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Research Progress on Bridge Displacement Measurement Technology

Wang Xin, Wang Chunsheng, Wang Bin
(School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China)

Abstract: Bridge displacement is an important indicator in bridge load testing, operational monitoring, and
safety assessment. Different measurement tasks vary considerably in terms of observation direction, response
frequency band, spatial coverage, and reference datum. Taking the formation mechanism of displacement
information as the main framework, this paper classifies existing methods into four categories: contact-based
direct displacement measurement, non-contact displacement observation, indirect displacement reconstruction,
and multi-source heterogeneous data fusion. These methods are compared in terms of reference datum, response
frequency band, spatial coverage, major error sources, and engineering applicability. The review shows that
contact-based direct measurement methods provide a clear metrological traceability chain, but are constrained
by reference conditions and on-site installation; non-contact methods offer advantages in long-distance, multi-
point, and large-area observation, but are susceptible to observation geometry and environmental disturbances ;
indirect reconstruction and multi-source fusion can supplement directly measured displacement information,

but their reliability is constrained by model and boundary assumptions and by spatiotemporal consistency among
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heterogeneous data sources, respectively. Further research is still needed to improve robustness under complex

environmental conditions, clarify error propagation and measurement uncertainty, and strengthen quality

traceability for long-term monitoring.

Key words: bridge displacement monitoring; safety evaluation; vision-based displacement measurement;

indirect displacement reconstruction; multi-source heterogeneous data fusion
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Tab.1 Overall comparison of different bridge displacement measurement methods
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Tab. 2 Comparison of major performance and engineering applicability of bridge displacement measurement methods
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Fig. 2 Basic workflow for vision-based bridge displacement measurement
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Tab.3 Typical vision-based displacement measurement methods and major errors
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Fig. 3 Multi-source displacement fusion framework for typical bridge monitoring scenarios
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Tab.4 Method selection for different displacement response types and engineering tasks
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Tab.5 Technical and economic comparison of major bridge displacement measurement approaches
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