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As critical transportation infrastructure, bridges are subject to deformation and (a) During Jan 2009-Feb 2010,

degradation under complex geological, meteorological, and marine conditions. deformation rates of Lupu

This study investigates the Lupu Bridge in Shanghai using time-series it E\Y = W ~ Bridge ranged from -21.36
Persistent Scatterer Interferometric Synthetic Aperture Radar (PS-InSAR) Sl mm/yr to 20.49 mm/yr;

technology to extract deformation dynamics from SAR data. We further

(b)Joint analysis of deformation-

quantify thermal effects on observed deformation. Additionally, a novel temperature series revealed

predictive framework integrating K-means Clustering Classification (KCC), significant spatial heterogeneity

Bidirectional Long Short-Term Memory (BiLSTM), and self-attention B " in thermal expansion coefficients

mechanisms 1s proposed for short-term bridge deformation forecasting based (o) across bridge segments, with

on InSAR time-series data.

o values spanning -0.53 mm/°C

to 1.98 mm/°C.
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(a)The coverage of the COSMO-SkyMed imagery, the radar intensity tmage @ °~* " "-=~"*>* @ S rates over the main span. Despite

of the Shanghai Lupu Bridge, and a field photograph of the bridge structure. (c) K-Shape clustering reveals high morphological similarity spatial proximity, distinct

(b)The parameter specifications of the COSMO-SkyMed satellite datasets within clusters, exhibiting periodic oscillations. deformation patterns highlight the

(d) Spatiotemporal visualization demonstrates spatial €SSt of incorporating spatial

heterogeneity in segmentation

autocorrela-tion of co-clustered points.
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(@) (1) Time-series InSAR-based deformation monitoring systematically characterizes deformation

(a)Worktlows of PS-InSAR processing, bridge thermal dilation quantification, patterns of Shanghai Lupu Bridge:

and bridge displacement prediction.

(2) Integrated deformation-thermal analysis quantifies the mechanistic effects of thermal
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