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Full-field Displacement Monitoring Method Based on Bridge

Natural Texture

CHU Xi, ZHOU Zhixiang, DUAN Xin, ZHU Weizhu
(College of Civil and Transportation Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: The measurement points for bridge structural health monitoring are limited, and the incom-
plete test data leads to the difficulty in evaluating the state of structural safety. Hence, a method of
structural full-field displacement monitoring under the natural texture is proposed herein. The natural
texture feature points on the surface of the structure are extracted by scale-invariant feature transfor-
mation (SIFT) algorithm. The extracted natural texture feature points are used as the point source da-
ta before and after structure deformation. The correlation between the feature points before and after
deformation is established using feature point matching. Furthermore, we analyze the mathematical
model of the relative position change of the feature points before and after deformation, and propose a
calculation theory for the structure’s full-field displacement vector. Finally, the method is verified by
the test beam's load test and the test beam's full-field displacement vector monitoring results are ob-
tained. Validation results show that the maximum error of structural edge deflection is 4.94 %, and the

average error is 2.08% , the maximum length error of the full-field displacement vector is 0.68 mm
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and the maximum angle error is 0.76°. The calculated full-field displacement vector is in agreement

with the actual structural deformation. This study is the first to to realize full-field displacement moni-

toring of structures under natural texture conditions, extending the traditional single-point monitoring

of the structure to the two-dimensional plane monitoring, and significantly improving the complete-

ness of the monitoring data.

Keywords: bridge safety; health monitoring; machine vision; feature extraction; full-field displace-

ment
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Fig.1 Checkerboard feature points in different positions
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Fig.2 Registration of feature points
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Fig.3 Mathematical model of relative position change of

feature points
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Fig.4 Structure and physical drawing of the test beam
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Table 1 Materials for the test beam
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Table 2 Monitoring camera parameters
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Fig.5 Position of the measuring camera
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Fig.6  Arrangement of dial indicator
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Fig.9 Loading scheme of the test beam
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Fig.10 Arrangement of chessboard on the test site
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Fig.11 Extracted image feature points of the test beam
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Fig.12 Distribution of feature points of the test beam's

surface
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Fig.13 Pixel distribution of the structural image
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Fig.14 Calibration method of image monitoring resolution
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Table 3 Monitoring resolution calibration

T %EF  maegkklE/ el FHE
95 MR mm (mm/px) (mm/px)
1-2 1983 365.12 0.184 0
34 1991 353.24 0.177 2
5-6 1995 361.11 0.1816
7-8 1992 352.32 0.176 8
9-10 1997 352.39 0.176 9
11-12 1993 311.37 0.1559
13-14 1987 353.92 0.178 5
1516 2652 451.93 0.170 2 01760
17-18 1981 351.84 0.177 3
19-20 1996 323.47 0.162 3
2122 1989 352.79 0.177 3
2324 1983 355.74 0.179 2
2526 1992 363.39 0.182 3
27-28 1987 361.13 0.182 3
29-30 1982 355.45 0.178 8
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Fig.15 Full-field displacement monitoring results
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Table 4 Verification of deflection measurement results
/KN WS HAE/mm HFEE/ mm R/ %
2 080 3.83 3.96 3.34
100 3 580 4.76 4.65 2.42
5080 3.84 3.98 3.67
2 080 5.80 5.84 0.82
200 3 580 6.72 6.60 1.77
5080 6.16 6.05 1.93
2 080 6.63 6.58 0.75
300 3 580 7.52 7.63 1.46
5080 6.53 6.62 1.38
2 080 7.93 7.85 1.07
400 3 580 9.17 9.11 0.62
5080 8.08 7.89 2.44
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Fig.17 Extraction of coded target position information
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