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Operation and observations of the Autonomous Ocean Vehicle (AOV)
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Abstract
Japan Coast Guard has been operating the Autonomous Ocean Vehicle (AOV) since 2016 in order to
precisely determine datum levels and observe meteorological and oceanographic conditions. In this paper,
we report the problems and improvements concerning long-term observation. Moreover, we review the
tide level data processing method related to determining datum level precisely and show recent examples

of meteorological and oceanographic observation.
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Fig. 1. Appearance of the AOV.
1. AOV 48l

AOV 3o EFENc X D &L, BINELSRO
BHE—F— A NVTRELZEDEHVS T
B, BEEZHWTICRHMBEEHATE 5. AOV IE
WIHIFErS 70— FEREKRPIZH LT T4 ¥ —
Hroy, 70—= 7745 —1ZESH 8 m
DT YEYINT—=TVTER LTS, 7I4
F— A LICE L&, FIA4 ¥ =Tk L7z
T4 Y TORISF L, BHEP TN TV 5,
D7D, T4 TR ErLRZT LK, VA
YZICHIMEDONEMA B L ERL, T4
F—ATICEI & &3S, T4 v ORI
T, BAVLEENE, T4 VTR FRLRTD
KL, 74 Y ZICREVEIMEoNE A 5.
COXHIZ, HOLETENE, ®WIZF5I4 ¥F—%
MESEL e LTERT 5.

AOV L EEDF XL —% =L OB O@BEREIFA
VYUY AEEMEIZE VIThb, BESCEHN T —
FDZEEA T —Fy PREETHY. 7,
AOV 1 GNSS (Global Navigation Satellite
System), Xf/KHEEEF, HBEAIIERAIZEE (AIS :

Table 1. Size, weight, average speed and equipment of
the AOV.
1. AOV Ok, Hiw, FYBEHE, HEEEL.

mmIo0—k 305cm X Blem X 23e¢m

T KbT 55— 213em X 142em X 2lem

EE #9170 kg

FERRENEE | #913kn

Ei 1 RMEB

amit Airmar# 3 PB200 SR WP
SER In-Situdt B WE. B
ADCP Teledyne#t 3 600kHz e -

RIshe BRE LORD# 8 ABES. AM
GNSSRIE M et T2 T
cTD Teledynedt 8 KE-ES
hi5 O e | R/ AoV

it Ak

GNSSE{EH findi=g ot ]
#REEH ed NE ]
AISL S —si— HEAE

TOMhbER LEDS A MaEtEE L
RSH— 7 &) 0
L—F—UTL 05— BEHE
AVSILTITS EiE
AV LESvh— BEHNE

- 127 -



Kohei INO, Shinji SUGIYAMA, Takahiro KON, Chikara TSUCHIYA, Rika NOZAWA, Hidemi OGAHARA,
Nobuyoshi YOSHI, Koichiro NAKAYAMA, Katsumi NAGAKURA, and Shinobu UCHIMURA

Automatic Identification System) L ¥ —/3¥—|Z X

0D, BRAKOALE LB HEE, JE PO KRB AR O i
TR EZ2E=—LTED, BT
HRNEBDIREE & b, TNOHDEHRL A~ 5 —
2y MO T A ENTES.

BE o PaA; - A (2017), #uk - Al (2018) 2
LM E LT, WKL AOV DRI H
DAHXTRZBAL, —HOBEICHERL T2,
F 72, 2019 4EEEIZE A L 72 AOV IZIEAUE & &
ZWETE AL ZHRL T 5.

1.3 fh#%BID Wave Glider & AL -HFFE R

Wave Glider 1%, il & leRTE I X N TR
WodfE L7z7— 7 2l T& 5. 72, Wi
5T, WAL ORG LG & R Ik LT
BWTEDL IhoO8MEEZEH,»L, Wave
Glider 1ZFk 4 2 BEANZIA K FIH SN D L9127k -
Tw. ZZT, Wave Glider % H 7z EIN# 0
WEFE DRI % I3 5.

