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Abstract

Structural health monitoring (SHM) of civil engineering structures often requires displacement
information to assess structural integrity. An unexpected large displacement can be an indication
of lurking structural damage. Although structural displacement is a useful physical quantity for
SHM purposes, the measurement on full-scale structures is challenging particularly in long-term
sensing due to difficulties in finding sensor installation points, insufficient resolution of
displacement sensors, or harsh field conditions. Recently, computer vision has been widely
adopted as a powerful tool for measuring displacement that offers easy-to-find installation site
with sub-mm resolution. The existing research works report successful application of the vision-
based system in displacement measurement of full-scale civil structures by using a stationary
camera. However, a subtle vibration of the camera results in large displacement error because of
the long distance between the camera and the measurement point. This study proposes a long-
term displacement measurement method using computer vision with compensation of the camera
motion-induced error. The proposed approach uses an additional camera, so-called sub-camera,
to the conventional vision-based system. The sub-camera is designed to measure the three-
dimensional (3D) motion of the camera body. Attaching the sub-camera to the original camera,
the 3D motion of the original camera can be estimated. Deriving the relationship between the 3D
motion of the original camera and the displacement error, the camera motion-induced error can
be compensated. A field testing on a full-scale railway bridge is presented to show the validity of
the proposed method in long-term displacement measurement.
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