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Deformation Measurement and Safety Warning of Highway Bridges Based on Machine Vision
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(1.College of Mechanics and Materials, Hohai University, Nanjing, Jiangsu 211100, China; 2.Suzhou Research Institute,
Hohai University, Suzhou, Jiangsu 215100, China)

Abstract: The structural safety of highway bridges plays a crucial role in traffic safety operations and regional
economic development. Due to the rapid increase and complex changes in traffic loads, the demand for real-
time monitoring of bridge’ s structural deformation and safety conditions has been increasingly prominent.
However, the structural health monitoring system, dominated by contact sensors, has limitations such as
difficult installation and construction, complicated maintenance and replacement, and the need to interrupt
traffic. To this end, a non-contact deformation measurement system based on machine vision was proposed.
Template matching and feature point recognition methods were utilized to achieve recognition of structural
surface markings and displacement extraction of key positions. The accuracy and stability of visual methods
were tested through laboratory and on-site experiments. In addition, a corresponding finite element model was
built for the actual operation status of the bridge structure, and the multi-level warning threshold was set
through the dynamic and static mechanical experiments to further determine the safety status of the
structure. The experimental results show as follows. (D The displacement measurement error of the established
visual deformation measurement system is within 5% , and the error of vibration frequency is within 1% ;
@ Measurement techniques based on template matching and feature point recognition can recognize the
inherent features of structures, and meet the needs of long-term deformation monitoring; @ Through finite

element analysis under multiple working conditions, warning thresholds can be set for long-term displacement
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monitoring of structures.

Keywords: highway bridges; machine vision; structural dynamic displacement; finite element analysis;

safety analysis
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Figure 1 Steps of visual measurement algorithm
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Figure 6 Comparison of experimental results for
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Figure 12 Real-time displacement measurement results of
marked point “feng”
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Figure 14 Real-time displacement measurement results of

marked point “qiao”
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Figure 15 Finite element model of fengmen bridge
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Figure 16 Time history analysis results of marked points

under three different vehicle speeds
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