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Fig.9 Point-selection comparison (Red: high temporal-coherence points; green: DA—passed candidates) (The lower—left corner of

each subplot indicates the threshold used to select amplitude dispersion candidate points. The red number denotes the overall proportion

of amplitude dispersion candidate points, while the blue number denotes the proportion of arc quality—qualified points that also satisfy

the amplitude dispersion criterion)
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Fig.10  Impact of unmodeled temporal phase variations and baseline combination strategy on temporal coherence estimation (The two
rows illustrate, respectively, the unmodeled phases under two different patterns ((a), (d)), the differential phases extracted using
different baseline combination strategies ((b), (e)), and the resulting impacts on temporal coherence estimation ((¢), (f)). Under
the simulated phase—jump scenario, after phase noise with a standard deviation of 0.1 was added, the temporal coherence estimated
using the single—master linking strategy was only 0.08, whereas that estimated using the sequential linking strategy reached 0.94.
Under the simulated phase—drift scenario, the temporal coherence estimated using the single-master linking strategy was 0.62, while

that estimated using the sequential linking strategy was 0.99)
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EP-InSAR: Exhaustive pair linking strategy for urban ground
deformation mapping
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Abstract: Monitoring urban ground and infrastructure deformation is essential for the safe operation of cities. Interferometric Synthetic
Aperture Radar (InSAR) has become a key technology for this purpose. However, in complex urban environments, conventional persistent
scatterer InSAR heavily relies on prior constraints, and advanced variants are often limited by high computational demands. These limitations
lead to insufficient arc coverage and reduced robustness in time series analysis, especially when deformation is localized and nonlinear.

To address these challenges, we propose exhaustive pairs InNSAR (EP-InSAR), a time series InNSAR method that is based on dense arc
linking. By sequentially connecting baseline pairs, the linear deformation term is embedded into the phase component of the temporal coherence
to reduce the dimensionality of arc parameter estimation. A dual-threshold iterative network expansion strategy is introduced to identify high-
quality point pairs in an approximately exhaustive manner, mitigating the reliance on amplitude-based priors. In the implementation, conventional
InSAR preprocessing is followed by sequential interferogram formation, 1D spectral search for arc parameters, and robust global least-
squares adjustment of height residuals and thermal dilation coefficients. Deformation time series are retrieved from a rectified low-frequency
interferogram stack, and elevation and thermal components are removed.

Experiments using TerraSAR-X data over Shanghai demonstrate that EP-InSAR increases point coverage, improves arc network
connectivity, and reduces global adjustment errors. In a 3000x3000 pixel processing window, the method extracts ~910,000 measurement
points connected by ~60,000,000 high-quality arcs, providing substantial redundancy for parameter estimation. Among all the accepted
points, 29.3% have an amplitude dispersion index larger than 0.6, indicating that many structurally reliable scatterers are discarded under
amplitude-based screening alone. The estimated height residual and thermal dilation fields form coherent spatial patterns that match building
footprints and material distributions, and the derived time series reveal localized nonlinear deformation that is consistent with construction
histories visible in optical satellite imagery.

The EP-InSAR workflow is parallelized and optimized for large-scale processing, showing strong potential for applications in urban
structural health monitoring. EP-InNSAR provides a practical strategy to approximate exhaustive arc exploration without a prohibitive
computational cost, relaxes the dependence on strict amplitude-based screening, and increases sensitivity to local nonlinear deformation
under complex scattering conditions. These properties indicate that EP-InSAR can support future large-area urban deformation surveys and
routine monitoring of critical infrastructure and building stability.

Key words: urban deformation monitoring, Interferometric Synthetic Aperture Radar (InSAR), Exhaustive Pairs InNSAR (EP-InSAR), arc
network expansion, local nonlinear deformation, persistent scatterer
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