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Abstract
Japan Coast Guard has started observation using Autonomous Ocean Vehicles (AOV) in 2016. The AOV is

an autonomous unmanned ocean platform that individually delivers real-time oceanographic data to land

stations for up to a year with no fuel. However, as the AOV has not yet widely been used in Japan, we

needed to solve many essential matters to achieve proper operations. In this paper, we overview our AOV

and focus on the countermeasures against three potential troubles such as marine biofouling, collision

accident, and position loss. Furthermore, we describe the result of ocean current observation by the AOV
equipped with an Acoustic Doppler Current Profiler (ADCP) and show validity of the AOV observation.
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Photo 1. BEAI#EBINETE (AOV).
B 1. Autonomous Ocean Vehicle (AQOV).

ezl L3, XDEOBERENEST S 72
DI, HAREEBINEE (AOV @ Autonomous
Ocean Vehicle) (Photo 1) % 2016 4F B & 1) A4
BATHI L E oz SRR, VEH AU (55
£, N\, X LR AT OB ) %
=y MIERZRHBL7.

AOV %, MEEZH VT 1EMD EoRIICH
72 o THEN T BHAY I B A3 0] HE 7 e BT
B Th b, &, ZTOFHPMRMIZLER S
NTETHBY (Tometal, 2011), FRF— 7%
Loy FEhE X TWw b (Tracy and Cara,
2014). i LRETAE L Tw b AOV OEE,
VEETIE, EMENCHT TP LT & 725G A
KO RIZOWTRI®KT 5.
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Fig. 1. An appearance of the AOV and the some devices
mounted on the AOV.

1. AOV #HEi & s ibk .

Table 1. An outline of the AOV and the some devices
mounted on the AOV.
= 1. AOV BRZE & 5k pkas.

O—kT 305cm X Blom X Fiom
g 1 *1
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Lr—F —\ LT —
A LT TF
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Fhean

YEYANT=TNVENLT, KhTI4 5=
Lz2%. Khr7I4 57—, WEHPEATLLE
78— MIFEFSNTEAL, WHRPTHET S
LEICHETTRY S, Khr 45 =2 EAT
L&, KB TFIA4T—IHETEY 4 Y 7T
WM&, KFTZIA =B TRTH L E RICHL.
THICEY, va TN B KDL E
WS 2 2 L ThifET %5 (Fig. 2).
ZoMOWEEL LT, dKRHEER, BB
B %6 & (AIS : Automatic Identification System),
AV LBEETLET VT TR 77— I,
ety (R RF—) Lt (75 —) OREE S
bELDATT—=DKE T T4 F—IZENTNEE
WEINTWD, FHIN TV EEE~OEIM
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Fig. 2. The operation principles of the AOV.
2. AOV O &y FHE.
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T BHRREICOWTIE, 4V Y AR EFIH
L7ZRGEEIC L D7) . BEREICWE AR —
=i, A=Ay PLOBEH YT I TH A
WGMS (Wave Glider Management System) %
W, AOVIZx 3 2k~ B ERTRETH B
(Fig. 3). WGMS T, 8l 75— ¥ O=ZF 0130,
WX T AOV OILE Z RS 5 Z &S HETH
D, 78— MNEOMA %3 V¥ 2—F —HUL
ENTWERY 7 ZANHMOIREE (£ - i) <
ZHE U —DOBE L Vo RN EE O R E T
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Fig. 3. Image of the AOV monitoring system.
3. AOV EEtRMAMI A X — .

BEHTES. 3610, BEICERESENEAE LY
HIZE, HOPLOBEFKLIA—LVT FLAIZT
FT—brDA=NVEELERD DY, EHROEY
HENEFTEFEL TV 5.

3 BBICHTBEERFIR

AOVIZ X B ERAICIE, R i, B¢ ATESK,
WESE D —HEDVEETNRDAAAET 575, ALE
5 - NIRRT 2O R E 312X ) Bz
A7z, ZZTR—PlERTILLETS.

