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Seagrass boundaries have been mapped with conventional aerial photography. Remote sensing further tries to determine the species
composition, which are, however, difficult to apply to the species that live deep region down to depths of 10 meters. We developed the new
mapping system of seagrass beds using ROV (Remotely Operated Vehicle) equipped with the underwater digital camera. The position of ROV
was determined by DGPS (Differential Global Positioning System) and LBL (Long Base Line System) based underwater acoustic navigation
system. It was aso monitored with the video camera attached to the balloon. Automated differentiation between seagrasses and others in the
digital pictures were processed with a commercialized software for remote sensing, which was proved to be satisfactory.

Conventiondly, underwater video camera systems have been used for ground truthing aerial photography for mapping seagrass beds.
However, such systems cannot be successfully applied to deep subtidal areas, because relatively small sized seagrasses are distributed there.
Aeria photography cannot detect such species growing in deepwater areas. Also, the underwater video camera systems for ground truthing may
easily fail to recognize such small species, or the video system may not operate at such depths. Because our ROV system uses an acoustic
positioning system, a survey line does not need to be fixed beforehand, and the ROV can freely monitor any subtida area.

There is alack of information on the status and health of seagrasses worldwide, particularly in the less economically developed regions. We
would like to propose the development of a standard method for monitoring seagrass beds worldwide using remote sensing technology,
including aerial photography, together with our system. Our system can semi-automatically record high-quality digital images, which can be

used for later rough identification of seagrass species at sites facing sudden disturbance by human activity.
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SEICRR L2 RERIBH A A T ORI E T v K~—

2952 LT, MOALE, EFHAL, MoRE S L0 IE
g OfLE, FAL, MNERDDITHT=o T (F5E 2002-
RERFE T A 7 OWRKEIIRTT 5 F L MOT —
B 7 RIS A T ORRERHICRIRHCE S 2 L BB H D,

Pkicky, filkOYE— bV T YT R THT VX
NAATEBEUBE TEELICEKBTEZI R Dotz
DT, BRI, HZEEE, KERERY A 7@, ROV
NAFHBER—Y 7 N T T 52 L2k, —
MO2—F —IZ bRV AT LEERTEDLHRENE ST LD
EfT LT,

315265) .

5 KepETARG SR T LOREMRE

AR TR OKFETHT AT JI/NO ROV &5
ZVEBIREEEN GRS TE Y BRI & 5 R
ECHEEIT O, ZOB, BT 4V AT AOEMRNEIEH
DI EiE. ROV OF v —va VBIURERELY B
59X THIELRD, £IT, KEHE n 25E 10m O
RG L LI KRN Y AT LA DBRFE AT - 1=,

5-1-1 AL L R T LDORE

W R A T & 5N 5 ik GPS (Global Positioning
System) Z & EAIN & FEANL TH D, GPS JINLILIEE
WCHMLZAT D 2PN TELN, e Fieh e GPS 77
FTHRWEPITET D L. GPS OEWRITEM S, ZERE LR
%, L7eMoT, ROV B E LR & & LA ATT X, K
PCIREBNALICEHDS S22 /3720,
T LBL (Long Base Line System) X SSBL (Super Short Base Line
System) M FTRETH 2,

LBL BN ZUEK 26 1R T L H I3 LD h T AR
S EMEICHBEL, Ml ROV) OMNTF LAYV a—HFLHaxD
hZ AR FEOEERE (slant range) % & OEEEH
R BMEST D 2 LI2i D, M (ROV) DAEZNET S Z
ENTED, TOWRICHELZIMMD MT AR Z OB
L@ EZREL TN NIER B2 (calibration &
FE5) o BT AR F DOMBERER calibration A4E 7
7o, WO RNAEME L 72 203, BIADREEEIL R U,

BRI AT A E L

Transducer

(Xc, Yc, Zc) !

Transponder 3
(X3,Y3,7Z3)

Transponder 2
Transponder 1 (X2,Y2,Z2)
(X1,Y1,21)

~ e

26 LBL (Long Base Line System)#I{i J7 =4 & X

Ny N

SSBL MINL HF U FEMZE B OB T MO AEE 2 DO Pids
M OB EF IR OMARZEN HR D, FIRFICEZ R L RO
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KT VAR ZEINIE A & ORI ORI 2 1E 5 (K
27) o ZHUZ L 0 x5 E TO slant range & HFHA DY |
KM & DAATLE &2 FFE TE D, SSBL X M T v AR FD
WRISERE DN R E T RORE G Th D08, BN IR,
APAFE T, LBL B X O SSBL i fF & fE L ERMEZ R D
NP O o

