHEMALIC X A EHTIE D+
7+t v M ERERISE Z % Offline Distance High @
fault 12OV TId 2.2.3 [AlkE, AUV 23R % fiE b
WZWEF 712y PEEGELZVEOEREILETH
%.

2.4 Low Altitude

AUV OEE (0F ) AUV L0 HiEE) A3k
LD /NS ol EITHET S fault T
»HAH. AUV O K E 11X Min Altitude & L CTik
EEINTBY, WEOHREMIZ25m TH 5.

241 FEAB

2013 4£ 9 H 12 H® AUV IZ X 2 MR A D BS,
AT NS ) RS 2RI BT, R
#(6:27) 5 RMWHAM (6:29) £ TOIMH
JHIFIC AUV O R EEAYRE L 2 iR B 2 T 1|l %

400
450
4duy
W
500

550  DVLTAREARSYF LT TET

FEm

w T T AWOBEREN TR

———

BEm

AWVDEEIFFELT
RIESE: 25mETES

Fault: Low Altitude = (6:28:20)

AR

e DVLTEEERA Bt
AVIESSISRGEIT 5

,,,,,,

€., eadin -
o0 LY - AR AR AUVIXEIEEERALE

FHE)

Fig. 5. Vertical positions and attitudes of the AUV
during the survey from 6 : 25 : 00 to 6 : 30 :
00 on 12" September 2013. Black, light blue,
blue, pink, red, and green lines show the values
of depth, altitude, DVL range, pitch, roll, and
heading, respectively. Green star shows the time
when “Low Altitude” occurred (6 : 28 : 20).
X5 201349 H12H6:25:00% 5 6:30:00 D
AUV D EFET— & OWAHE (GREE - R, S
KE#t, DVL L > 2V M, ©y 7 pkfafy, o—
VR, NT A VTR . RO R ENE “Low
Altitude” DFEA L7 IE%] (6 28 1 20) %/RT.

225m & 72 0, 6: 2812 Low Altitude @ fault 2%
S 72 (Fig.h).

2.4.2 SRR

i U5 3 2 73 S 7 0 A Vi3 T UE AUV o [l B I
2 AUV O S0 X o TIER) ML A7 78 B2 0 52 2%
(DVL:Doppler Velocity Log) (2L 2R A T v
FUTNTERVEEDD ) FHENRIARE %
5. TDOLEAUVIIIBKEZIRZ 5720 KREEY
F % TUFHRE D < NS L 72R5 R, iRk
1230 & 38 ¥ C Low Altitude @ fault 2354 L 7=
bnstEzonb (Fig.5). Fig. 6124 A=Y K
ZRT. B 80 m DIREED AUV A%, 2/A R (K
SFERAE 10.3 m, FEEHHE 47 m, WML 45.6%) O
Yipi R 180 FE & §H % L 72K (Fig. 6 (a)) 12
ARG RMENCE &, DVL (&L~ Y @ ~ 110
m OLYI%hkF—N—LTCEKEIRZ LI LN
TEFWIKE K -7 (Fig. 6 (b)). AUV L
xRz B720MEEZ T (Ev 56 —45 )
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Fault: Low Altitude

oy
25m> 22.5m J’

Fig. 6. Schematic images of the AUV survey during
which “Low Altitude” occurred. Green line
shows a planned survey line and red broken
line shows a transit line. (a) At the end of
the survey line, AUV altitude was ~80 m. (b)
During the transit line, the DVL was not able
to detect the seafloor due to the maximum
detectable range (~ 110 m). (c) AUV started
to descend for detection of the seafloor by the
DVL. (d) Although the DVL detected the
seafloor, the altitude of the AUV was 22.5 m
which was smaller than “Min Altitude” value of
25 m. Then “Low Altitude” occurred.

6. AUV 2 X % # 4 A 12 “Low Altitude” 2356 4 L
Tl EDA A=V ARSI, RO
i oW E 2 EIURT. (a) WA HHRIE
WCAUVOEEIZ80 m Th - 7. (b) [,
DVL OEUSTREL ¥ V& B2 7272 DK T I 2
HIENTERL o7 (c) DVL M REK % 12
Z 572012 AUV 3z Baa L7z, (d) DVL
MR 2 P2 72 & & 1213 DVL O IZ 22.5 m
&% 5> THY, “Min Altitude” DBRFAE (25 m)
% Tl 5 CTwiz728 “Low Altitude” 23584 L 7.

Ik AR & 572 (Fig. 6 (¢)). €D DVLAS
WK 2P R 72E A, BEIZ AUV DMBIRICHED &
WXTBY)SHENN225m & o> Tw7 (Fig. 6
(d)) 7z%, Min Altitude ®FEAE 25 m LT & 7
) Low Altitude ® fault 23584 L 7.

2.4.3 X3

RO 20 SR 7 AR A S B WV T, 1]
HZ T B &) W E RN 5 2 L —FTH
525, WEEOTRICBWT, S bEEH % 8T
PRMETE S X912 AUV 2583 % 5% ] 5

BT 5, T2 AUV O HERE
%@ﬂﬁﬁ‘ﬁﬁ"@‘&)%.