31 M

AOV #AHIIZ, HBOMEE*F =y 7Y A b
IZih > TAT9 . WIiFi @ 2 L T AOV 2k 72
BEA ML, HAROMIIRE BEFONESE)
ZRLERT 5. B TIE, AOV IZREE/ NN Y FiZE -
T7u—heKB T IA4 =0 —fkEhoTnb
(Photo 2) 728, ZOREMIRNELERT L. &
5\ AR T OBGRET O p kT ORI A FE T H
HILEMETL. DEoEEODL, BAMEE
2B 5.

32 BAEE

AOV AR % i FAFARAMCIR YD 9. Z o,
AOV i oINILDFERLEHL, -7y 7%
HAWTNT Y 2% LD A5, AOV | 2 % H
A5 45° ~ 60° IS B & ) IR~ EK S

Photo 2. Launching the AOV.
HHE 2. AREEBINEE (AOV) &ALEE.
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F5. AOVOEKERFEC, hRoBFIFa—
TEREEL, Zotk, MEZEEXVRATICEENY Rz
HEd. 7a— b SHKB T T AT =R
DRETIC X ZHEAET) TRM D SHEN 2 O % R
L, BEBORNIED R ZHET. AOV 23R 5 B,
TRE LR A ¥ MCHEARIGD 25, YIEES L7z [E
NV NERINT 5.

3.3 [EE%

CZTIE, BT A2 L2 e L7
—BlZoR$. 9, BULHTIC AOV & 013 Mk
2D (BBXE5m) IIRET L. O,
AOV % IR AR 20° ~ 30° 2 5 i % 2T 5
I a—A&xEEL, ERIEELLZ0F
FHAET L IO CHEEL, BT I T, 7%
FarbloL., Tk AOVIZETZ L,
AOV#HEPSRIHO T4 2 ) ) — X EH 5.
EHO 7T A 12iZa =720 Tnwbizd, Th
7w 7ETH SN T, UG E TR ¢
5. AOV 2 M Tl &HFELSH, 7u— M
Hflcu—7S%2L 5. Zotk, 4 FOY 7 MK
AV MEY 4 v F 7y 75T 72R=LT
Glo#hy, BE RIFHENCAL. ZLTC, 7T¥T
F23H B3 HRMA ST e— &
Fl& EF5. 7Ju— 12 5REFETHE LT/
EZAT, 7u—It256M8m FIZHBKHP T
TAY—%5|& LFTH720, TYEYVANTr—T

WZIEIUHB R 22559 % (Photo 3). €L C,

Photo 3. Recovery device for the AOV.
G 3. HPUHGE

K7 o4 5—2LImEETIE LS. 20
%, 7u—1r%&LEF5 DEoXHiz, BAME
AT, FIUESE G RIS A S NS D
Z, KEFIZHEKF T T F—DHEOBE 05
HWEN 2B THICH ST 2720, Kkhr T4
F—%5& FIFAZ L IIBEEOML X&), Z
D7, V% FERS 5 A0 R EBUE & PR )S
EHEELA.

4 REIO|ANBFHAICH T 2B

2016 AFEED S AOV 2 AMEBE AT HI2H 72D,
IhECHEMRBREZMEIERTE 2. ZOHT,
N CRUEEENT 5 12H 2o Tk, FICUT
D3 ODOHEIPFEL Y Tk o 7.
O HHERONE L DEHANRY 7 DT
@ L ToOmEDO LR
@ AHREFAROER RO LR

DTFicZzh 2 olEICN L CORME RS,

41 BEFEEYMHBEBLEICOVT

— I, WETOH - R oM B <l
FAEMPE L, WEDOFEKRIZR 21300 Tk
, REOKBLEIOERTZIIERIFI &8
M & 725 CTw5b (Davis et al.,, 1997; Chavez et
al., 2000; /N Ak - A, 2004). AOV 2B L T i
2014 4EHAL I C O 4 H H O8I % it L
7B, V=T = A NV—HIHEEPMEEL, B

=~ HEA A L7z (Photo4 (a), 4 (b)).
ZD7:0, WENPTEY, BIEASEBICHSE &)

NS TNAFEA U ML, KR OB 5
WHE 70— FEBORICE - T2, BIHESE
D =R — T — RN DI EE M

B E MR
ol
— AR, BEERHDEEZ W22y a— vk
BivG RS IA < ERME ST &7z, YY) a—-rvFk
Bidehx, Y uxd e ((0Si0-) #D
BELUHALEL, TUVFLVELEZTY —VETER
L7cHBERILEWORERTH LY ) a— T
LETFHIELTWS., COBRKOERFEA =

WHBEEH 2 5720, WL LT
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Photo 4. (a) Solar panel of the AOV covered with
seaweed. (b) Shellfish on ADCP.
B 4. (a)AOVD Y — 5 — SR WVIZJEAS - 721, (b)
ADCP I2f¥75 L 7- H#H.