Wave Glider 2353 % S L7491k, Wave Glider
DFATHEEFE I 20982050217 51 % (Hine
et al., 2009). % @ %1% Wave Glider IZ# 3% L 7=
ADCP (Acoustic Doppler Current Profiler) %
CTD (Conductivity Temperature Depth profiler)
e MW, WEEOWRRIKIR - W% Bills
AHWFZEIZH W SN TW A (Mullison et al., 2011 :
Daniel et al,, 2011). Zofh, FGLFEN R 4E
WHFET HEBEOBNZ@E U T, KEFHHRNDOF]
B RARS N Tw b (Frolov et al, 2011 ;
Pagnielo et al., 2019).

FAETOWEG L LT, MR K b
RFZBWT, M fHETHEO B35 TR & i
& o L C @8l L T v % (Mitarai and
McWilliams, 2016). & 7z, iff ¥ F 72 B %6 % 1
(JAMSTEC) Ti&, HERFHEMIETFEL O
EEFZEICE D, A X TR EEEEL L ) OIT
wEE KO HL (Ichihara et al., 2018) R, {)K
Wik B % 2 5 720 O GNSS- H 21N 3Bk
BIIZHW SN TW5 (linuma et al., 2019).

F72, GNSS 7 v 7 F L ZEHEZIY fHF,

MOREZENEREZHER T2 HHEAONT
W5, EEEEORMICIE, ek, BLEFTASR
SN DWINES, R 22 I 70 AR BE DKL i L i B
PV SN T E 72, Wave Glider 122115 % #ifi
ST ABIIRESEE LTI Tl h, Xay b
ZYRFOUAMTE, 1HHOXF AT 4 v
PPP (Precise Point Positioning) 2 X % i I i
DM AAT b7z (Morales et al., 2016). T 7z,
e Tix, BHEOXF AT 1 v 27 PPPIZLS
W E OBl AT 72 (Penna et al., 2018).
AT, KEOT T FVELIBEROBXZE
W D720 B 2 FHEZ T 272012,
KO EREEE )1 v % — & Wave Glider ® GPS
ZERICI Y, R VVIT 3 HIBEERIE ) & i
T B X 72 (Foster et al., 2020).

7272 L, Wave Glider & GNSS % flA & b7z
INOOWEE, FRAREE T CoBlille, <
D 2HAMBEOBIIICEON TV, ffEL
RO WHARLOW FIZB VT, AOV 2 Hw
7o BRI OB X 0, K% % R ROK T &2 5
352 8d, BERBMNIVPLETH 5.

—7, Wave Glider # I\ 7254 - 4 8BL01IZ
HRELHTITDI TS, HTO AOV Blllic s
WTH, KEETREND L) IZ—EDWRD B -
THY, S OMkE L 2SR BB REC &
5.

2 EHA
21 AE7OEZX

AOV IZ X ZEAtiE, Bk A, B, Bk
DB, WEE L 727 — & DN —H ORI & 7
5. RO A, B, HEOHPROFEMIZ OV
TIPS - Ml (2017), #A7Kk - il (2018) (ZRC#K
ENTVE0, ZZCTRMEZERTLICEE
D5,

e AL, WEMD L ISR % AR
A, BUHERASEIC T2 L= 12X 0 iThbh b,
Ju— & T T4 =AY FTREE LR
BCHAZmY LT, BKERICNY F2y )it
T ETHADE T L, AOV i HHM I BN i

- 128 -



Operation and observations of the Autonomous Ocean Vehicle (A0V)

B2

B F) 4 L7z AOV L, B EDH%E L
72495 km U5 OBIANERN T8 O F D a— A %
WAT L 23S 8l 2479 . BIlHIEA v o — % v
MEEH TR LG - RS s, Bl s

