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Q of
This study proposes a practical method for the early detection of bolt loosening in critical fastening points
of power distribution panels. To this end, we capture the angular variation of anti—loosening markings (torque
markings) in images and apply deep learning-based computer vision techniques to automatically determine the
degree of loosening. Fastening defects caused by vibration, thermal expansion, and long—term operation of
electrical equipment can lead to arcing and fires, thereby necessitating a highly reliable monitoring technology.
In this paper, we design a pipeline that integrates an object detection model with an angle estimation model
and evaluate its performance using a dataset that includes real field footage. Experimental results show that
the system can detect subtle rotations on the order of 1°, achieving an abnormal—state classification accuracy
of over 95% with a false alarm rate below 2% under a £3° threshold. These findings confirm that the proposed
approach, leveraging non—contact, real—time, and automated operation, can enhance the safety of power
facilities and advance preventive maintenance frameworks.
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