ALE, UTFOXHICEZSNTYS (k- I,
2003).

D) BEREHBHZAVE = 2 a—vidkR
A ELREDYREE R U R0, AWt
ST BEER T OB EZIHD 5.

2) TR EEORBEREOERIZL - T,
fF75 LT 2 AW ASElL L 3w

3) FHFHE : WO REY O & 5 MY
B, HELTOKRIEREDIIICE DEEL
I,

4) FEEEM DT + FMmFEEH & W1EN 2 il
R AER TR GEFEEH) 2R L, AW
LN LI CHR LT W 2159 5.

COXIHI, V) a—REERHIAE LR
SRR KA TG R G5 720, R
BEANOEMD R, BUE, WET 7 ¥ M RREE
DOKERETEAMEEINTVS, 72, 2OV
I—CREHBETH L (bR PESEREO KA
BRI AEREIEA [34 427 1) 2] 122w T
&, BRSBTS AT REEEIC O W T
BB EE SN TV D, ZOMEE, REBE S
5500 Hi%, > a—rREiGEREEZEA LT
L— 2%, Bl 7B oh TR HEWID %
C (BB 25 %), BNPimGaiREnRL,
FEBUMNIR SO ENTHL I LPRENT NS
(FEA - {1, 2009).

(N4 A7) ] 0E, HE VRO B WEFTT
LZORNERAET 200HEMTH Y, SO
WZEHRETHAH. LaeL, KB/ SR [N
AF7) ] 2HRELZAIINETRY. £2
T, A F 27 v Eco & ®EELBOKEL
ANVOFERIIOWTHELFER L 72, i d B
LCWWIRE, EHOT7 7V, N4+ 7Y
YEco BB LT 7V NVROZENENDTIZ
AR L 72 KB e S v O AT B 72 ) o FE =
ZEHL72. S Z2EHTE L L), THNIC
T, A 1 RRIEET LAz RSB, EAICEEE
5258 NETPRSN: 0 >7- (Table 2).
72, WRIREX GO EAREEE IS, BYTo
NAF 7Y ¥ Eco & ELHiHEREOBHRIED
HBGRBRZ1T - 7. AR, PGy —n (%
REEHEET) dHWAZ A MTL— M,
AOVDOKH T I5A4 ¥ —DEMTHILAT VLA
WHRET7a— bOEMTHLEBEER) ZF L~

Table 2. The comparison of quantity of power
generation.
2. BEEOLIE

SRR HEER(W)

I B 59.953
F 2Lk 55.342
T IR

+ 55.662
IAF 5
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W (BHIR) (2o K& SH#E 10 cm x A% 10
cm) 2, N4 F 271 Y EcoldT7 L A% LK
BBRDICKD®BA LER L. T2, BiHEE%
B L BWAT ¥ L AR OB IR 2 Fos i & L
THwW7z (Table 3). fE L7227 L— b2 AT ¥
L 2B ORI EE L, WSRO IKERK 2
m AR L7z, iBRIE 2016 459 HO H 2 S BA4A L,
20 H%, 50 HRICHBEYWOES VW2 BIET 572
DIz & B, TOrkTF2iERL 7.

BELZLOTL— b (XH, plate 3,6) T,
20 HRIZIE T CIHEDS R S, 50 HRIZIE,
KEORHEWS A SN, 7L — b LD
WD, BitEY — Vv EEA L7727 L — b
(plate 2,5) THOMNzDS, TORIIBELL S
L—btX04%d-7 (Photo5).

