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OWEZEE / Theme of Research

Navigating in an open, unknown underwater environment poses a multitude of challenges due to factors such as lack of radio signals,
varying light conditions, and water turbidity. However, human divers have surpassed these challenges and are able to successfully
navigate using human vision and tools such as depth gauge, compass, etc. The research aims to understand and implement this process
of navigation to autonomous underwater vehicles (AUV) using computer vision as the main factor in decision making. To test the concept,
a part of the process was implemented -- estimating altitude. Knowing the altitude is important in navigation to avoid obstacles and
maintain a specific distance from the seafloor during survey missions.

OWMEMEE / Outline of Research

Seafloor stereo images with Inertial Measurement Unit (IMU) data were readily available through a previous research in the lab. Thus,
there was no need to create a new rig to gather data. The focus was then placed on creating an algorithm for altitude estimation. The
proposed algorithm consists of three steps -- depth map generation, histogram generation, and filtering. A simple Python program was
implemented. One dataset so far has been tested where the AUV followed a specific survey path.

In addition to creating an algorithm for altitude estimation, the researcher also tried to gather information on how different existing AUVs
navigate and accomplish missions. This includes the 2 AUVs of the adviser's lab and 3 AUVs from University of Tokyo.

O@WZERE / Results of Research

The proposed algorithm was able to estimate the altitude with a 0.09m errror. This was tested on a constant altitude dataset at around
1.5m. When the AUV changes altitude rapidly, such as when it dives up/down, the error increases by 0.5m. This is due to the depth map
generation where features are harder to detect when the camera is farther away from objects because of water turbidity.

As for how other AUVs navigate, the researcher has looked into the ff.

> DaryaBird/ Kubik (Kyutech) — Dead reckoning using DVL and IMU

> TunaSand2 (Kyutech/Todai) — Waypoint using DVL, INS, GPS

> Tri-Dog 1 (Todai) — Waypoint using DVL, Gyro, GPS; Localization using 2 Landmark pingers

> Monaca (Todai) — Waypoint using upward-mounted DVL, INS for ice tracking

@45t#OEE / Further Research Plan

The altitude estimation algorithm will be improved in two ways — image enhancement and improved filtering. It is possible to improve the
depth map generation by first enhancing the images. Additionally, Kalman Filter for state estimation is an entry level state estimation
algorithm. The researcher would like to test more sophisticated algorithms such as Particle Filter or even Neural Networks for this.
Additionally, due to the knowledge exchange done with JAMSTEC and Todai, the researcher has further confirmed the vast possibilities of
underwater robotics technology — from underwater earthquake detection to miniscule molecular sensors that can be attached to
AUVs/ROVs. These possible applications will be shared with the appropriate people in UP.
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@MEIEEMM=E / Outline of Research
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OWMEHEMR / Results of Research
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@OEPEXREXDFERR / Activities of International Student Exchange Program
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G®%#OEE / Further Research Plan
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with Prof. Kim and Ms. Shinohara of Fujii Lab, University
with Prof. Fujii of University of Tokyo of Tokyo

Zoom meeting with Mr. Nishida of JAMSTEC with Prof. Maki of University of Tokyo