SSBL system

Transducer Y pair

F/\V\/\/\/\

RAVERVERVEE
ANVANFANYA
VARV ARV

27 SSBL (Super Short Base Line System)fil{iz 5 208k &

GPS DZAFHAUTIX, GPS ZAEHE—6 TIT O HMMIAL, GPS
ZEROKFEOBREL X v v L, WK E %21 ESw7-
T4 77 Ll GPSOGPS), K cm OREEEZH 3 5T
MLENFET 2.
Availability : JUIALKE EE DR B R HLERIE) D RER S 4L, I
ARG ERERICIE YR S, KB TIEA— A —4
— DML E A BRI TWDH DT, DOPS ZEHT 5 2 &L

2000 4 5 H /> 5 SA (Selective

o Transponder/Pinger

L7z, DGPS %479 12id, BREIT DCPS [HE R %% E LMET
— 2 &G0 BERROD DGPS MET —Z MR A RN+ 202 TH
%, WAEDIRFE 200km OFEFH TIL, W LR T O P e —
3 VR D DOPS AHIEMEMAKE SN TND, FWRT &I,
AR O PRI A LS 1, W LR EToRE e — oy (7
HER) ICLBF 4 77w 6PS (DGPS) HHIENE #s

REITZETXHDOT, E—a 2k % DGPS HIfi &5 L7
(4 28) .

28 HAARIZHITD DGPS it —= FORE L —E XY 7
Mg LR TR — =T 10 51 )

AL AT 2 TIL ROV 239 B~ B LT & 13 DGPS
W2 X DHPLEATUVN, ROV 3K H D & 1T BRAL 21T
NP Y

5-1-2 R R T LOWAL

SRk 12 4RI, LBL (Long Base Line) 35 & T8 SSBL (Super
Short Base Line) D FEAINL 7 RIZOWTHIE L, Bl ER
Z 2000 4 10 ARICHEEDHS PBRAETFE4) T
1Tolz, BETORER, LBL RNABIRIC 27 LAOBPIMLHFRE L
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rFLURARHE

RO - T AR Z 3REBPIRET 5, ZIEHEEEK
¥ 19~20kHz, JS& BB EU 19kHz T, L > PO 5 iRhElE 10cm
Thbd, b7 ARCZROEEE GERE) 13RK 500m &L
T,

AKpz=v |

ROV (C¥%T 5, bTF AT a—H, FEHER, BEt
VAL FUH AL RR GPS TSR, TR OEZ
B, VU PRIE. ROV ORE - mERIELETT S, T —Z 13 ROV
DTFYF—=r—=T N &N I b=y MIREEND,

i b= b

BRI ET 2, KF2=y b bOT—2 &2 L,
T — 2k KON DOFREAT S,

HLOFIEIX, %&T. & b T AR X OBRBENE % DGPS
THEST S5, ROV #32D F T AR Z CHENTHHT
Wk&sEs, KbFz=y hO T AV a—H (EZWH)
N a— NMeEhiz 19~20kilz OEREEREELND &,
WERE SN BT o 2R 23, BRIESZ2%(E L 19kiz
DREGFEHFEFHET D, KPa=y bTHINT VARV T E
DIEEEHREMZFHIL, b=y MTBEREL, 7 — F3
Y arNTT — ¥ Otk L ORISR 2R+ 5, RS
BER Y, TNV RA FEGEORNET — &)

it b=y MZEBN D,

5-1-3 B RTLOBE

2001 4EFEF LU 2002 4EEE 1T 2000 EFEDOHIGEBR TE LK
MR Z RS LT O LD 2RI EOH R 21TV,
VAT AOFERL E PRI E O &Ko7, SR Sz LBL

HIALY AT A DA EK 29 1R LT,

ik
U
Ll s = - R
EEt L] ree S am
E b bl
T 4 AT e LT I
LLLEL ] B i

N
o T 1w
Ly S g § = TEea
X 1} v W
T T _—
[T
il maH .
o as
- pe——
- e -
-

B129 LBL IS AT LDAH

B DI RIS LTz b T v ARy SRR RO B%
FHESRRETIE, WM 1 AT L5m BRELHT 50T, b
T UARNE OB ITEC T RPMBETHD, £72 ROV & b
FUARHXHDORBLEMHRT DMLENH D, TITHT
VARV FOFRE T EWERDOMIERE D6 |
BT TR MR 5 e L, 61T, &
BB L LTHEEDOH 2 AT D 7 2R L, EE LD
BB hb LT, NT VAR Z D E I AT E T
Lol (K29) .