INAF 7)) v Eco A L7z 7L —1 (plate 1,
4,7,8,9) T, AERBIGA S 20 HETHR T L —
MZHARTHEWIZEND 2 <, 50 HETIE,
AW ORIIEZ IR o720 $72,20 HIZTIE,
FIEBHED LD DZT7 L AEEDIT) AL Y B
R H B L) IRz ZofRIE, ¥
) a— Y RUEBRHOBKEEZTYEICL Y, AW
HEELIZK K%Y, BHGICHN L T—EDRRD
H5HZERRT. — T, plate ] DEEIHH
NTLE o7 @E, (N F27) V] Z8RE
MU DRE A GRHFEMANBETE B L) ITEMICT
WEVELT2ODT T4 v —2 BT LD, Thz
T L e 2o 727280, BEOMFENELHHINT
LEoktEzONS. 7 VAR CTHRELZSE
T 2561 TIA4AX—DPRLETHD I L0
Bahiz, 72, BRIZOWTIE, 7L AR

Table 3. Test plates with antifouling paints in the

present.

#3 KRERTHHLALTAMTL—F.

Plate No. in Photo, Products Basis Muathod
1 CMP Bioclean Eco  Stainless steel  Airless coating
2 Seal Stainless steel
3 Maithing Stainless steal
4 CMP Blodlean Eco  LDPE Airless coating
5 Seal LOPE
] Mothing LDPE
T CMP Bioclean Eco  Stainless steal  Brush coating
B CMP Bioclean Eco  LDPE Brush coating
8 CMP Bioclean Eco  Stainless steal  Brush coating

(a)

(b)

(C) :

Photo 5. Results of antifouling tests. See Table 3 for
antifouling paints used.
(a) before test, (b) after 20 days, (c) after 50
days.
BE 5 PGB ORI AR O R. B4 L%
FHZDOWTiZ, Table3 2O L.
(a) FBmi, (b) 20 H#%, (o) 50 H#.
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FRURIBEY & BIBRPE N2 &6, N
A A 27V ¥ Eco 3 IRIH L TRBHEDOMH X
Wwekwn) ZEdbhroi.

DL, &FEMANOGREDFEGRERPS S ¥
V) a— YRGB HORMBRIIRYTH - 12720,
AOVIZIZINA F 7Y Y Eco lZX B8z L 72
IRT, BllzfroTwa.

42 BLERFHHICEITT

e N CRINTHEEBIN S 2 #8852 g A §
LIlHTzo T, ZTOHIBOMME & O 2% [H]
WY AR AT LEN DS, AOV T, JHH
DD SHBEZEHD S 720D LED J 1 b,
L—F =07V 75 —RELZENRBEINTNY
. ZHICIAT, AOVIZiX, HEAMICE & 28
sz Ll AISHHEINTVS & W) FEH
MRdhbH. AOVIX, HMHSHE SN TWDS AIS
THIRZHUT L, ZONMHY» S LI & E%Ld 5
WHREVEASES F o 728 A%, HAIC AT E) %
ELREEMIZ TV D, EOWRER RN D 5720,
2016 4F 4 HICHIBLE © AIS H By B fE O 7 A
b AL 7z FEMESEI, BT AoV Ikt
L CHEMDPERT L3 - R A A
AOVD L BEBCOWVWTOMRTH 5. L,
Il JBE R L IR & AOV &I EAT T A3 L
TW7z25 AOV M HIEA O AIS §# % 2153 5
&, AOV2SHEBI TR L, HZEICIEESL Lo
7z. (Fig.4 (a) ,4 (b)). ZTDXHIZ, iAo
LI—AZAST2YE, TOa—Anb0nHEL
WEVF B D5 IANC IR B 2 LA D, ATS $5HRAN
MR T2 REMEVPENTH S Z & ZMERL
7z.

4.3 MIRMOMEREEEDHER

LRV AT B AOV 2L, HEVREIARR: % H)
32 ER/MOED, ERBEICAEEIE LG
HTH, ML LTI EEROZEZEZTRET S
MAVRHDY AT (AVYTA - bTyH—)
L7

AV bTyhH—DEDLZ ERHEEIZ

(a)

/_-" | III 200m e—

/ f | ERTEIE

|
I| 200m +—s

; B8 T8

Fig. 4. An example of the avoidance action of the AOV.
The action is automatically carried out
depending on AIS information viewed on the
WGMS web site. Ship mark indicates position
of the surveying vessel and star mark indicates
position of the AOV. Red line indicates
direction of the surveying vessel and blue line
indicates direction of the AOV. (a) Before
action. (b) After action.

