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Research on Tele-operated Support System of Underwater Excavator

Taketsugu HIRABAYASHI*

Synopsis

Mechanization of diving operations is necessary for safer and more efficient underwater
construction works in port areas. Teleoperated underwater construction machines are under
developing. The detection system as well as the operation one are required for these machines. The
problem is that the conventional TV camera system is impractical in water because of turbidity.
Haptic information is introduced to help to control construction machines substituting for visual
information. In 2003, the experiment of leveling unknown gravel terrain to a certain height using a
land model of teleoperated backhoe was carried out. In 2004, the author examined the ability of
machine experimentally on a real sea area. Experimental results show that accuracy of leveling
are +17cm=8cm, and the construction efficiency of the system is 25.6m’/h. It is proved that the
concept of the authors’ proposed system is enough effective for the operation in such turbid water
as visual information is not available, and it has sufficient performance for actual construction
works.

The transportation of heavy materials in water are done by crane vessels. But, it is very difficult
that the crane operator confirms divers safety by watching. The technology which can do
underwater construction more safely and efficiently is necessary. Operation of the man-machine
interface should be easy and intuitive for efficient works when using a remote-controlled
underwater excavator. Moreover, operation is preferable to be unwearying. The aim of this research
is to evaluate the operability of the joystick-type-interface that is newly proposed. The operability
of the joystick and that of the similar-figure-interface were compared in the pointing experiment.
As for the pointing experiment, the operation efficiency was evaluated by the speed and the
accuracy of the operation of the excavator front part, and the tiredness level was evaluated through
the interview with the operators. As a result, concerning the new interface that uses a joystick,
operation efficiency was found to be almost equal to the similar-figure-interface and the tiredness
level has been improved. Moreover, the construction material transportation in water was assumed,
and the handling experiment was done. The mechanization of the heavy work underwater can be

expected by the result of this research.

Key Words: underwater excavator, unmanned underwater construction, diver, teleoperation
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7%, ZOMTHEILCWENE a2 Y7 =T b
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H A (F:[kef] T:[kef-cm])

B5F [sec]

X-4.7 6oy ATHT

-4.8 H W EhE

/ \ /\ / \ Zzamuryp;

5
4
3 —— Switch Type [
2
1
0

Hh (TL:[kef-cm]l S:[v])
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(3) BN EBRAEAL & I 7= SR s i

Ny 7R ORI R B D60y S EE S TEE LR

W, BOWATMEFHTE 2 u— RerEHv 5 ik
IZDWT, A & VW BRI K W et R T 7.

ZORER, ERE, Ny MiEbYoOE—A b (¥
v F U T MVT) OBRIIC I o T U v RE OB % H]
ETEDLZENDMoT=. B, EvF o7 i, 2
HoBREMEM o — FEALOEHEEHIIL, F0EHE
INHRODHZENTES.

4.3 ERNRBIEREIC K DERBE~OBEIGEE

Ny 7 KU, BEBBIOS—2L570—F L,
ANy N, T — L, T — S, FERIEO4E B EECH)
< EIShEmIA E TR S DAY, 22 TlE, mRRERIEC
BV THRHICEE R EEERA ORI S EZ PO T 5.

ANy N, T, T — 2, BEREENE, 48 B
ERORRY T —AEEBEXDHENTED. A L—
ZOBIEIZ LY N VAR UEBERIL, [FFRC, &5
DA M=y NBRZT DK IIBERIEIC T 4 — R
RNy 7 SNDHHIBIX, NATT ZHIER &M D
HMOBAICL > TERTEDS. 2L, RNy I FTvnE
B & AU CR U AT 2 Fr o 2 BT 2 2 &
W&V, BEmROB X2 FEOIENTHEE L, ZOHERIZ
HESL EROBE 2 LT, Z O HEVER & H1-3
LZHEBMEIT 4 — KRNy 7 EnND L0 ) HlEEETH D,
kY, BfEmEENT AL =2 DFL, Ny
RUDT —h T =25 Ny NERHREEOE) X 22
0, iz, U REZHLANEI L LTV IERY
DTy MIZAR BN T2IREBIZ R hE, AL —#
DFOFEITHAMBIND.

OB, Ny "NRZITDIENEOEE EFINICT
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BEE LT VLI IEREM T T2 5B L EE LN
B, ZHUE, N=F U T YT ¢4 TR I E
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ERRERIED 72 DB R SRR ) 248 L&
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(1) TEERE A~ DIE S D52 7

VEREMBOBIEF EZ KT IUE, YaA AT 17
RRY g EIT K D ATNT L0 VEEHI & BB 5 Ok
L, Master & FEIEAL B VESERER & [6] TR O A J7 35 (& C1E
KM (Slave) % HfEd 2 Master-Slave FiER $ 5.

VaART 4 v I DEE, LA—DANERIZESTY
=V L— X OBSARELHIET L. 2k, B
g Ry bR RO EARN2FTHD.