b Z AR X OAERIE D BEME & Sk EA

& N T AR FRE R DRI DCPS SZAFHE & T — Ik
MRARE L LET — X OERETT ) & LICER LAN (T XY |
BRI AD Y TNV E A LT AT AR OMEERE S
LHTENTEDLLIICLTE, ZHICED R AR FOF
¥V T L=y a URRELRY | BENRMERENTED
ozt oiz (1K30) .

rNT ARy
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30 WELE N VARL X OREIE

FHIROBE

WY 22 EHAEN G2 STV & LBL JIRLOFEZED KA
L%, MEAIRIER 2 W IR OH 23 L OVKIR D430
ZREL, SHEHE L, Fio. A2V XESEEHZ -

T UAR U HRE R OFRRICEE L, oy, AKIEOERHHE
{107,
BEFER AT LO%KE

ROV DAL, WRE, T HME2 b L, EEOWEE i
LiREICHEA CE 5 L ORI R RV AT AOW R EITo T2,

5-1-4 BEEBROBE
SRR 13 4 DU SE R
W RE#OBYERE 2001 4F 10 A TAICHEBF L4 TIT
o7, KL bm iR CTH D, T AR ORRERDUIAR
REAFC, WMOTHMA2Z T TREKZDO AT Y v 7 W L.
FRITFIOKEICSH Y, EREEO FY 7 MEPIETE T,
R — N7 U AR LR RO GPS (Tl TR LAN I XY #
it ECHST 5 LR TE R, ARl BISERE D RNICIE
HHW, K=y NI ROV (ZEFET, EBRAOT L —
DHERH LTz, KbPz=y N & T VAR X ORF A
B Chot, ERMHKICHEWNT, KEFZHMA L, H -
KRZREL, FEEZ RO, - KRS BREICLLHE

BIRE & A E 7R, 4y 32.2psi, Kl 26. 3CREEE T, FHE
SINT-FHIL 1534 m/s (Mackenzie D) Thoto, Tzl
RLFRIT, ROV DN, RE., EITHMEOAHL, 74
AT ADOEBEORILE T A~D A — 85— A R — RN A
WZig o7z (K31) o

31 KPETET A VAT LHBEAS LB ORI EE~D 2 —

R— A VIR—X

ARk 14 AR ORI GEER

TRk 13 AREEOBULFERR T, TRk 12 AREEICAE U R AT
FIFMRTE Tz, LDLABRE, P T VAR ZRERD GPS

— X EfRET DR LAN DI ) 7RO L ZCTHLEEL
TEEN TE DIRREICE > TV, GPS 7T F DY ff
LENEETRWEORBERRH Y | ThbDWRZITU,
BGERE 1T 12,

SRR 14 4R OBISFEERNT, MEEE LR UAE B0 4 T
o7, KEL bm AiETHD, 3BEDHE— T AR FER
WL DML EAT 72, FE LD GPS T
T R LAN 7 7 T OWE DO/ ST In & L, AlEE
BV EL<THEOC Lz (K 32) o E7z, Hf LAN PC &
— NIZERERER % 5 £ AR E LTV, BUSERICE
M LT, WA~ NT U AR D GPS (LT — & (ZMEHE LAN
WLV ET WSS 52 LT, MR LAN (T
BHMD N T U AR X OFRBHANTIILE Z THREL 2@
BE2T27 (K 33) . #EHE LAN ORfE IEEI A EZR TI3K
500m BRETH o7, F/o, K=y b & FT U AR FH

HARZE L, LBL
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DEBZEIHAG BRI T o T, PIRLRFRH A K 33177,

32 R T UARHREROERIEEY

B33 LBL HIfZIC KD &RH2R (20024 10 H, b AIE )

FERERANIC BN T, KEFFEBER L, B - KiRZRE
L, BHERkD, HHy - KREBEREIZLDIEMITIZEA
el BXRASNIREZ R L TV, HIEMIX, Hy
32.0psi, /KIE 26. 4°CHEE (2002 4F 10 A 22 H) T, atES
N7-FHIX 1534 m/s (Mackenzie ORX) ThHo7-, £/, A
YRS - IBEFEZFER— T AR FRERITRE L,

