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ABSTRACT

This study presents an automated deterioration detection and deformation
identification system for bridge structures using RGB point clouds and artificial
intelligence. Light Detection and Ranging (LiDAR) and high-resolution cameras
captured three-dimensional geometric and visual data to build these models,
supporting structural health monitoring and maintenance decisions. The methodology
comprises structural geometric analysis and deterioration identification. For geometric
analysis, the iterative Closest-Point algorithm aligned multi-epoch point clouds. Cloud-
to-Cloud and Multiscale Model-to-Model Cloud Comparison techniques evaluated
vertical, horizontal, and torsional deformations. The system successfully detected a 2-3
mm horizontal displacement in rail bridge piers across different periods. This result
aligned with historical pile movement estimations, proving the high resolution and
practical viability of the Multiscale Model-to-Model Cloud Comparison method. For
deterioration identification, a PointNet++ deep learning model performed semantic
segmentation on bridge components and surface defects. Component classification
achieved a 93.4% overall accuracy. Moreover, identifying concrete spalling achieved
an 80% precision, resulting in strong accuracy for area-based deterioration. Crack
identification remains challenging due to their slender morphology and point cloud
density limits, highlighting a need to optimize artificial intelligence feature extraction for
micro-defects. Ultimately, integrating high-density point-cloud modeling, time-series
deformation monitoring, and artificial intelligence semantic segmentation proves the
feasibility of automated bridge inspections. These results provide a technological
foundation for digital twins and smart structural operations, potentially evolving into
intelligent bridge management systems driven by multi-modal data and deep learning.
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