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a Proposal of Stereo-vision Based Docking System for Battery Recharging in Real Sea
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A recharging unit with an underwater docking function can enable the extended operation of AUVs in the sea
independent of a surface vehicle to which they must return for recharging. Many studies have been conducted on
underwater docking. However, a number of challenging issues hinder these applications, which require high accuracy
and robustness against disturbances that occur in actual undersea environments. To overcome these problems in
underwater vehicles, we have developed a vision-based docking system using stereo vision.

This thesis made some contributions to deal with the docking approach for AUVs. A “3D-Move on Sensing” (3D-
MoS) system using stereo vision for real-time pose tracking was developed and presented in the first part of this thesis.
Most of other approaches for object recognition are based on 2D-to-3D reconstruction that can address some issues such
as expensive computation. In contrast, real-time 3D pose estimation by 3D-to-2D projection using known information
of a target 3D marker is proposed, avoiding the effects of incorrect pair points, whose problem arises in 2D-to-3D
reconstruction process used as usual image recognition processes. This work presented “Real-time Multi-Step Genetic
Algorithm” (RM-GA) for real-time estimation of the robot’s relative pose. Regulation performances against physical
disturbances and occlusion were verified by conducting visual servoing using an ROV in the pool. The experimental
results are given to illustrate the effectiveness of the proposed system.

A novel docking approach utilizing proposed RM-GA and designed docking strategy is presented in the second part of
this thesis. The final stage of docking at a unidirectional docking station requires the AUV to approach while keeping
the pose (position and orientation) of the vehicle within an allowable range. Up to now, there is no study for docking
using two cameras with centimeter level accuracy. To prove the functionality and possibility of proposed docking
approach, dual-eyes-based docking system using a passive 3D marker was implemented and verified experimentally by
conducting docking experiments in the pool and real sea. The results proved that the proposed system is effective and
feasible for underwater battery recharging. However, when AUVs must operate in unstructured environments such as
near the seafloor, the most challenging and unavoidable problem with the autonomous operation of AUVSs is turbidity
limiting optical visibility. For this reason, the verification of the turbidity tolerance of stereo-vision-based 3D pose
estimation system for underwater docking applications is presented in the third part of this thesis. This thesis discusses
how and why the RM-GA is well suited to effective 3D pose estimation, even when turbid conditions disturb visual
servoing. To demonstrate the practical usefulness of the RM-GA and verify the performance and tolerance of the
proposed system under turbid conditions, docking experiments were conducted in a turbid pool and a real turbid sea
environment. The experimental results verify the robustness of the system against turbidity, presenting a possible

solution to a major problem for the AUVs.
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