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Abstract

To address the difficulty of acquiring large-area and long-term deformation information using con-
ventional bridge monitoring methods, this study applies persistent scatterer interferometric syn-
thetic aperture radar (PS-InSAR) technology to conduct time-series deformation monitoring and
analysis of Caihong Bridge using 20 Sentinel-1A satellite scenes acquired from December 2023 to
August 2025. Four representative persistent scatterer (PS) points, located at both bridge ends and
at the mid-span, were selected to analyze cumulative settlement characteristics. Rainfall data were
further incorporated to investigate the mechanisms by which environmental factors influence
bridge deformation. The results show that the overall deformation of the bridge during the moni-
toring period was relatively small, with cumulative deformation controlled within +10 mm. No sig-
nificant differential settlement was observed, indicating that the structure remained in a favorable
operational state. Clear spatial differences were observed among the bridge components: the abut-
ment and approach-bridge areas exhibited greater fluctuations and were more sensitive to external
disturbances, whereas the mid-span area showed relatively gentle deformation. As an important
external factor, rainfall intensified short-term deformation fluctuations during concentrated rain-
fall periods, with the most pronounced response occurring in the abutment area. Meanwhile, bridge
deformation showed a certain lag relative to rainfall. Overall, rainfall’s influence on bridge defor-
mation was mainly manifested as short-term disturbances and did not induce cumulative settle-
ment. The findings indicate that PS-InSAR technology can effectively acquire long-term bridge de-
formation information and provide technical support for bridge health monitoring and analysis of
environmental loading effects.
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Figure 1. Data processing workflow of PS-InSAR
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Figure 2. Image of Caihong Bridge
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Table 1. Image information

=1 HBER

B A 2 /m i 1) 25/ d
2023/12/1 —95.9208 276
2024/1/6 —98.5299 240
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2024/3/6 —136.521 180
2024/4/11 3134 144
2024/5/5 —90.5226 120
2024/6/10 117.63 84
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Figure 3. Spatio-temporal baseline diagram of PS-InSAR
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Figure 4. Distribution of PS points near Caihong Bridge
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Figure 5. Annual average deformation rate of Caihong Bridge
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