2T

2.5 Over Roll

AUV @ 1 — VAEH3E € il L b C ik e g ] DL
WBET 5 &84T 5 fault THAH. AUV O T — )b
fili & HEBERE L D-list & FFIEN 5388 A T
BHINTBY, REISLTEHET LI LT
L. T7HNVMOREMIE20ELBR 50—
Vs 5 Bk CTdH 5.

251 FEHEH

20134E 8 H 16 H® AUV IZ X A &M Ic B
W, {BHANOF LR ORI T — VAT 20
FEDLEE 2D, 3:39121& —20 BELLEAS5 DL 1
kbt L ik gtz | 2 72729, Over Roll @ fault %%
A L7 (Fig. 7).

Z D%, 201446 7 26 H® AUV IZ X % it
BEICBWT, BEMro— IVl =20 DL,
ke iRy )« 10 */U\J: o P 3 T RN RS
2B T Over Roll @ fault 23%4: L 72 (Fig.
8).

25.2 Z8AE A
W fault 12 AUV ASEIENCF B3 A I8 L T
BY, FICFLEHBERIZEZIBEL TSI L

Mo, AUV 2597 EEFIIED) (EvFE2 K&
C EWFB), oOlEl o7zl 28 LzEIC AUV
DLEEPALE L Y, NT 7 ZADOHIENC K %
P 72455 Over Roll D fault 354 L7 E 2 5
N5, AUVICRIEDFENBE ATV L0, iF
il (FRE) A¥—FiZlk~gk (BA) AE—F
DN EDPLERONEESIDEND—D L E R
S, FEBRIEICY fault 252383 5B TH
brEZOHNS.

2.5.3 *FiR

ISExZ T =7%56, Y7o AUV IZER{LO
720, HTREWEDNEVEOREEZITTEY,
FERBERICBIT S0 — VOl £20 L E

_38_



Probable causes for the most frequently occurring faults, and the solutions, for AUV Gondou surveys

Rolf ()

| () ) sELL bRk
| )
2T VJ A

Brm | T

Fault: Over Roll (3:39:17)

ssssss

)

aaaaaa

FE
(3:40:58) 2 FEAA
(3:33:33)
wrm®

Fig. 7. AUV position during ascent from 3 : 33 : 33 to
3140 : 58 on 16™ August 2013. The position
where the roll value was over =20 degrees is
colored with red. The position where the roll
value was over =20 degrees for more than 5
sec is outlined with blue broken line. Green star
shows the position where “Over Roll” occurred.
Time series of roll values during ascent is shown
in upper box.

X7 201348 H 16 H3:33:332*53:40:58®

AUV 7 ERE oML (R, v — L fE£20 FELL
Eo AUV Ofiti (R#E), v — Uil =20 FELL L
TSR Lk L7885 (F). ko BENE
“Over Roll” ® %4 L 7255 Fr IR IR 5. R#RIC
AUV OO — Wi % <5,

DR S A 10 B TH B Z &5, Over
Roll @ fault ® &% el % & — )V AH © £20 FEDL I,
AL RE ] 0 20 DL TR L7z & 2 A, Y fault
ERAELRLS BT

T 72U B U B AUV OEIE 7 B8 % D
72O AUVINDNT v A = 4 MNEDORE % 3
BTHrZLEbEREEZONS.

@ B
AUV &0 ERICL7-0, WM [l %
HLE B VK BEMI A = DB BRI IZ R BT I 2
DE LA F72, BIELWEZ AERICE 2B
ERTHWZ LI LT, EAEHRE ISR L T
E AV DS

AL
8 _”rf
g, d ?
homi s Ul
f
545:00 6:50.00 6:55.00 70000 | 7.05:00
B 7l (uTC) 5:;'J:

3
sasko 64000

\

1

Y

\

\
\
\

)

i
(7:02:13)

F LFn
(6:34:47)

1264045 1264046 1264047 1264048 1264049
L 4¢9)

Fig. 8. AUV position during ascent from 6:34:47to 7 :
02 : 13 on 16™ August 2014. The position where
the roll value was more than +20 degrees is
colored with red. The position where the roll
value was over *20 degrees for more than
5 seconds is outlined with blue broken line.
Green star shows the position where “Over
Roll” occurred. Time series of roll values during
ascent is shown in upper box.

X8 201446 H26 H6:34:47257:02:13®

AUV 7 LR Ofeds (R, v — L E£20 FELL
Eo AUV Ot (R#E), v — ) Uil =20 FELL L
T10 LA ke (M) . &k 2 ENX “Over
Roll” dFgA: L7z 2 7R¢. LEfIZIE, AUV O
0 — VEDRERY %278

X
SRHTEA - SR - M) - BB - s
— - KiABA - fEEEAR (2013) HHEASEK
AR [ZAL D | oM, WS BERTE
JeHd, 51, 98-105.

2 F
SETOAUV [TAED | OFAETHEAEL:
B4 7 fault DJEH RO 2R L2, 57O
WA DL AT e BT IO 2 2
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