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Fig. 6  Spatiotemporal distribution of bridge displacement
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Fig. 8 Spatiotemporal distribution of residual deformation of the bridge
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Monitoring the Hangzhou Bay Bridge with time—series InSAR :
Addressing the challenges of spatially discontinuous deformation

SONG Xinyou',YANG Jian’,LI Minghui’,HU Zaihua’,ZHANG Lei',LIANG Hongyu'
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Abstract: Time-series Interferometric Synthetic Aperture Radar (InSAR), which has the advantage of an all-weather, 24-hour operation
with high precision and high spatial resolution, has been widely applied to bridge structural health monitoring. However, numerous
expansion joints and pronounced thermal expansion and contraction effects identified during large-scale bridge monitoring often cause phase
discontinuities. This limitation undermines the spatial continuity assumption required by conventional phase unwrapping methods and
hinders accurate deformation inversion. This paper presents an adaptive segmented unwrapping time-series InSAR algorithm that does not
rely on prior model assumptions. Phase discontinuities at expansion joints and the interferometric network partitioned by setting arc error
thresholds are automatically identified. Then, subnet reference points are selected based on bridge mechanical characteristics to enable
segmented unwrapping, thereby recovering the displacement time series of coherent points. The method was validated using 13 scenes of
PAZ X-band satellite imagery over the Hangzhou Bay Bridge. Results show that the proposed approach effectively locates expansion joints
and achieves stable unwrapping, with better adaptability and robustness than the minimum cost flow algorithm. Further analysis reveals that
the overall bridge deformation is highly correlated with temperature (maximum correlation coefficient of 0.988). After the thermal effects
are removed, 97.1% of coherent points exhibit residual deformation rates below 2 mm/year, with only a few sections showing potential
nonthermal deformation. These findings provide new insights for the health monitoring of large bridges and contribute to enhancing the
reliability and applicability of time-series InSAR in infrastructure monitoring.

Key words: InSAR, segmented phase unwrapping, bridge deformation monitoring, thermal expansion and contraction, Hangzhou Bay
Bridge
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