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Teleoperation System for Unmanned Untethered Underwater Robot
(Part 1: System for Time Delay)

by Hiroshi Kawano Hayato Kondo, Member
Tamaki Ura, Member

Summary

The AUV (Autonomous Underwater Vehicle) is not restricted by the umbilical cable and able to
swim freely. Complex control is, however, significantly difficult, because of low rate and long delay in
acoustic link between the operators and the vehicle. Since there are many complicated missions for
underwater vehicle which need powerful operators control ability, it is desirable that unmanned
untethered underwater robots in deep water could be remotely controlled by the operators on surface.

In this paper, the teleoperation system for unmanned untethered underwater robots, which cope with
long time delay of acoustic communication, is proposed. A virtual robot which should immediately
represents the result of remote control is simulated and shown to the operators on the graphical
workstation as prediction computer graphics. Both the virtual robot and the real robot have the same
“World Model” which has been constructed based on predetermined configuration of the seabed and
obstacles. These robots generate their path and move themselves by receiving intermittently operators’
commands. The real robot status and the information on encountering with unknown obstacles, which
has not been written in the World Model, are sent to the workstation. The operators can decide how
to operate the vehicle in support with three-dimensional computer graphics (3 DCG) on the workstation,
which compares the motion of the virtual robot and that of the real robot in the World Model. The
workstation provides the whale view and the virtual diver view to back up the operation. The proposed
system is evaluated by the simulation experiments, and the results show that long delay in acoustic
communication can be overcome and that remotely operation can be realized by the proposed system.

499

1. & C & <

EE, AHcRb> TP CEEE2B I 25 EHu Ky
FOHRBRNICBE I RbhTwE, FOEEIEI7 Y E
VAN T—TNVDEERLIVEREERL KBS S,

A%

*k ok

ZEEER (BR) (FTRLRE, B REbE TR0
FZED

RAERFERFRE L E R ER

R RKFEEERANHIET

FRZE FRIFETHIWH
KERFERICBOTHER FRIFEIALIGH

EREFoRy NEEREERORy PP Ly RITR,
BROBEPHERFEOLOORZE-F, BHCHEHRaN:
AE2—F L VITEPEIHISN S, LI itk
DR TOITENCHIBEN L, oy bDSA4F 37 R
bROFGERERT D LBEBE, £, BLOTEDRR
KRARBRERI 2D OKR#E» D LR OLENT W
&, BEPERICLPLIIXMHELIIHIZIOSNAZ L
LHE»RHS, LL, BETRADOER %L St
T, FyFrrR¥vs=tarbv—yarnksd CEEREL
EBIRI DR, BBOav a2 -5 YT b7
RO TRECEHEHHAT 3 Z L cBElL T, WEXFEL DHE
BRI TWw3,

NI | -El ectronic Library Service
|



The Society of Naval Architects of Japan

500 HEEMFESHIE F182 5

FROBEHFo Ry M i, ABSEBEETSZ LT, #
¥y yvareEMBIndIenTESL, Ll, &
DFEFEC LD Ry FOTESHRENLD, BARRD
TR OERBSLEL D, TR FOFAPREY K
WORBESFEE L ->T 05,

oD s, MEDFISZHERD [Hif» SHt
NTHWTHREBRETE 2EEEFIORY | OFEHRIE
EFNTHW5E, EBEEFO Ry FOERBREY R 7 L 2EH
FTEHiE, ROLSZFEEERRT 2LEBNH 5, —
i, EhTOHEFBCHWLNS, BFFROBMEICET 3
BEETHD, b5>—2iF, EPoRy b OBEFRIEC
BT sEETH 5,

AEE 4,500 [m] ich 2R u Ry  EBEERTIHRSE
EE2 5, BEEIEFLEET 5EEILH 1,500 [m/s] &
DT, FEICHIBEET S, £EREXTIE, RICHE
{EXRFE % 10,000 [bit/sec] & LY, 256 BEFHD 120X80 F »
FEEERERET IO TR0 I LIRS, TR
b, MEOBRHENETORY b 2EBRET 255,
BREORE LGB aRy NEET 3 TIPS
»Y, FEEZIWMouRy MEEFOREBEEREEL T
Do, BRECBLET, 5305, BHEIID
AIOI Ry FORELHLHS I LHTET, BEAHOE
REHZDICRE 6 Bo»z, BHRERCEL CIX, 108
AT 120X 80 ERO/KPHEH %, 7TH T HIEE L LT
LMBEZEBTERYL, ZDXIREHETTIR, BED
BroRy P EERRBET I L 0FELERTLIIER
REETHD, BhPory VEHK, HIEEOHEE .
7TagD22Y, SuiERTEHEENICTIGL &2 S &R
ECEBYRATFLADBLELER S,