ROy - KIBOERREZIT-7= (X34) , Zhicky,
FREZEHBAT = a L LTHHATES ZE NN
Z7g o7z,

| ——Temg|
IR T
OO [Ehigaki b
34.8 — - — 255
TR SEESS S EE
4.7 =t | 4 27
L s W
. | - il 5
485 1 1
& = x" St gk o ]
& 34.8 - -mﬁg
T H i = i
Faassp i i 5
4.5 - _;“.. :j. ] - — T
— = Salinkty ——
3‘.‘5 " N N N N N | i —
1N I -
Er'1'4!:11.14:! 120 o 1202 umE&'!'
& & 3

34 TR ZRRERICERE Loy < IR OBLAKE R

(FF 2R & BIZHE. WEH T 50cm)

5-1-6 KPETHGMSRTLOFEES

AFFGE TR m 2255 10m OEHERZ %5 & LAk
BT A VAT DD DKPETRL Y AT L ERFE L,
WMEREB o, ZHICEVAEZREETH 7 ROV DK
RIS FTBEIC A o 7o, RPN AT ATERAL T2 LBL
TRLIZ I W T, & OIIALEFHIF K IR D E s D - DOl &
ENTWDA, RV AT A CTHEUKEERHEIC H KR D G 1
EWIERRICH D, TOHE. BEO AT NZANEE
20, ROV OEZEIRE M T VAR AEO L PRIEIR
BWT, FEORINCEE L EOALEFHNT L EI2E D,
T RZADEEAENE L., BGREICLD & EaB X
UKIBOSEH RO & A E L JINFHEIC—ED
A 52 VTRV I K0 SE T A o i R 02
k3, TOMERKLE LD,
EICIX, BAE DGPS (Differential GPS) ZfEA LTV 528,
KPRIAL S AT L O@REE (B 10em LT ORBE) ZiB%T

NS U AR X DR
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L&, Ik RIK-GPS 7L, KV EREARBMEICES L
HMLEND D,

FLARY AT AT, #E— b U RARCARE R, Bk
EDOTF—ZWMEITHER LAN #8H Lz, Zhicky, 7¥—7
NELTUTVEA LOT —ZREMTZAD LI, H
HORE - e om EAMNTZ, 5%, KR 2T 5 LR
Rk E 2R LAN TRO, S6I2, A4 Z—x v MIHH
FIUE, EIRTRE S AT APETE D, o, iR
N7 URARY AR R, VT AL A LOT — X IWERKRER
L OVRINT S RE & i 2 T2 B B A 7 —> a & LTIR TR
5T EDIRINT,

6 KPEFTETALVRATLAESUHMAA S R T LOERR
HOHEHR

AT F T HANIC BI 3 2P FE B R AR T DUV TH —
TEELEDR, ZZTEAVAT LAOEMRLOBENG, A
TRH 7238 FHHT OBFSEBRFE LT DWW T THRER L 72,

6-1 ERAEOHRRTRE

BB T 2KTETET AV AT L B LORB KK
5 OEg L FEUALIC KD REHALL AT LOERIZH T
V. UTOLDRIERETIE AR, HEMNEN ELETH
s

6-1-1 =FI§

D) AEICHZ , BRI, LERWE (Y U LTRRLE)
OFE, . BllHgE coT 7 A, MK, METEE,
WAL (B4 35) 72 EORMAFEIT I,

2) A BT ROV OEHO LG S GEHIZITS SRR DML
MLEE) LIREICBRGRENEZBESLEN DD, ZDT2D,
WL & KIGONLE (BBo@mE) 282 TRET S, ik
(I3RS ROV 7 & O HEfi, T AHTIC S 2 I AN Z .
3) FRATHCRERZ D1 21iE, FANCHTZEE HI B8 %
1795, mE 300m L EOBAIFFFAINMNEL 2D, AT YA
VXBALG, KT OBAEEAT D,

4) FREBICHICA D &5 ICEEEEM Ok 21T 5, Hilliz &
o TIXEH, MEETHXTERVWEENRH D . KEHIZRK
LD EEDND D,

5) ROV IZFHEHETRICITEEZTT, T A 2179, &KERITR
WENHIUTATH IS, BWEN 2 WIS TN B ICHNETT,
FHEEAT S, X 36 ICKRIRDMIANEEDBEE AT,

ARA N AVANEATA
NG - SN, - AN
S

B35 AHEE 2002 4F 10 A 19 25 25 H OWINLIK

(http://ishigaki.com/Jk ¥ ATF)
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(c) 1 AT DEY >

(d) FHEAA~DFEAIA D

B136 SERDAANLTIEE

6) FAAIITRATISCKERIC LV REWIR O~ » B 72T,
HANCATH A ZRET 2, METERONE, Thi bl
WCREMARZ RO D Z L bR TH D4, MO AN L
LTWBH/ANRLNDOT, HizICKEK» O FERE Z LT
13, 15, 16D EHICw v ELZ LTHL ZEREELY,

