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Current-adaptive docking station

for building submarine recharging system of underwater robot

Kohei Yamashita,
Horng-Yi Hsu,

Mamoru Minami,

by  Yuichiro Toda, Member
Takuya Monden,

Kazuhiro Saito,

Summary

Aiming at developing underwater battery recharging system, we have been researching on automatic docking of an
underwater robot using stereo-vision-based visual servoing and 3D marker. The docking function deems to be an important
role not only for battery recharging but also for other advanced applications, such as information transmissions. The authors
have proposed a optical docking system and conducted real sea experiments to verify the practicability of the proposed
docking system composed of stereo-vision-based 3D pose (position and orientation) realtime measurement system. The
docking experiments have forced laboratory members to endure heavy burdens of preparing, conducting, and dismantling
the experimental devices at sea, which hinders the efficiency of experiments at real sea. To improve the efficacy, firstly, the
authors report that permanent stage for underwater robot experiments has been constructed on a shallow sea. Secondly, we
propose a docking station that can adapt and change its docking direction to the current direction, through which the burden
of controlling the underwater robot’s heading can be reduced. Thirdly, the effectiveness of the docking station adaptive to the
changing current direction has been proven by successful repeated docking experiments in the environment with fluctuating
current and turbidity disturbances in real sea. This also has shown that the combined system of the stereo-vision based
3D pose estimation and the current-adaptive docking station can improve the adaptive abilities against current changing
disturbances, having shown the practicality of the combined system has been enhanced.
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Fig. 1 Problems caused by changes in ocean current
direction
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Fig. 2 Permanent stage for underwater robot exper-
iments and installation procedure and the lo-
cation
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Fig. 3 Docking layout
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Fig. 4 Docking layout
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Fig. 5 ROV (Remotely operated vehicle)
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Table 1 Specification of ROV

Operating depth [m] 150

Dimensions [mm] 450 (W) x 600 (L) x 395 (H)
Dry weight [kg] 20

2 (Horizontal),

2 (Vertical and Traverse)

30 (Horizontal

and Vertical and Traverse)

2 (Forward, 70 W),

1 (Downward, 75 W)

Number of thrusters
Max. thrust force [N]

Number of LED lights

Table 2 Specification of camera
640 [pixel] x 480 [pixel]
(0.00638[mm /pixel])

Resolution

Angle of view 80.4° x 64.9°
Focal length 2.9 [mm]
Frame rate 30 [fps]
Distance of cameras 178 [mm]

Camera direction Along to x axis
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Fig. 6 Active 3D marker
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Fig. 7 Flowchart of the 3D pose estimation using
RM-GA
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Fig. 8 Construction of solid 3D model to estimate
pose of 3D marker
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(B)
Table 3 Experimental environment in the preliminary
experiment

Date 8/21/2019
Time 20:26 ~ 21:34
Turbidity | 1.2~2.2 [FTU]
Wave hight 1~4 [cm)]
depth 1.6~1.7 [m]

3700 [mm]

© 1
03 - (A)
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1400 [mm]
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Fitness value
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(C) Fin part

°
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N~ Time [s]
Top View

60
—— Encoder

50 ™ — = - Motor

Orientation angle of station [ ]

Front view

(D) Rotational docking hole and 3D marker . .
Fig. 10 Experimental result of successful repeated

docking experiments using the prototype of
the current-adaptive docking station. (A) Fit-
ness value, (B) Position along x-axis direction,
(C) Orientation angle of the rotational dock-
ing hole

Fig. 9 The prototype of current-adaptive docking
station. (A)Over view (B)Drive part (C)Fin
of ocean current sensor (D)Docking table
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