¥/, BhhsoRy COREFEREARZEHLELZ
3, BBIZBOWTCCD A XTI TR HEA—- M VOHEA LD
Bony, BEEAEL Y TRRAIL -EEYOLER
P2, INSDOFRE, RELbRDRT VM
7o b TEREEE \CIREE L, BREESESREEZ2bTIC, M
WIBRFEBIRZ 2L 5B T VAT LADBENLE
Lx3hs,

Ty AR —VEEMFEHR (WHOI: Woods Hole
Oceanographic Institution) %, ROV (Remotely Oper-
ated Vehicle) ® JASON 2#HAwTaRy MEHDO~=
2V —F DEBEREECEL THENBIbhTw 3,
ZOWFRTIE, T=Farv—2Ick->T, MEIE»ZD
HIZANS Loy vy s v BELTED, DS
FTATARAT—=IAF—Yay T, v=Falb—FD
Yiav—varizl, BHEBEIERACEZERERER
5—EDBfEa~v FEANT B, ZDav > FIZBSEK
BECL->THTEEDTHEPO Ry MIEESIhE, F
HORy POV 2V —% OFEBRECZOWT b ERER
VAT LADHERAFENLZENTVREY, ZThE5DY A F A

Tk, ATHTH 20 L <IE, HBHEMZEIDO%E
BB AEE2BELTEY, oy b OBEFEREED
WA 5 RMOERICN T 2F@B+FIC RSN T
BV, W TIIER L CONELL, LRI TwR
W R ¥, RAOEENSICEEND, FD-H, @
FEZIW- B0 TRy + QRN DV TOREEEIE

(Y, MREEABLERENZOTENCHERNAT
EBEIRVATALADBLBEER B,

TR TR TREBLCHIGL, BRERF Ry bOH
B2 ECEL L ENS, RMOBEFZIZHMEL, Eh
BBl CEo b0 RWIERE D LT, Hicr b
HEPHEBEZERO Ry FOEERBICIbE-> TS LS
BERET, ERBEEBIRI LB TELYAT Al %
BEL, ZOHREMETRT,

2. FERBREXTLNEE

2.1 FRBRE AT LOBE

EERIEY R T A%, RIORTEREZIRICHEET %,
(1) BEEMBOXE »pRERSENCESN TV, Ly
L, fTEERCIRHOESYNEET 2 421 H 5,
(2)EBMEE L DBECEa~Y R v 7 LEHERY > 2
DML LTz 2 REDBEFHBERE 2V 5,

(3)uRy rOMBRDLEDSNIFEETEHHTEZ LY
NET 3,

(4)EFo Ry ME, EEHEFLEEMAZ TCOHEEMT
ZEQBEREEZRD,

(5)Iyvavik, HEMS»SEN-HELDTRy b2
TEIRBHRL, BEMSGETE, 22 CASHDIEES
BIkS5ZkLd 3,

BELLEREBRoRY FOERREESRTFLON—F
v = 7% Fig. 1 =7, BtERcC3RER0 s 7 7

Workstation Operator

Unmanned
Untethered

T

Fig.1 Teleoperation System (Hardware)