7) ROV, TRATHRRCRERDTEIZY A ORGROMER % 5 T1T 9,
R, TRATAR & SR IEWR B R JRGH 10m/s PA_E 158 F IR
ThHDT, RREHrTHEEZRGT D2HERD D,

8) ROV T X 2 BIANIZ DT DREMMDOT v I —%F > T
BATH. 7272 L, ROV &N ERIfR 28 L Cifitc& %
Bih, MEBBHLZRNS ROV BIAZITY 2N TED, Z0
FEITHBRITI - 72 BLHIA T E 2O THEMTH DM, ROV
Dy —=TNEMDAT Y 2—TEZALZ LDV KIS L

DEEDMLETH D, [UIEKNHIT LD RETHIIL, KK
ZRRHCEH L, EZEZ0hD ROV 254 —FT 52 ENEFL
W,

9) YHOBRKTHRIIBINT — X 2%EL, Xy Y —2 T
BETHHICLVEMEOBRLME, BHOWENE &
RBLTHRELZEDD Z ENEE LY, K 37 IZKENHLDT L
A—FEGBEFEM L TE=F—LTWDHIEELZTRT, HE
FORIZRRAMSAB LI STV D,

10) FAEAETH, ROV, KEROEZ DTS 24T 5, WRIEIBLHI O
T O ER TOWEH & fla 0170, M 2 e - F8% T 5,
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B 37T XENEDOT LA —ZEGOFEM L TOE=2 =KL

6-1-2 AR

it ECOEEE 54, FlHZHD X ETOEXELITS Z
LRTELHDT, ZOABTEMRTRTHLD, LTICEN
EFNDOANBIZOWTELT,

1) ROV PR : ROV DFRNLRMRHAITIT 2 D ANERSLETH D,
BUHIREIZIX ROV #fpEE & r—T A 24 FF3ADNMET
bbb, T NHEDO LI LIFTWHRICHELOABEE L, il
D 14T ROV DA, [FIREFHCSLETH D BRI 3
DILFETHZENAEETH D, ROV Bl ITRE XIS HIC
FELOLADRZEE LU,

2) KK - PINZPALR - KEROEEMITIZ 3 AMETH DH A, KK
T R HITNTEREEIZ 1A TRY, 61T, BRI
WX, ROV Ofr@E A B (HIRD) %175,

3) BB ROV B LUK oA AKREEE L, ReER
HiT 9.

B 38 ITARZEDKER D B RS L 72 fA Lo A B ORER I
DBz, K, KEKOBIEIZ 2 A B3MEEP TH 525, ROV
W B2l & BIFCH DT ROV HYE B 34 1 T/EEE ik
LT3, i Bk FOBEBIIZERND 0T L A —Z EikE
= —EERLTND,

38 RZEDKERD DR Lo il A Lo A B ORLERG

39 AL BT o4 B OBRLER D

6-1-3 REMR

FRATMNIE ROV BAGREEAS . JINZRAGREEAS & SBRBIREERS 2 BE
BETELIREIOMPMLETH D, IHLIZEMTIEEAD
BRI B, 2o, £ 8 A— kL,
M8 2 A— MU EOREMOMBLETH D, RAEMETD
B FEEEA OBLECIR I A (X 39 1278, MF OIEEE I X EIR DRl
TR EOREEEZRE L TITY, MREDORBERARLE
ZBLNDHOT, ZOXMELML TIH <, RAMITBLH TR
THIEERDIZD, MIET TRhRMEOEELED T, &
AFAAZ 22T NERH D,

6-2 EBRABMOFELHESEOMBER
ATAEEE E Clt ROV ZMHIT 72 REECIRE T 2 DICi A2 Z L
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2000EERERLEROVOVEREOER

200 25EEMELEROY DEFFOER
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T LOWFFERIC OV TR, K 42 17T K D 1Tk DB E
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INHOFRER, EH 7 L — A% 5T ROV O3/ KEROREFR (7 7—) | FROBAIRNBERETH D,
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WG, MZETE, SEERD A 7 EE, ROV HEHD 2 T H
BER—Y 7 P CT—XHICAHT L LIk — RO —
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D, FHC. BESEKEXELZEDRVWAETIETHD Z Lo
b, BBV 2 AV EORDAEYE X DRBENL R H
BICRMEZLEE LW REL Vo RERFENH D,
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