ZOHROKMIT, TN oBE~DRESEEZ, I
T DL AL R EBER T2 THhD. ZoHK
O BRI 2B EE DNy 7RI THY, KDL /—
LY, T—L T —Ah Ty b - fERZwHR L TR
B, HHREELZRBESE TS, L, 20k
EixuRy b T =000 B, BEINEL Ro s
WV ER M 72 5.

F ZTERENEZDO I Master-Slave F K TH 5. i
nRy hERUEEZ LEZLDOEISHEL, Za#/ER
ELTHWS., XL —2REER R v b OsEiEE B
PR, BERARR Y oSS OB ESEER 2R
v NOZBEEORSMEE D, F¥ESBEE ORIy
iR+ 5 &N LEEITEE . = DOMaster-Slave TR A /N 7
RUWCHEATS L, T—4, 7—4, Xy bt
W) BHENCARERR S TN 7 R T DY “Slave” TH D,
T A U o & RO OBRIES A “Master”
Thb.

(2) ¥ aA AT 4 v 7 FH & Master-Slave /7 200D L
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2 BB EIRL ORI ORIy 7R D) ~DfEm D

HE2HFDAV v b« T AV MZOWTFRROLEEBNE
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7o, METEE¢ 2720, PaAfRT v 7 #iEL
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LRBRIC ANy 7 R OEBEDIREEZ —H THET
XHENE I BRI D.

o ERBHMOTVE A Z OERPEE I
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AL RETE 5008 9 e’k 5.

s T—4, T—h, Ny ho@hE L[ U TERIC
B4 % 5 %2 D Master-Slave 5 3, FHEOEMEEDIF
WMAEBIERIZ 74— Ry 7 F 252 LI2ky, V7
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W27 OEE RN TE S,

PLEDOEE NG, AL TldMaster-Slave 5 2IZ L 5 #h
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) EMFEAEDTZDDATA VH T =—A

TR H > T, ERERIEIC X 2B k0B & 34
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Tz —AIFBREA DO LT &, EEIRSN0T
SVRHEHETHD.

T, FITARNy IRy EHOEX 2Ny N, T
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o JERIHOEIEIT Y v —T ORI - BERELS R U
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o Nb vy N, T— 2y, T—2EOBRER, —o0
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EoEESEL L0 e tsd. oF v ERCETRE S
Z % [MasterZsiE | & EERICTIEEATT O [Slavedki&] %
HE L, Master’)» 5 Slave~ZE A /R LNLERD 21T 9
HER E, ol dwim & C/ERICRE S K7 £ % Slave
7 bMaster~MmET 5 HlER & RIRREAT L CHIE 205
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a) MG A Z 7 Z LA i

b IR RIS A T T T VHIEIE, MasterD 251
\ZSlave & iBHE S5 L 9 [ZMaster, Slaveli & D7 7 F =
T—HEHIHTEHDOTH S, T 70 HMasterlZ N4
U % &, Master & Slave[IZAHXI N 234 U5 A%, DM
KB Z0 12T D & 9 ITMasterds L USlaveZ il L, 7
FITERE) NV, PR MLV BRASHE D L) IHIET
HHDTHD. TNEINHEAL T T TVl & RS

ZOFRKTIISlavell BRIAMN D IEIE LZHATYH, £
O IIMasterlZHIR N E LTT 4 — Ry 7 &5, 2
D FFRITSlavelZ 23032 & FHUT 2 MLENMEL, HIEAR
B CLEME DBV, B4 11SHERIAA T 57 5 L
O % R T.
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g HES RS

E-4. 11 KRB AL T F L HIE

b) 71 ER S A T F VA
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ZENLT B Slave DAL E R DHIHI 54T 5 — 5T, SlavelZ b
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ORI A F 7 F VHEIETIE, 28067 & J) DRI il
LR BBURD AL L TV AMERDH D, ffENE X
HILTHENM LIZ WEEIZITEH T Zav. Syl
3, ZOXIBRARRBEMRRT HI-0IZ, EESlavel]D
EZ I L C, £ D% MasterOFR NI EE 5 b
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HEL Y
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LEBIRAR & 72 B 700

o WERITWEMICHREZHESETRY, BRI
EHH ST D OIS N8, S HIE T
NEETH 5.

DX DI FHME ROy 7 R TS HTIR O il %
T DEE, FNEIUSTRO L D RMEREET D L
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o SlaveRNAMIZ Lo TELEIELNEZ L THL
— X R A R 2 X O RS A T T TV
WTIE, ZOXIBRKRENCEDEw T REIEOHR
HIIEE, ©FE D SlaveNARIZ L - TEIE L Z2WEEIC
B A MW+ 5 2 LIXREETH D

. FERIR A Z 7 ZVHIFEIClX, SlavelZ AR 23037

572V INE Y MasterlZ X —HIOME I IZH 1 ST,

BHIZANTHZENTED. EHIEANYIHRUD
DB T2 O AJTITIBHE T X 97, Master-SlaveD[H]
WALEOFERBRA SO NN Z ERTIREIND.
DFEV NGy NBGITHL LT 2 L R L%
DK )% Master CHgrm L72 & LT, ALiEOFEBRY
FEIEN & EDALE TR L IO R R & 5.