Target

NI | -El ectronic Library Service
[



The Society of Naval Architects of Japan

BRI O Ry ~ OEBERIECET 5 501

AR T =7 RT3 v5%BT 5, @Hhary i
& B Y, CCD A AT BLUPT L Ea—5 SR,
BEOZHITEATREL 75, V— 2 A5 —v a> o
Ry MIBERICLAHEEEBIRS,

VYI7 727 D% Fig. 2 1CR T, Y~2 A5 —3 3
YTEHBMRA T 27 4o s 2a—F e 45T - (B
MEA GUD 8E(Ta R, Bufy hiclEishzavEa
— 2 TEATEIHIBE 7 )L ) X & (Vehicle Control Algor-
ithm) BSRIT SN %, 87 GUI i, HEDBRIEAS %
RS, FoRy b OREL, BRERECMET 25,
3RTAYE2—F+757 4 2R (3DCG) Iz & b Mkt
Wh»YRF L FRRT 5. B GUL I IFAR T Ky b 2s
FEND, KEORy PeEoRy bk, YL ReF
veaRy b A FITRAETNE 2GR CTESIE
TNTYXLERFD, 7=V FEFN L IZHEERGOREE
NOBEMDERTH Y, HEMELERL-LOTH S,
FREDY S 2V — 2 > CHERLBEMK L 7 —1 F
T NOFI% Fig. 3 1R,

2.2 BEENIIHET 3 XFA

REORY MEZEDSAF I REFABEIRT—F
ETNED L, FoRy b LEBOHEIC & > T8
BV I 2L —bENDB, BHEEOREAITCIERENS
ITEIEBERL, EoRy NOTE:2FHT 2B T2 0T
B EiEE iRt s h B,

BEE OBEANZEE Ry b EEBCED £y Mo
bESN, BEIC L 2R td D%, Eufy N ZTE
D B,

(Cozans
Information

about Mission l Operation
Operating GUI
Viewer Virtual Robot

World Model)| |(World Mode

Information about World 'l Operation
Model and Vehicle Status Command

Vehicle Control Algorithm

Dynamics
World Model

=] o

Sensors
Fig.2 Teleoperation System (Software)

CCD

Camera

BWEROTN £ FHIT 5 120 LU FISRT 3 DOl 55
#7T 5%, (Fig. 4 1)

(1) #4¢ErFH (Operator Time)

(28 Ry MR (Virtual Robot Time)

(3)Eo Ry EH (Real Robot Time)

BRAEHER I IRRE L > TORBISEITH D, EFRE
ZRIA LIRS EE S L T2, RET Ry MR, (R
TRy MZE > TORBRTH D, MBS S B0
EASI RO M- 2B 2 F & T2, RIET Ky bR
FERGEERFHIC BT 5, FoRy MERIEEO Ry o8

L) : Target
i : Targ

(a) Seabed-1

: Target

(b) World Model-1

Fig.3 Real Seabed-1 and World Model-1 in the Robot
and Operating GUI

Virtual Robot Time

\D:D\Virtﬁg Eobot Motion

td+tv

Operator Time
Vision Data)

Real Robot Time

Real Robot Motion

Fig.4 Time Coordinates and Acoustic Link

NI -El ectronic Library Servi ce[



The Society of Naval Architects of Japan

502 HAEMFESMIE F 1825

BHE L SRUVIOBEANEZZ TR RE 2RSS LT
%, EaiRy b AOBEEIIIREENSHES DT, EoXR
v BRI AR IR 0 o td BB L 22, Eu Ky
RO Ry bOYIav—yar el FUITEIR L
i, (KRB Ry VR EE e Ry MRERIT, B—BEZI
B 2HEOTEHE—KT 3,

2.3 BENSI1I>T

HROFN % Fig. 5 WRT, BEuRy MIBEVIOGS %
CRUE S AR S, tc T ICHSOHREEMNES LU
By Vi L 2HEBELBFHEMCXELRT 5, EHRE
WiZ I AN, EREXRET 2ORCET 2R tv &
WCEEE3NG, HIHFECEBRENSGSERELLETS
£, td DBIZ 2O E Ry MBEEL, EuRy b
EROXRFY A 7 VORRETHFENT 2 HHOREE R
MEICKRET 5, BB IRFEREBL TS 2td+a
(asto)BizE Ry NOREEHZ Z LNTE S, 77,
ERERCBEL TiE, tv+td BFEIRTOER %, tv T & 1cH
IEEELTH L TES,

