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Abstract: This paper presents a control and operation system for a remotely operated vehicle (ROV).
The ROV used in the study was equipped with a manipulator and is being developed for underwater
exploration and autonomous underwater working. Precision position and attitude control ability is
essential for underwater operation using a manipulator. For propulsion, the ROV is equipped with
eight thrusters, the number of those are more than six degrees-of-freedom. Four of them are in charge
of surge, sway, and yaw motion, and the other four are responsible for heave, roll, and pitch motion.
Therefore, it is more efficient to integrate the management of the thrusters rather than control them
individually. In this paper, a thrust allocation method for thruster management is presented, and the
design of a feedback controller using sensor data is described. The software for the ROV operation
consists of a robot operating system that can efficiently process data between multiple hardware
platforms. Through experimental analysis, the validity of the control system performance was verified.
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[Fig. 1] KRISO Intervention ROV

[Table 1] Specification of ROV

Item Specification
ROV Dimension 0.9 x 1.1 x 1.2 (m) (W x D x H)
ROV Weight 248 kg (in air)

Horizontal : Forward 17 kgf,

Thruster (Tecnadyne Backward 10 kgf
Model 561, 541) Vertical : Forward 9.5 kgf,
Backward 9.5 kgf
Depth (Mensor CPT9000) | Accuracy: 0.008% IS-33

IMU (Advanced Accuracy: linear accel. 0.00012 g,
Navigation Spatial FOG) ang. vel.: 0.8%hr

DVL (Nortek DVL 1000) | Accuracy: linear vel. 0.1% £1 mm/s
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[Fig. 2] Software architecture of autonomous driving mode
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[Fig. 5] Configuration of thrusters: (a) shows the configuration of horizontal thrusters and (b) shows the configuration of vertical
thrusters. «v,_, means the angle between the horizontal thruster and the y axis of body fixed coordinates. 3, ; means the angle between the

vertical thruster and the z axis of body fixed coordinates. d,_; means the distance between the axis of propulsion and the center of mass.
a4 =45° 354 =5°% d; =0.3443 m, d, =0.4561 m, d; =0.4619 m, d, =0.3490 m, d; ; =0.5027 m, d; , =0.4454 m.
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Step response in Yaw

Amplitude

. . . .
10 15 20 25 30
time[sec]

Measured and identified model output(in Yaw)

Amplitude

. I . . .
0 5 10 15 20 25 30
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[Fig. 6] System identification in Yaw : (top) Experimental result
of step response, (down) Output of identified model
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[Fig. 9] Result of path tracking experiment. (a) is a video capture and visualization taken during the experiment. (1) was taken from the
ground and (2) was taken with an underwater camera mounted on the wall of the tank. (3) shows the result of capturing the inside of the
tank using a camera mounted on the ROV. (4) shows the result of the visualization through Rviz, it based on navigation data. (b) is the
path tracking control result. The position z,y, z, and heading are controlled, the red line is the navigation feedback data, the black line is
the reference to follow, and the black is the position and attitude at the goal.
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