Jaln) - EGE, A, PR, W - ok, ki, MR
X 24 iR, AMBENLTYT VI A AT
[ RS (A QA

22 RHESBICH (T 5EE

AOVIZ 2016 4EFEICHT L A LR TH D,
ARSI L 2K, LMoL wHEESEOR L
WERBE T COMAICIZSZ K Wit T&E 72,
TZTIE, REIBINICEMLCoORETHS, &
TIAR EIEFAC & 2 FRA A © OBEFLIZ DWW T
AT 5. REIHEOMEAHIZE L T, AOV Ot
AN OEZERS IR B AL O] 70 & b HE & 72

D, ZNHNORIIEVAS - f (2017), FAK -
fta (2018) IZELERE N TV 5
221 HOAR

9, BAOARICEL T, Table 212, AOV®D

BHOEHA ZRT

AOV OFBEPITY —F =N ANVDOATH 5720
ER, MRICEDAEENPTELRVHD L &ED
RRERD., Tl V== A NV DHEEEFED
7%, ZoMoGF~O HEOME S, BIIMER

DIEH, BENICO LA ELSELEHE LS.

PEAT - At (2017) T, HEPRAWIATAE RO 72
DIz, ) a— YRGB THLENNAF 7 ¥
DBENFENTHD L, KB/ SR MITEAT L
THENEENE L2V EZRLTWAS, £
7z, VAT - Al (2017) TUE, 900 Wh @ 2N v T
) ——D Tk 2, 3HOERD KL LB NARIC
fas Z LR Sz ik - il (2018) Tl
2017 4FE DR TNy 7)) —% 2HEWRL, &N
HEZ1800WhiZL7z&Zh, 9 KM TREEIC
R LB IAEPE LTV RN EHE S
7z.

L2L, ZOHOBEIORTIIEIASILE 25
FHHIAH A L7z, AOV O I AT 900 Wh A i 12
Lol BNIAROARETEE, Ny T —
#3HLE LTENEEZ27I00Wh & LA TH-
Td, ZMNAHVZZBICIZENIARR L 2o 7.

Table 2. (a) Electric energy and (b) power generation and consumption of the AOV. Note that power consumption of

Ethernet and GNSS observation shows the values before the power reduction described later.
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Fig. 2. Power balance of AOV Hotaruika4 at west of the Oki Islands from October 1, 2018 to March 31, 2019. The
blue line shows electric energy (mWh, left vertical axis). The red line and gray line show power generation

and power consumption, respectively (mW, right vertical axis). The Arrows indicate point of battery exchange.
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Fig. 3. The reduction of power generation efficiency caused by a seaweed breeding. (a) The solar panel of
Hotaruika4 before launched to west of the Oki Islands on December 21, 2018. (b) The solar panel of
Hotaruika4 after recovered from west of the Oki Islands on January 25, 2019. (c) Power generation of

Hotaruika4 (mW, left vertical axis) and global solar radiation in Matsue (MJ/m? right vertical axis). The red
and green lines show power generation and global solar radiation, respectively. The global solar radiation data
was obtained from Japan Meteorological Agency's web site (https://www.data.jma.go.jp/gmd/risk/obsdl/

index.php).
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Fig. 4. The comparison of power consumption of the new and old GNSS receivers. (a) Time series of the SI port
power consumption of the Gurukun equipped with the new GNSS receiver. (b) Time series of the S1 port

power consumption of the Kibinagol equipped with the old GNSS receiver.
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Fig. 5. Power balance of (a) Kibinago3 and (b) Kibinago4 from January to February, 2020. The blue line shows
electric energy (mWh, left vertical axis). The red line and gray line show power generation and power
consumption, respectively (mW, right vertical axis).
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Fig. 9. Surface winds when passing the typhoon. The blue and orange lines show average wind velocity (m/s, left

vertical axis) observed by Nodoguro3 and Nodoguro4, respectively. The blue and orange dots show wind

direction (deg, right vertical axis) observed by Nodoguro3 and Nodoguro4, respectively. The black vertical
line indicates the time 21:00, when the typhoon center passed between Nodoguro3 and Nodoguro4.
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Fig. 10. (a) Northern and (b) eastern components of the ocean currents (knot) at west of the Oki Islands. (c) 25
hours running mean of the ocean currents (knot) at west of the Oki Islands.
B 10. BEBGFEEE T omNO (a) WG RT (b) WEHS (knot). (c) BRIEEEVE L O o 25 RefH R 8)
¥4 (knot).