BV AT ATCREBHEAGUILIZLY, tdATOETRY b
ZtcZ i, RIBuRy bEREYTALY A LI, tv+td BTD
AASHEOTRY MIBEE tv TLEHL, FhTh
FrRT B,

2.4 fTERIEATLIYX L

Fig. 6 Ko Ry b OITEFIET VT Y X LD 2R
T TEMRIET7 V) X A TS VSR L SEShHIEE T/
a3, mPERE, BRE»SOGYEZIERY,
ROV -V RETFVESBBLENS, EaoRfy b
BT 2882 ERT 5, oRy FOSRABEICESL
&R Y—NVIFEFNZEEZNLZT, AR 2R
V> &BLCEMA GUI KEZR 3. K80 Xy b OFE
WE7 NV TY X4iZ, REHZRETRY FOBLDOLEFL
TH3H, RARE~OEBEOERIZEo Ry 552
Sh, #RAGULIZZ %, 7—I FEFNICEREREN
TH5IELTRET B,

EEHIEE R S AEIRI & D &K S W ERE OB
HTRbLENIHBELEEHE L L TEu Ry FOEE %

2tit+ o
td

Operator Time

Sensory data =
and e
Robot status / / / /[ _/

_ILl_  Real Robot Time
(67

Command

Vision data

tv Real Robot Time

Fig.5 Information Flow via Acoustic Link

S 5,

2.5 REBORy b eROAY FOFHO—H
REBLUVETRY hOT— NV RFEFILIE, BECELD
FEENDOI D LT LI—BET, S 1+ 72T
DEZCIVNBEOENEL S, 20D, FRFLOMH
TUEHTER S N LPERRI T WEEH B,

Fig. 7B T, [RIEvRy +45B Hiz, EaXy ps
AFhrRBEATENThERRITOMS %), Path-
V & Path-R @2 ER LIz L35, Fo Ry Ml
ERERT CITTEIRRET 5, 2 OBEIZRHAE GUL IkE
REN, BEFIEoRy FORTHEZ TS 520
BEBIRL, DESHNIBEELMZ 5, BiEEHS Path-V %
BRI ET 2, 2OGFERETHET, WcEaRy

Information about World A
Model and Vehicle Status

Operation
Command

Vehicle Control
Algorithm

Command Process

P
= World Model

Cruising Path

Dynamics Control
Dynamics
Model

Sensors

OCCD)
Camera

Fig.6 Vehicle Control Algorithm

: C Path-R
""---
“
el ew Path-R
Real Robot B
o g
A A

Virtual Robot"‘\\ '
‘.D. Path-V

Fig.7 Robot Path

NI | -El ectronic Library Service
I



The Society of Naval Architects of Japan

EFREDO Ry b OEBERECET 25 503

M Path-R > TCHEETHITL TV S, Eaf v +
A ARG L C i TH#IEL, Path-V AOZEFE#HE,
Gbb CHALROMEESD 24 New Path-R %458+
%o ZOYBEIIMBE S OBET — % & UCHEHEA GUI o2
BENB. KRy FIPEEEEFEL72%, CEHT2td+te
HIEL T o fTBI 2 BT %, RIET Ry M3 EEHHE
New Path-R #%17E5 & C S~BHIL, tc#&iLnis,
New Path-R 12y - TITBI2BAT 2, Eu Ky Mo
WA GUL £ ClEBIC td 2o TWB DT, U Eic & 0, 1R
MoRy bZEoRy b0 tdEDOTEI 2 FH L, DFTH
TS IR T 5 Z L 3T % B, HEES Path-R %58
RUTGE S FERRICHIET X 5,

Koy bSKRHOBEEMEZRR LS, Eofy b
EHBED S NI-BIHETEN 2 & 2, EEWMFHEROHE L td
BICHHER GULICEIZES 3, (RIEBo R v Mg, Eafy b
NEEMERER LIAE»S, EuRy F 532 td OEER,
ERETEI E B ZRo B EFHEL, FOHELSY I 2
V—ya YEBEET5, Zhicky, REoRy MiEo
Ry + D td EDOTEEFHIL, £ DITE) % S iRt
L5ZENTES,

2.6 BBRAIS 74 hN 21—H - 44Tz —2X

BHEA GUI (Fig. 8) 1, SBE A, Bk, &
ERSAND 3 DD 2NV EEED, Y 7 b 2 7 OBEZIE,
REARZEEERMNHRFEHIEE D MVS (Multi-Vehicle
Simulator)™® % & L I2B I 5z, MVS RiERTH o £
Yy POENER, BEHELR R I 2L — T3,

