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Introduction
Isolation bearings are essential components in modern engineering 
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engineering structures. As technology continues to advance, vision-
based displacement measurement is expected to play a pivotal role in 
ensuring the safety and reliability of various infrastructure systems.

Regardless of the large or small deformation of the isolation bearing, 
whether the camera is fixed or moving, the horizontal displacement 
time history obtained by the visual method is almost the same as the 
result obtained by the displacement meter. The measurement error is 
larger when the camera is moving. However, compared with the result 
measured by the displacement meter, the absolute error of the peak 
horizontal displacement is less than 1mm, and the error ratio is less 
than 1.5%, which meets the accuracy requirements of the horizontal 
displacement measurement of the isolation bearing. This result 
shows that the proposed visual method can complete the horizontal 
deformation detection of the isolation bearing under various conditions.

The waveform trend of the vertical displacement time history 
curve measured by the visual method is basically the same as the time 
history curve of the displacement meter, but it fluctuates continuously 
along with the time point. +e reason is that the vertical displacement 
of the isolation bearing is less than 1 mm. Compared with the absolute 
value of the vertical displacement, the systematic error caused by 
the visual measurement method is clear, but the maximum absolute 
error is only 1.851 mm. Limited by the experimental equipment, the 
displacement of the camera in the experiment is ±8 mm. In the actual 
seismic survey, the camera is fixed on the ground or superstructure, the 
relative displacement between the camera and the isolation bearing is 
the horizontal displacement of the isolation bearing, and the range of 
displacement can be estimated in advance. Therefore, if the field of view 
of the camera is set to be wider than the horizontal displacement of the 
isolation bearing, then accurate measurement results can be obtained. 
This method is still applicable to actual seismic isolation projects.
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the deformation of the pattern, the displacement of the bearing can 
be determined. SLP is capable of high-speed measurements and offers 
relatively simple setup requirements [5].

Advantages of vision-based displacement measurement

Non-contact measurement: Vision-based methods do not require 
physical contact with the isolation bearing, eliminating the risk of 
interference with the system's dynamics.

High accuracy: With advancements in camera technology and 
image processing algorithms, vision-based methods can achieve high 
levels of measurement accuracy [6].

Real-time monitoring: Certain vision-based techniques, such as 
LSV, offer the advantage of real-time monitoring, providing immediate 
feedback on the displacement behavior of the isolation bearing.

Full-field measurement: Vision-based techniques provide a 
spatially distributed displacement field, enabling engineers to observe 
localized displacements and detect potential issues in the bearing's 
behavior [7].

Challenges and limitations

Lighting conditions: Vision-based techniques are sensitive to 
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