4. WGMS (Wave Glider Management System) I
TH72AISTEHRIZ X 5 AOV H#ATEI OB, AR
Ml ofE %, £ % AOV O iE % /R
TR OMETTH, Fikid AOV OHETH
MERS. (a) BEETER. (b) HHEEATH)E.

_,_4-——%{5";

13:37

e
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A ENT VWD, 20720, BIHIBZERICR
HAERRKIZE 2ETIRFEICHEI S L7
BEh, MEERESRE LTSI LN TES. &
DEH2 ROV ETFMICER S AT L2675
LT, LVREPOMELZBINIENL LE X
TW5.

5 EFR&ER

LSRN SEALIZAOVO TR MY A4 T (4
E2m, 7YEY AN —T)0V55m) % 2016 4
7 AR S & RS O THAE LTI L
7eAE RO —# %R ¥ (Fig. 5). Fig. 5 ® FEg,
RN RER, HERC KR T & o MR E O W
THbH., MEROTEICIE, KESm BT
% 2@ H (Bin002) & K% 21 mIZx)E3 5 10
J@H (Bin010) 2B 57— & M L ima R L
Twb, THI4H2KEZAS (MO JXVTI14
R & A) 12, KR HKE 30 m (22007 C,
1kn (805 m/s) LEDEBWIRNAAR S NI,
COLEORIMNIN 160 EEHEREXTHo7z. &

2016/7/14 08:30
25.9095° N
130.1003° E

Ohr

Current speed

CHH, KESmMmIZEHT L E, HMOREIIY
BT SN, & 512, Percent Good (i
ST — S DT VH T NVOHTOET— 5 DE
%R L, ADCP D7 — % OB OBEEHT 5.
100 %ISEWVIFERELT—5 L%k %.) OED
KL ZoTws., 2, A7u by 17T,
KT IGA T =K 5mBICHFET LD, £
OWEEW A 5 DIENC X BT WDz ) £ X
AoTWBEEZLNL. KRBT ITA4F—I12EWK
PSBCET L 72 B2 Percent Good 28K %2 5 2 &A%
Jerry etal. (2010) X D HEESINTWED, Z
DMDEHD L RIS HROBRETH L. —7,
KiES5m X ) b TR T, Percent Good DA
FEALEDIFHMTI %A BIZTVWDHI END,
T BRABEIMEONTWE EEZ L. Kb T
FTAY—DEET BB FTRTIRT— ¥ 2 B
ThhbZ LiE, ¥ L7 ADCP & AOV ® ADCP
ORELXBEOKRELPODIHLNLII L > TV
(Jerry et al., 2010).

2016 4F 7 A 14 H @ i # A k5 A 3k @ AVISO

2016/7/15 08:00
26.0389° N
130.0380° E

ulg

—~[C . 1 100
Zw o) 270
583 "1 90

—Bin 002 : 5Sm[&

—Bin010:21m=E

Fig. 5. ADCP data and values of Percent Good (July 14, 2016). Current speed distribution (top). Percent Good and
current direction profile of Bin002 and Bin010 (bottom).

5. ADCP ¥— % & Percent Good i (201647 H 14 H).

Good R OGN 71 7 7 £ v

(k) W#ESFR. (F) Bin002 & Bin010 @ Percent
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(Archiving, Validation and Interpretation of
Satellite Oceanographic data) 12 & Y E X 72
Wit 7 — % (AVISO, 2016) % Fig. 6 {2/~
24° N, 128° EffLz i & 3 55 ) O T
HBHBERKMABEARLND, KFIZHFWNYEHIT

AOV O EZERLTWAS., I, BEAKIEILE
BICHIB L TWA, ZOMBEOMETIZRER X &

TSN TS, AOVTEIMIL72 1 kn LLEDF
mMEOHNE LRI LTWAZD, AOV IXEE

Kz E2ON5.
125° E 130" E 135° E
2 il R E
B
:}.__.'...' :
= E X

Fig. 6. Geostrophic current produced by AVISO (July
14, 2016). The larger the size of the arrow
indicates that the flow velocity is faster. Cross
mark indicates observation point of the AOV.