R AV, V-V FEFALE dETIOETRY + %
3IDCGDRY T THRFL, RET Ry b & tv+td §i D
AXATEREEOTRY OMUBEENLFRIA T 7L —4

TERRT 5, RETRY MIZOMBELY A5 4 LICE

Virtual Diver

Control Panel Whale View

Real Robot

| ' Real Image from the Robot

]

Image from the View Point of Virtual Diver

Fig. 8  Operating GUI

Fans05, tdHinEaRy Mdtc T&i2, tv+td i #
AIB|ERDO Ry b DMBEIR tv T L F OB EL
END, ChiICEVEBPRBECEL B S 3 BEEsD 5
CTh, BHESEPORNABRZCIBBETE 2, %12,
HouRy b OFITEEMSEZIEE LD, EEOBLSEE
SNb L5, REMCEHCEBLLES A= (LT,
RS A /N — LR B FESE, VAP 7L —AickD
FRY 3,

BB/ SV LIRS OBRIEASTER L RAR S 4 N — D
Ho o Rz 7=V REFVORENFT SN, BEER
BREINTVBET—VREFVORT, FES A N — %5
L5 2 CEBOEAKE SN, BLEENET Ry
NOEERBEICI bR > T3 &5 REBRE - TE
EBIRIIENTEDL, £f, W ASHBEROTRY +
UEICHEEBL, EHE SANVICERSNIEGKRE, 2
ERAINDEGELKT 22T, 7L FEFL L EER
DEERFEDOR LR TE 2, Thbb, RS TER
BIANAMCE D SEERET 2 EA L, BIESAMCED
BRoRy FOBIL - BEOT S £B2 2 LT, &
RiRfErZBEINB,

KoRy b OFfTICIE, BEMRTE—F EEHfiTe—
FHHYD, BEFITE—FRERECL->TELzNEH
BHLEE THELZEFER L THITT340T, Z0OHE
RS ANVCRREN S, BRERTEOBE S Tk
ThHs, FEHITE— FNIZATE, BEELEOHSE2ERC
525b0TH3,

3. YIalb—aizL B

BELLVY AT LAOBMEERHERT 2701, YIaL
—Va EBEREELB IR oY 2 —v 3 VT,
TERRBL 2 KB 4,500 (m] BEOBEME: L, HE&ME
DHEFEIIX SSBL 2 ¥, B & & & I8 HMEA L v
BHEREEZAVS LRELT, 9fy b EFNVIZEEA
FEEEMAREFTEMAEZEONAET X bRy R Twin-
Burger 2"V L, 204 3 7 R & B0
HHARRNY ZHVTY I av—1F L, Ry Mg —
YV, AV x4, =7, I—D 4 BHERED, £7-, 8ch
DEBEFEEE L >V, ¥~ - 27 = 4 FEOFHES, &
Brry, AMAEL HE2EH L0 ASOREEY
Yialb—FIENBLIILENTE S,

YIial—ya iZ3 2BEOHEERWTRIERB 2
®olz, Fig.3 (M1 1), Fig.9 (M 2) wwxhFhoa
YEa—F v Ialb—yariZkAEEMBL TR
ETNETT, WEMFIZ, 20x20 (m] OFEHKT1 [m]
HROBRFRCENTNEETF—S 252, #he=AF
DRY T TRALY, V=V FEFALE, 4 [m] EET
BIBRICREL 72, BEMBICIZT L FEFAMCREIH
TOZRWEMRA VLR, BEZ EORMOBRENS

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

504 A

{7

ey
"’:?:ﬁ..e::.'#.
T
N

VAL

4 2 AL AT
" Vem e

o

{7

".'.." .'..

