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Visualization of Multiple Spatial Data using a Game Engine for Route Navigation Planning of Autonomous Boats in Urban Rivers
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[bookmark: _Toc498243632]ABSTRACT
This study aims to develop a 3D map that supports safer ship navigation to utilize urban river spaces for disaster prevention, material transportation, and Mobility as a Service (MaaS). Although open 3D urban data have been developed under Project PLATEAU of the Ministry of Land, Infrastructure, Transport and Tourism, data on river spaces has not yet been developed enough. Therefore, we examined 3D data acquisition on river spaces using a boat. We also verified the feasibility of multiple spatial data visualization using a game engine for route navigation planning of autonomous boats in urban rivers. First, we acquired point clouds using a water-borne MMS consisting of RTK-GNSS, SLAM-LiDAR, and multi-beam sonar mounted on a battery-proprlled ship “Raicho I”　at an urban river in Tokyo. Second, we prepared open 3D urban data (PLATEAU data). Third, we integrated all acquired and prepared data, such as land point clouds, underwater point clouds, and PLATEAU data using a game engine (Unreal Engine 5.2.1, Epic Games). As a result, we confirmed that our approach can reconstruct river spaces. However, parts of underwater point clouds were distorted under bridges because of non-GNSS positioning environments. We also confirmed that the Unreal Engine required high storage capacity and graphics performance. As applications of the research results, we proposed use cases using a game engine, such as avoidance of stranding caused by tidal changes, collision avoidance with underwater obstacles, and collision avoidance with land structures. Our future works include a boat behavior estimation using a physical simulator.
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