Table 3. Harmonic constants of west of the Oki Islands. R r—— = T ]

2 3. BRSERE 5 VG 7 O FHAT E £

fre® : 36" 10° 45" N 132° 57" 58" E

EMSFHE : 2018/10/1 ~ 2018/11/1 (32 B #)

MPE: XKET 4.0n \
T EET T ] EHE_ 265
V (kn) x (deg) |V (kn) & (deg) |V (kn) x (deg)

M2 0.002 146. 4 0.018 254. 2 0.018 73.6

5 2 0.012 134. 5 0. 034 206. 6 0.034 24.9

K 2 0. 003 134. 5 0. 009 206. 6 0. 009 24.9 -

N2 0. 025 126.5 0. 027 218.7 0.027 34.1

K1 0. 020 193. 3 0. 078 256. 6 0.079 75.5

01 0.012 325.4 0. 036 54.3 0. 036 232.6

P1 0. 007 193.3 0. D26 256. 6 0. 026 75.5

Q1 0. 049 118 0. 025 89.5 0.028 273.6

M4 0. 003 266. 9 0. 001 118.1 0. 000 315.6

MS 4 0. 004 204.9 0. 000 283. 6 0.001 56. 1

fa % ::::2:;} ':;ia Fig. 11. Maximum flows at west of the OKki Islands. The

black and white arrows show residual and tidal
currents, respectively.
11. FRERESVE )7 O Rimdl. BRENIER, HE
EMZE@Ie % K5 5.

- 137 -



Kohei INO, Shinji SUGIYAMA, Takahiro KON, Chikara TSUCHIYA, Rika NOZAWA, Hidemi OGAHARA,
Nobuyoshi YOSHI, Koichiro NAKAYAMA, Katsumi NAGAKURA, and Shinobu UCHIMURA

a 20180601-20180702 [Ff- B L1 8 | dLAFE
15
1
'a;a" 0.5 z
IR L R AR fvwmw”“
“-“ 2018/6¢1 0:00 2018/6/6 0:00 2018/6/11 O 2018/6/16 (00 2018/6/26 0100 &(1/1 000 ¢
= -05
1
-1.5
b 20180601-20180702 (173 18 HAFHE
15
1
0S

i (knot)

0 L)‘I w Wu'hk
aer_a'bmﬂwm\i}@WmWMW%w 18/6/26 0 2018/7/1 0:00 ]
-0.5

-1

-15

M L T

Car 1 - ] 4 L L} L L P A9 L1 A3 1% 14 1% 1% AT A% A" 39 3L 33 37 34 3#% 3% 3T 20 av W 1 - 3

"r":: 713 712 P13 713 713 713 713 TiZ 717 713 713 TI2 717 Vi3 712 D13 Y13 713 713 713 713 712 713 T2 I 7L 712 Y1 LI Y12 912 Y13 ©
1.0 fTrrrennetrnnornnnnnnnnrnnrnnrrnnnnnrnrnronnnnonnrrenbnnLnnnnbLLLLnd

L]

Toq e _Av‘ S— ‘v‘w‘
-"\§

Fig. 12. (a) Northern and (b) eastern components of the ocean currents (knot) at east of the Oki Islands. (c) 25
hours running mean of the ocean currents (knot) at east of the Oki Islands.
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b

Fig. 14. Photographs taken with the equipped cameras. (a) A photograph taken with the camera made by Liquid

Robotics. (b), (¢), (d) Photographs taken with the camera made by Marine Works Japan. The red squares

show the rotated radar reflector.
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