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ABSTRACT:

Taiwan currently has approximately 3,200 box girder vehicle bridges. Internal inspection is essential for ensuring bridge
structural safety because the condition of internal components cannot be visually confirmed from the exterior. However, the interior
space of the box girder is narrow, poorly ventilated, and dark, classifying it as a high-risk confined space. Consequently, traditional
manual visual inspection must strictly comply with regulations such as the Occupational Safety and Health Act, which leads to
increased manpower requirements and higher costs. Furthermore, visual inspection heavily relies on personnel experience, resulting
in insufficient data objectivity and consistency.

This project aims to compile the practical difficulties and technical bottlenecks encountered in bridge box interior inspection,
preliminarily explore the feasibility of developing auxiliary tools, and propose subsequent R&D directions. The study analyzed the
technical feasibility and application potential of auxiliary systems, including Unmanned Aerial Vehicles (UAVS), ground/tracked
robots, rail-mounted cameras, and wearable devices. The conclusion indicates that the introduction of such smart inspection systems
is highly necessary and feasible, as it can effectively reduce inspection risks and significantly enhance inspection efficiency and data
quality. The core technical challenge lies in overcoming the GPS-denied, feature-lacking box interior environment to achieve robust
autonomous navigation and Simultaneous Localization and Mapping (SLAM). Therefore, it is recommended that future R&D focus
on developing active SLAM algorithms and integrating Al image recognition technology to achieve precise damage quantification
and spatial annotation. The expected R&D outcomes can substantially reduce the safety risks for personnel entering confined spaces,
lower long-term bridge maintenance budgets, and enhance bridge inspection quality and efficiency, thereby improving bridge traffic
safety.

Research Outcomes and Benefits:
1. Completed the compilation of problems and technologies related to bridge box girder interior inspection, outlining practical
difficulties, thereby laying the foundation for subsequent research and development.
2. Proposed feasible solutions and preliminarily assessed the benefits and feasibility of tool development.

3. Expected auxiliary tools can substantially reduce personnel safety risks and significantly improve inspection quality and
efficiency.

Application Scenarios:

This study serves as a practical reference for the subsequent execution of periodic inspections for box girder bridges. It is
intended for central government authorities (such as the National Land Management Agency of the Ministry of the Interior, and the
Bureau of Highpower/Freeways and Highway Bureau of the Ministry of Transportation and Communications), local governments,
and the engineering consultancy firms or contractors responsible for bridge inspections.
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