RS o ey,

N IR
LA TR
e s
KA
AL .'q..b"

eSS SNy

LA

Fig.9 Real Seabed-2 and World Model-2 in the Robot
and Operating GUI

N3, EERAAANVICERSNSEGIZ, X TBEMNE
DRA» SEEMEERD-EHREEI Y a2 -y - 757
4 7 AL DFRRL, HEEN LB LEEGROERFHEI
X DL 72,

Ty varid, ERPICARENS LI start H» S H
RLTEBESNITANTOSY -4 v + OB X THITL,
start Hi2d E%, I —7 v ML T, BE»EEGR <
ANTY =7y N REELUILESET, Fyvd>s, £E,
BER ORI ERETEIILE L, Yialb—yarick
Z3EaRy M, FyFRr /OGS s2Z0R- 2K, B8
DARXAZRFUCS —7 v b BFTF s THIE, HERI
FoFr7eliidsI ez

M 1 ORRIEEEROFER % Fig. 10, Fig. 11, Fig. 12 (&R

T : Target

Start
-
e

Fig. 10 Trajectory of the Real Robot in Real

Seabed-1

T : Target

Fig. 11 Trajectory of the Virtual Robot in World
Model-1

s f) - Target

Fig.12 Modified World Model-1 After Operation

T, Fig. 10 iZEEME L Eo Xy + OFITEE%, Fig. 11
B7—VFEFVERBORY P ORITEE%, Fig. 121X
EREBUTCEBRIN VAV FEFLERLTWS, ¥
=5y Mp sy —Fy bAREREHEMRTHHVONTS
D, =%y MEETEFFMITBLE Ny ¥ 7E06
MRREINTVE,EoRy b L{FEO Ry b OBEL,
RKERFTNEELCTOEWI L 2HBEATE 5,

I 2 DEEROFER % Fig. 13, Fig. 14, Fig. 15 1ZR7,
ZOBEL2ODHEBRARELRTNLELEL Y, BEMEIR

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

P o Ry b ORI AT 505

Fig. 13 Trajectory of the Real Robot in Real
Seabed-2

T : Target

Thig| Burgert(21)
Rl y
T

~ Cahi(ea)

L‘,,? -

Caq‘:l:(ﬁg) -

Fig. 14 Trajectory of the Virtual Robot in World

Model-2

NTn3b L 2HHETE 3, Fig. 15T, V-V RFREFL
X I N TR > IRAOBERHME % E R85 0»0 T,
EEINTHMAICHRESEBES L TWA08bh 5, 77,
FRCZ DN CRBMER S BESINL TV 3,

#iZ 1 (Case 1), #iF%2 (Case 2) OEERTEMEZ IC &
D RE SN OEE R, H53%E T Fig. 16 IR T, B
FEBUIHF 1 4363 H, #2189 ETH 2, Go To
Xdest i, H2FEEL -#E~DHEHITHS T, Dock-
ing, Battery Charge, Take Off % —% v b ~ADFw F
YZZBET MR TH B, ZNLAD b DIZFEHITICRE

T : Target

Fig. 15 Modified World Model-2 After Operation

B Case 2 i
OCase 1

Go Down
Go Up

Go Right]L
Go Left|]

Go BacklV|
Go Forward|f
Turnl}
Stop|E

Take Off E——

Battery Charge|F

Docking

Go To Xdest|L
0 10 20 30 40 50

Fig.16 Frequency of Operation of Each Command

TELDTHD, #HE 2 DFEEDHNFEEMITO LD 24
EPREL, BRAFERL Sr o7, INBEBEMELS L
DM ZEE, BHEONAPEZLILETLTY
%, Hif 1 CREERITTIELALOBICHISTE T
5, BHEE IEEMEOEM S CRMOBEZORE L
T, HEFITCFENTL CRBREOFREB/INT 2 =
LT, MFERLEBRFEB IR 25 I ESERSI N,

4, % =
BEELRBICIIS S 2 S A F A L LTiE, AERTIEL

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

506 HESEHFamE H1825

F27kBE 4,500 [m] L3 &ED D L TR, RIFRERJE
Shtze RICZDERERKED, 000 [m] LRELBHE%
25k, BECIrIrIFMIIM6HERS, ZhIZLD
FEoRy PEeEoRy POBBRETRRAE RS
B, FHoXy FeREEE U CGERBELB I R84S,
BEBEOELC L IFEIVRVEELSL, LPL, B
FIZBI BRAMONEEERICANNE, REoKRY b &
EoRy POTENCEENECR T BB LWL 5, KAl
DEEVEZRRALET Ry FroERBESN T 55
EInR B30T, #AXTEREOARERELONS 2
LB, Eulky bp o ORERE, HEOEERL
EL R 0EELZT 288, EHEEEBSHIEERE
bW, XY A7 AOBREFERAEKICEFATE 3,

