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With the aging of infrastructure worldwide, the long-term
durability of bridges has become a pressing concern for
both engineers and policymakers. In countries like Japan,
where many bridges were constructed during the rapid
economic growth of the mid-20th century, maintenance and
rehabilitation needs are increasing year by year. Traditional

inspection methods, which rely heavily on manual visual

assessments, are time-consuming, labor-intensive, and often



subjective. As a result, there is a growing demand for more
efficient and objective approaches to evaluating structural
conditions and prioritizing maintenance actions.

In recent years, sensor-based monitoring systems have
gained significant attention as a means to collect real-
time data on the physical behavior of bridge structures.
Vibration sensors, strain gauges, and acceleration monitors
are increasingly being installed on aging bridges to detect
early signs of damage, such as abnormal frequency shifts or
changes in modal characteristics. While the availability of
such data has improved, the interpretation and analysis of
large-scale sensor datasets remain challenging, especially
when attempting to convert raw data into actionable
maintenance decisions.

To address this challenge, the integration of artificial
intelligence (Al) into structural health monitoring has
emerged as a promising solution. Machine learning

techniques,
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