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Abstract

A variety of robots has been studied and developed for undersea exploration. One of the applications for undersea
exploration is mining of undersea resources such as methane hydrate and rare metal by Autonomous Underwater Vehicle
(AUV). To extend active duration time of the robot in the sea, a system through which the AUVs recharge autonomously
batteries is a key technology. Our reseach group has confirmed in a pool environment the dual-eye visual servoing system
made a pole attached to the vehicle dock into a hole. This experiment simulates situation where the vehicle approaches
recharging station under deep sea. But previous studies were conducted with ROV (Remotely Operated Vehicle) that
is controlled by remote computer instead of human operator. In those experiments, power cables affected performance
of control accuracy. Therefore the performance of visual feedback with AUV named Tuna-Sand2 that is compeletely
indepent from cables or wires and has a general structure of modernized AUV system, has been verified to confirm the

practicability of dual-eye dockig system.

Keywords : Visual servoing, Genetic algorithm, AUV
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Fig. 1 AUV named Tuna-Sand?2 that equips dual-eye camera, docking pole, and a computer called “GA-PC” used
for position estimation, is shown, which has 6 thrusters and IMU sensors.
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Fig. 2 Tuna-Sand?2 and container for personal computer which captures image of both camera, estimates pose of
maker and commands movement of AUV.
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Fig. 4 Docking station structure which includes 3D maker, a docking hole, cameras to observe experimental conditions.
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Fig. 6 Coordinate system of Tuna-Sand2

Fig. 7 Target and model object in 2D image: solid three spheres are ones of real target and dotted spheres are of model
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Fig. 12 Desired trajectry of Tuna-Sand2 in experiment and appearance of Tuna-Sand2: From (a) to (h), appearance
of experiments are shown during movement of trajectry which is illustrated in (i). Terminal positions of
those trajectry are described in Table 1.

Table 1  Points for desired trajectry of Tuna-Sand2 in Fig.12. Coordinate system of these position is Xy that is
drawn in Fig.12

symbol in Fig.12 x[m] | y[m] | z[m]
start point 0.0 0.0 0.0

initial position of path (a) | 0.0 00 | -4.0
initial position of path (b) | 0.0 20 | 4.0
initial position of path (¢) | -2.0 | 2.0 | 4.0
initial position of path (d) | -2.0 00 | 4.0
initial position of path (e) | -1.2 | 0.0 | -4.0
initial position of path (f) | -1.2 | 1.6 | -4.0

initial position of path (g) | -1.2 | 2.1 | -1.8
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Fig. 13  Measured trajectry of Tuna-Sand2 by GA-PC with RM-GA: Fitness value is plotted in (a). When fitness
value is low, reliability for measured position is lower. Control mode explained in subsection 2.3 is plotted
in (b). AUV positions in x,y and z axes are plotted in (c), (d) and (e) respectively. Also, rotation angle
around z axis is plotted in (f). When those control variabls were converged in acceptable range on visual
servo state at about 83 second, docking behavoir are excuted.

Fig. 14  Measured trajectry in three dimension. Starting point of visual servo and docking end are connected with
cloud of dot which indicates trajectry of AUV.
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Images captured by camera on Tuna-Sand2 and recording camera: Images both camera of outside and

onboard of AUV are capured during experiments. Esspecially, it can be confirmed from image that end of

pole exists in docking hole at time (E).
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Fig. 16 Recording position data in Tuna-Sand2: (a) position in x axis, (b) position in y axis, (c) position in z axis
and (d) angle around z axis are illustrated.
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Fig. 17 Intersection of distribution map of fitness value for each situation: Upper graph indicates fitness value with
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Fig. 18 Quotanion (a)€; around xpy, (b)€; around yy, (c)€3 around zy are illustrated. It can be confirmed that
rotation angle around xy and yy are stable that are out of control targets.
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Fig. 19 Fitness value of all GA genes. Some genes concentrate in higher fitness range. On the other hands,
other genes distribute in lower range. That is required for tracking ability against sudden change of target
position.
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