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An Experimental Consideration on Control of a ROV for Lifting Objects

by Hideyuki Suzuki, member Koichiro Yoshida, member
Hideyuki Tanaka, member Hideharu Nagai, member

Summary

ROVs with computer aided trajectory control and acoustic feedback sensors will be needed for lifting
and transportation of objects related to the underwater activities such as inspection, installation and
repair of offshore structures. Especially in deep seas, environments are hazardous for human and ROVs
become very ‘useful tools. These ROVs are also demanded in the activities related to huge offshore
platforms for space utilization. In the repair and inspection of such structures, the amount of works are
expected to be so large that without these ROVs the works can not be accomplished.

These ROVs are thought to have relatively complicated configurations due to large thruster, and the
dynamics will be highly nonlinear and have uncertainties in their dynamics compared to the streamlined
vehicles. The nonlinearlities depend on velocity, and hydrodynamic coefficients are poorly known.
When such system are controlled, control method must be able to handle the nonlinear dynamics and
uncertainties in parameters which depend on the motion of ROV. Gain-scheduled technique which uses
a set of linear controllers for different combinations of speeds and directions of motions, can handle
these problems. Although theoretically possible, the number of linear controllers become so large that
this method is not practical. Another technique which is able to handle the problems and adopted in this
paper is sliding mode technique. If the bounds of uncertainties in parameters which determine the
dynamics of ROV are known, the technique can incorporate them in the formulation and allows
uncertainties in the system. Dynamics change in ROV caused by lifting objects can also be treated as
a uncertainty in parameter and control is expected to be robust.

The trajectory control of ROVs is examined experimentally by model basin test using a small ROV
with four thrusters. Surge and Yaw are controlled by two thrusters in horizontal plane. Heave and
Sway are controlled by thrusters arranged diagonally in vertical plane. Ultrasonic positioning system
was developed for the basin test. The ROV used in the test was relatively small, and high accuracy of
one millimeter order was required for the positioning system and realized by using ultrasound of high
frequency.
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Fig.1 Coordinate system.
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Fig.2 Definition of Euler angles.
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Fig.3 Creation of trajectory by interpolation.
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Fig. 4 Relation between locations of transducers and
receivers.
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Fig.5 Experimental system.
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Tablel Kinematic parameters of thruster.

Length L (cm) 16.0 i
Diameter D (en) 5.0
Hiss m {kg) 0.55
Volume V {cte®) 265
Moment of Lxx{g-cn?) 1500
inertia Tz2(g-ca?) 6200
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Fig.6 Thruster.
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Fig. 7 Relation between thrust and driving voltage.
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Table 2 Kinematic parameters of ROV.

Mass m (kg) §, 425
Volume V{ca?) 5425
Center of Yo (8) -8. 01
Eravity Yo (3) 0.0
Ze (1) 0.05
Center of Lo (n) -0.01
buonncy Yo (2} 0.0
1o (n) -0.01

Ixx (kg-22) 0.06202
Tyy (kg-02) 0.04656
Iz {kg-n?) 0.07122
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Kowent of
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Fig. 8 ROV for experiment.
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Table3 Added mass and drag force coefficients of
ROV.
[ kg kg-n?
nax B, | T ¥ la.
4,335 1.315 5.115 0. 10678
kg/s kg-22/s
,7 tx cy cz cr
11.8 13.4 13.9 0. 186§
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Fig.9 Ultrasonic ranging system.
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Fig. 10 Transducer.

T, 200kHz—1MHz D Sy K27 4 V7 —2HKL T
MEOREEM -7, 3EBEOHIBHEOBIEEIX 40d4B
T, WEROT7 Fu g8 %27 V5 VEBCEHRT 2EEBA
FHRRESODEBELEL TV, 7HO s -7 4 V5 NLEH
EREE, ANCLEWEE2RELTCIOLSWEREZS
ANBBIHLTEVDT 4 SNV ARFESE, T
AV ra—7—ZEFEEXD, LEWESH
ETHIERE-T, BEBINET IRIMEST2BRET
B EDHRD, i, REZEBCHL TIE, FIEEE
BOFENY PR T 4 VY —DBEACE LT v T 7 —
F—IiZ&koT, BEELZELEETHIEL 72,

AEBETHVIRETFIZ, PCM EEWSEME LB W
DT, BICEEEICR AV —BEFFLTEEME~<
Aza7xyARFEROR, £, THEEEEAYTHR
HeREIRIWDIZ, % Fig. 10 1R T & 5 123K
ke L, IRBFEREICTLROEIES B L THAMT
Lice CCTERLAE S v 7 RBFHEEOIEE R
X, 1MHz TH 2 05KPTEBICHELZ £ 254250
kHz TH -7z,

5.5 K&

KR RFEARFE LEEMIOEYE TR ERE BT
TN IC B W TIT ol 2 DKIEIR Fig. 11 1R &
IRRES5.IMXIESImXFEZ1Im T, dLBPRIES
1.2m,182.2m DERFRI 7D 0T, BEHRRHEH LD
OAREOREO—IICBREM 2 E 72, BEKRZEEXN
DEICEEL, EHEEEEREZEL, RELEE
Bk <, XER L ZEBOEAMD 720D Heave, Yaw,
Sway EENIIHIRAH 712, T2, KE, AEESZ L
BEREMERO G o DICRESTFHEL Fickx <,
BERKC X IBEHBOMBEE 32 LRI AR T 2
ZeBbHol, Z2ITHAMBEREL LT, BEROBE
R TROFHEEITI 5L, S8, EEBIOHA
EITOLE TROBREZE CChHOEE 72 L LT
BRL, ZORR—BOFE%5Hz TIT5 2L 2% -

720 ‘

HEBRIEER T 4 SINVTANT—2HNT /4R
EREL, ML TRERRD /2, #ABEO Pitch & Roll
OEFABVTAL 1 PBRELEL, /4 X2BETS
127 4 VF — 25 Flle 3 L UHER 4L, By
Fru— ) EBEHERL, 740V —OFf»RHIZEER
EITORSSHRD Iz,

BkBEC S 2 7283813 Fig.12, Fig. 13 0 2589 T, Ei
WETER B TB &, BBk V-7 —ENAL
o7z, Fig. 12 DHE TRV ED» 5, s, 8
EL, ERL, EEd, anmssmBELTS LOME
IR 3 3ITTEE T, Yaw LIS &S € — P O#ii# % 7 X
FT2bDTH5B, Fig. 13DHBETRALEOYEE-BEE
TERDLOT, Hui UL 3YIHGIE, S, gL, AS
DFFATTHu-7AEIEL, BO»IZHIELT7 v 7 2k
HY, ERLTRITY, BELT, BATHERET2

L, BBRLTLEDMEBERRE>TL2bDTH %, #HAL

YHED~TEE 5em X5 ecmX25 cm, EEi3 530 g THINE
ELE0TH1kgDb DT, KHEEIZ60g TH 5, Wtk
DEELEABEDKT 10 % & HEHIA & < BKED 5 A F
27 RCEENDD, HHOO X M, X5 IS4 )
37 ANBT BUMEERIC, A4 F 12— EH
WHEIENICE TE 208 & N2 8D TH S, YRR

:
:
]
PR

" trajectory 1

7’

Zo

Fig.12 3D trajectory for basic test of control.
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Fig. 13 Trajectory for object transportation control.
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Fig. 14 Surge of ROV in basic test of control.

Fig. 15 Sway of ROV in basic test of control.
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Fig.16 Heave of ROV in basic test of control.
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Fig.17 Surge of ROV in object transportation control.
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Fig. 18 Heave of ROV in object transportation control.
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