EDZ &b, KAy 7 RY OEBEIEICNA T
7 T VAR &2 EBRICE 9 5 722k, <00l
Rtk a BRRICHERR L, XIREL & 1Bl o & &« DRt
BB DR, TT IO TEERR T2 &
BUETHD. T, Ny 7 RvEERIE~OmE M
EWALET D720, MOBRIC L B EEREITO L L
L7,

6) Ny 7 7R OEBF SR

FHICHN SN TV D E Y Y > X3 X DN
BIZL A LEmSEERENBNZ L 2B E L, AT
FREEAORIEE Y A —AXTICLDETIVY VXL L
7=, F7-, BEiAEREECFELTRT v a A—X
AEREL, AEESEBRNDETHAESIEE L, #
ERIEIIT bR, F7n, AEROMGIIE B AED
IR OMFTE T OBSIEDOKRAETH Y, fER, Bo#i:
xtg e Uiy, -4 13ICENEAZ, -4 14123y 7
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X-4.14 Ny 7R 7nr MEET IV

N 7R OYEEEAR & REN T, BRI OEIZ LY
AT 5. BEIEEST Mql Ay RO E RS
BRI ML r ORI

r=1(q)

WCE-oTEREND. q BEADNT L XXz KD DI
ZNEES R & RO, 13 52 Hiviz & ZqE Rk B RE
Z SRR R & 5.

-4 14" Tx2 PN ZEI Ny I RT DT — A - T
— LNy MZOWT, BfiZEA <2 ML q=[01, 02,
03] SALELRBERY ML r = [x, z, 0] (BT BIEES)
SERAE & WOEEVRRIE N TR D, 2L, iEN Ty
b xDRTHTHD.

JIE By R = A Bk O ERL & D

(4-1)



x=1L,cosf, +L,cos(6 +86,)+L,cos(f, +6, +6,)
z=1L,sin6, +L,sin(6, +6,)+L,sin(6, +6, +6,)  (472)
0=06+6,+0,

LB ZENTED. RICHEB)FERD D,
L’ ={L sin@+6,)f +{Lcos@ +6,)f (4-3)

12 (4-2) 2 RN LB 5 &

(z-Lysin@)sin @, +(x-L, cos@)cos 6,

~{z-L,sin 0 +(x-L, cos)* +L -1, }2L,) (4-4)

L7eb. T,
asinc+bcoso =c (4-5)
DRARR SIS B & &,
¢ =atan 2(a,b) (4-6)

LESE, ZABRKOAEILY

cos( p-0)=c/+f(a’+b?) (4-7)

sin( ¢ -o)=t+f(a’ +b° +c ) Na’ +b>) (48

L7220, ol

o =atan 2(a,b)—atan 2(va® + b2 +c*,c) (4-9)

ERED. LIER-T,

a=z-1;siné

b=x-L;cosb

c= {(z -Lysin@) + (x- Lycos6)? + L -LZZ}/(le)
o=6

LELZLICEY, RU-DITL-TOLEED. FEFEICL
T)

L2 =(L,sin6) +(L, cosB,)? (4-10)

W2 (4-3) OBMR AN LEEHT 5 &,
(z- L sin@)sin(@, +6,) + (x- LycosO)(@, +6,)=d ~ (4-11)

55, L

d= {(z - Lysin@) +(x - Lycosd) - L,> + Lf}/(sz) (4-12)

Thsn., Znky,
6, =atan 2(x~a’+b*+c’,c)
—atan 2(FJa’ +b> +d*,d) (4-13)
55, 031%
6,=6-6,-6 (4-14)

TR®OD. (4-13) ROERIZ DB ZFE - L &R
LCWBR, Ny 7Ry 084 BIE O Al BhEE 23 RE S
NBTOHBNIAREL 72 5.

(A T T T NANZE TR X5 B EEER

FEBRITRIAR30mmOD £ % RITARE T /U L DA, %)
LAEEDOEREIT, MIRBNA T 7 T VI L Fifink
B SA T 7 TN OWT, RN & B o785 % 71
HLT.

a) KBRS A 5 Z VHEIBNC 31T B HaErE

A PR T CldMaster-Slavelt] THLIE D 7453 & Bl 2 5 1)
HAODEH LFEIOBRA R E < il d 2 LN W
REORFHIIBELS THD. £, SlaveNAMIZ L D IFIE
LB ETHRERTH Y, BIEDEOHE/EER O
BZELTWDEERD.

b) XIGHUNA Z 7 F VHIBINZ 35 F 5 B2l DR
Pefi A R 51T Slave N ARIT L VIR LA < TiX
BT, BB ERT D L 5 7ZeREIVESE Clrasih 2 1
Wri25Z EIXRETH D . F7=Master®D H 713 5 I
B DZEFITHHIT D72, SlaveSRUIIEIE LIZHATH
Master-Slave DB AS K E K 7D ETAN ZMfFE LT L
Folt. DFEVEMOBBIITIF A LT TNELTZ.

c) NWFEBINA Z 7 FOVHIENZ BT 2 HEE
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