6. AVISO Hufffi (2016 4F7 H 14 H). KFDOKE

EHRKEVIT) VT ESENZ EERT. xH]
i3 AOV OFIMAR A » b2 IRT.

6 HbHVIC

i R ClE, AOV OB 2150 5 F TS,
B il ATEE IR 2 M L 72, 2016 4E B A & A%
EH 2B L2 AOV X, MFTHOTEALR
Wir L e b7, Fix ORITHRER VB L 2h
LB ERo TS, FEE, IR AR, &
JEANDOXFIRR, K ATMEORMISHRELS E 24
SRV EAORIBAE Lz FFIC, BIOM
ML, A 900 Wh Tl 2, 3 HOZKRDNHeL
EEINRICH->TLEY. 2020, RHICE

JI%5 8 % 900 Wh ML B ICH R 3 % Aidh 5725
9. G, AOV Z RIS, #EEMIERL, &
KBOEREZFT T L 720121%, B oK
HOMEIRDO SN L L BIZ, KT — 5 DF
FERGE, HUHD K 5% L858 - RS LEL &
5.

4tk AOV MBI EH B L T { 7212,
AKEEHETDZ L ZHEATVS.

AOV Oz A - MUK O BERERRER 1L, 5 L AR%
JTIPETE RGO W EAR (I CTEBSETW
72EFE L7 FEHBOEMKICIE AOV O
M TRV REEFT L2 LIl
P

%7z, U BRI RS GBI AR O 11 )8
PR, EARTERIC S Kt ) &\ 7272
EF L ZCUEHoOBEERLET.

X &

Chavez, F. P, D. Wright, R. Herlien, M. Kelley, F.
Shane, and P. G. Strutton (2000) A device for
protecting moored spectroradiometer from
biofouling, J. Atmos. Oceanic Technol,, 17, 215
-219.

AVISO (2016) SSALTO/DUACS User Handbook :
MSLA and (M) ADT Near-Real Time and
Delayed Time Products, CLS-DOS-NT-06-
034-Issue 5.0.

Davis, R. E, C. C. Moore, J. R. V. Zaneveld, and ]J.
M. Napp (1997) Reducing the effects of
fouling on chlorophyll estimates derived from
long-term deployments of optical instruments,
J. Geophys. Res., 102, 5851-5855.

PR — - P - BRI — (2007) HEFEEEN
e~ OAEMN AR ILEORE ~2 ) a—>
S B %5 B OF o B % 3 R B ~, JAMSTEC
Rep. Res. Dev,, 9 (3).

Mullison, J., D. Symondsm, and N. Trenaman
(2010) ADCP Data Collected from a Liquid

_82_



Issei NISHIMURA et al.

Robotics Wave Glider®, In: Proc IEEE
OCEANS 2010.

TR - GEER (2003) B e AR M TG 4R B 1 okt
DEZE, WEOMYE, 141, 54-59.

NIRRT - BRI - GREERGE - HREORES - b
WYY 7 - PUEEAS AT - Py i - K BF A (2004)
Tua774)ryr77u—rHCID & —
DRYIGRE FEER, R AR £ > 5 — R
frgesis, 49, 121-129.

Daniel, T., J. Manley, N. Trenaman (2011) The
Wave Glider: enabling a new approach to
persistent ocean observation and research,
Ocean Dynamics, October 2011, 61 (10),
1509-1520.

Tracy A. V. and C. Wilson (2014) A Comparison of
the Pac-X Trans-Pacific Wave Glider Data and
Satellite Data (MODIS, Aquarius, TRMM and
VIIRS), PLoS ONE 9 (3): €92280.

2 F
g EORZTT I 2016 AERE X D, EH A R
#iE (AOV) OFRKER D72 AOV Id A
TRV 7 Vs 4 55— 5 BUASH W RE 72 H AT
WHETITY N7+ —LThh LHMPLENS, H
KCTOMHERIIAV R, REDBL V. AFTIE,
AOV DR ZEE 2 /8 L 2255, AOV BN IS
% 2 o DR O, @i 1 Tof%
ONMBEEHROTEI L) 3 DDOHEITHTT % a0
kX%, 51T, EBEOBMT—sHIE LT,
T RBRIR I BT 2B E 0% g i & (ADCP)

DFREREH O TRHEKT 5.

_83_



