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Abstract.  As a convenient and effective tool for monitoring of the structural behaviors of civil infrastructure, the 
machine vision-based sensing technology integrated with digital image processing algorithm has achieved great 
progress in the field of structural health monitoring (SHM). The prominent advantages of this kind of measurement 
technology mainly include non-contact, long-distance and high-resolution. Up to now, various types of vision-based 
systems have been developed and applied in structural performance monitoring of engineering structures, however, 
seldom investigations are relevant to monitoring of structural dynamic characteristics. In this paper, the method for 
multi-point synchronous measurement of structural dynamic displacement is proposed. The structural modal 
parameters are identified using measured multi-point dynamic displacements and fast Fourier transform. A simple-
supported rectangle steel beam model is established for conducting experiments to investigate (i) comparison study 
on the measurement results obtained by the vision-based system and the accelerometer, (ii) the effect of the 
measurement distance on the accuracy of the vision-based system, and (iii) the feasibility of different types of targets 
(LED lamp and black spot). The experimental results show that the proposed vision-based method is effective, 
accurate and stable for structural dynamic response monitoring and modal parameter identification. 
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1. Introduction 
 

Large-scale (long-span or high-rise) engineering structures are inclined to vibrate under external 
stochastic loadings such as wind, earthquake, traffic, etc. These vibrations will cause damage (e.g., 

fatigue and cracking) to the critical structural components. In general, the structural diagnosis 

paradigms are mainly based on the dynamic responses such as stresses, displacements, 
accelerations, etc. A key issue is to construct the congruent relationship between the structural 

dynamic properties and the damage of the target structure (Kim and Stubbs 2003, Yi et al. 2012). 

Thus, it is crucial to examine the vibration characteristics of structures under different external 

loading conditions. In the past three decades, vibration-based damage detection and modal 
parameter identification using the measurement data of structural dynamic response has been a 

critical task in structural health monitoring (SHM) (Fan and Qiao 2011). For instance, Oshima et 

al. (2014) developed an indirect approach for assessing the state of a bridge on the basis of mode 
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