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URI-T can perform various underwater construction tasks such as cable burial and maintenance. Successful sea trial
results show that URI-T could be used in underwater construction fields. To improve the efficiency of URI-T, an assisted
teleoperation scheme for underwater manipulations was also proposed. For the proposed scheme, by touching several
points on the touch screen, one can move the manipulator to the target; it can reduce the burden of teleoperation of every
degree-of-freedom (DOF) of the manipulators. The scheme also has a position estimation technique that can estimate six
DOF position of the objects using 2D positions on the two images from cameras deployed in stereo. Via touch screen, the
2D positions are fed to guarantee reliability of the estimated results, which is one of the most important points in the
underwater interventions. A control structure for the assisted teleoperation was investigated using the position estimation
technique. The structure involved an inverse kinematics scheme based on the weighted damped least squares, which can
resolve the kinematical limitations: workspace limit and singularity, and joint limits on position and velocity. This study
established that the proposed assistance technique could significantly reduce operation time in comparison with the

conventional teleoperation.
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Fig. 2 Schematic diagram of URI-T
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Fig. 3 Operation of vertical thrusters in URI-T
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Fig. 4 Water-jet system included in URI-T
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(b) Underwater cable maintenance test

Fig. 6 Performance verification in shallow sea

Fig. 7 Performance verification in the sea of 500 m water depth
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Fig. 11 Overall control structure for assisted teleoperation
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Fig. 12 Graph of cost function in Eq. 29
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Table 2 Detailed description of the task

Step of Task Description

Full tele-op. Assisted tele-op.

#0 Initial posture Gripper is closed

Robot looks forward (same posture in left picture of Fig. 13).

#1 Approaching Moving robot to the tool Manual® Assisted”
Opening the gripper
#2 Seizing Delicate positioning of robot to seize the tool Manual Manual
Closing the gripper
Moving the tool to the cable
#3 Moving Delicate positioning of the tool on the cable Manual Assisted

Opening the gripper(laying the tool on the cable)

a) Manual: operation using conventional method (operator generates commands for every DOF of the manipulator)
b) Assisted: operation using proposed assistance algorithm (operator generates command using touch screen inputs)

Experimental setup mimicking ROV Real setup of ROV(URI-T)
—y v - . .

B
Cameras deployed in stereo
(for touch screen input)

Mimicked rnmﬁ- of

grippit ng t tool

Fig. 13 Experimental setup
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Fig. 14 Box plots of experimental results
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Table 3 Detailed description of the task

Approaching Seizing Moving Total
D Avg. time of full teleoperation (sec) 55.57 22.33 66.60 147.69
@ Avg. time of assisted teleoperation (sec) 29.53 20.46 56.07 106.06
@ -@)/D *100(%) 47.0% 19.3% 15.8% 28.2%
p-value 0.0013 0.0755 0.0462 0.0024
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