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Fig.1 Vision measurement system for structural displacement™
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Structural Displacement Visual Measurement Technology and
Advances in Its Applications

SHAN Mingguang"**, PANG Cheng', LIU Lei"**, LIU Bin***, ZHONG Zhi"?

(1. College of Information and Communication Engineering, Harbin Engineering University, Harbin 150001, China;
2. Heilongjiang Collaborative Innovation Center of Advanced Intelligent Perception Technology, Harbin Engineering
University, Harbin 150001, China;

3. Yangtze Delta Region Advanced Research Institute, Harbin Engineering University, Nantong 226000, China)

[ABSTRACT] Structural displacement visual measurement technology, as a non-contact and full-field measurement
method, has attracted widespread attention in structural health monitoring and performance evaluation in civil engineering,
aerospace, and advanced equipment fields in recent years due to its advantages of high flexibility, low cost, and long-
distance measurement capability. This paper systematically reviews the fundamental principles, methodological
frameworks, and engineering application progress of the structural displacement visual measurement technology. First,
the basic theory and key procedures of camera calibration for converting pixel displacement into physical displacement
are introduced. Subsequently, it provides a focused review of typical displacement extraction methods, including template
matching, feature point matching, and optical flow methods, followed by an introduction to 3D vision measurement
techniques based on these methods. A comparative analysis of the characteristics and applicable scenarios of these various
methods is also presented. Furthermore, key challenges encountered in engineering applications, such as equipment
performance limitations and complex environmental interference, together with corresponding improvement methods,
are discussed. The research and application achievements of this technology in structural modal parameter identification,
deformation detection, damage identification, and cable force estimation are also summarized. Finally, future development
trends of structural displacement visual measurement technology, including real-time implementation, adaptability to
complex environments, and intelligentization, are discussed. This review can provide references for the research and
engineering applications of this technology in related fields.
Keywords: Non-contact measurement; Structural displacement; Computer vision; Camera calibration; Target tracking;
Modal identification
(Uit A R)
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