BHRECEL RSN WERE, TEARTE
R CIRMT 272012, KYAFALATRY7—AVEE
FTNDIDCGIC L ZEHEEHA LH, ZRIZEROWE
FoRy b, ERXERON A SEGRED & IERRES
N52e%2%22k, JVE&ER2NETE3BESPEBIC
FoZricnh, AMTHS, 1L, BEYRATLRERE
ofEfPuRy NERTAEE, BReBIsRYya=
YIS ARRBRENE LN FNIET -V REFALDOER)
HikEkbhTLE 3,

Eiz, BRELULERREYXTLZ, FROEPoRy
FOHERLENTHZ LEZ D, 2T, RBOFEE
BEEEEZ L L, MEROZFHEL OSBRI —VFE
TUVEEEL T TE, BEREBEEOBICKE Y X FEERHS
THHATH -1 LTH, BiEA GUIL i3, WEHRO & DI
RO ERBZFESLD RSB,

5. #& ]

bk D, BEIN-EREPO Ry b ORBRIEY
AT ALY, ERETO Ry P OERBRUENTREE D,
BELTEH2IVABICBIRI I ENTE S I LIRS
N, e, RETRY MizkY, ERERECHES BEE
NOFEDLLIPBEE I, BEAGUICBIF3 3DCGD
FIEREES A N—DORAEDBAI XD, BHEIIESR
o CERRENSTE 5, BAOETBRERNTIEY -V
FEFLEFIALT, LYHBELERBRELTELL, X
MOBREINL TR, BEV—VEEFLVEEET SR L

W OIGT 5 Z L TE B,

EROBET W, oy EEB X ERHENELHE
Wik r OREI & DR, BB (Hvngna ] 28
Sxh, BN R, T8I XA E2HET 2 UEEMESH 2,
NEBHLRLTE2EODYATLELT, BRXOBEE
THEVRTLEBEIN ., SBEIEATLEEREL
T, Euly b 2o HERICETE, XY EREOFL
VAT ANEBHAEINS Z EBHFENS,

2 £ X M

1) R, AHNS  gEEEEG o Ry b OFfFREHEAE
M, BasEMEsEE, 8 815 8, (1997.5), pp. 71-76

2) WER S/E—E»  EPhoRy MEE, YK, KU
BHEE 1994, pp. 89-110

3) WE BIIE—Z»  EhaoRy MEE, IR BRI
HELE 1994, pp. 39-88

4) HEEMZERKBHIEMEMZEES | BPEMN—K
FIER, RRILEEE, 1992, p. 297

5) Craig P. Sayers, Dana R. Yoerger, et al.: A
Manipulator Work Package for Teleoperation
from Unmanned Untethered Vehicles-Current
Feasibility and Future Applications, Proc. of
IARP 96, Toulon, Mobile Robots for Subsea
Environment, 1996. 3, pp. 1-23 ‘

6) EMEER I FHoRy F OEBRERKT-—SEL—
THEC & 5EBRE—, HEo Ry FESEE B
14% £ 75, (1996.10), pp. 931-934

7) BHER, @R REEZ @t o Ry IS
BREBREY S 2Vv—y Ol ER2EEHELE
Y URY T LARBESE, (1994.1), pp. 543-548

8) EHER, FHE", R, BEFR AME 2y
N -7 BB X 3P o Ry RS
Talv—%— HEEMBESHE K185,
(1995.12), pp. 667-674

9) JUEFEE: Fo* v/ 2BELLERERORY bO
EBRECE T 2%, HERAREELRL, 1997.2

10) FEHEER, TRER, BEER], MGk, eEEl, T8
Bz ErhoRy rOMELcET AR (20
1:RAT R bRy FORFE & AEER), HXER
SEEFICE, FE 1745, (1993.12), pp. 903-916

11) EEiER tEF o Ry b OHMITENCEE T 2 5,
REAZEE IR, 1992.3

12) AHAB =2—INAy NI —2Z X BEROR
v MEBEIOFRE & HIE, EEAEELRX, 1996.6

NI | -El ectronic Library Service



