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Aperture Radar (InSAR) technology, the atmospheric delay error constrains the accuracy of the deformation
monitoring results. The traditional small baseline subsets INSAR (SBAS-InSAR) technology usually utilizes
the statistical analysis of the interferometric phase-height relationship and spatio-temporal filtering to suppress
the atmospheric effect, but the former only removes the vertically stratified atmosphere and ignores the effect
of turbulent atmosphere, while the latter is highly subjective in the selection of the filtering window. On the
other hand, the millions or even tens of millions of data points in SAR images bring a considerable burden to
the calculation process. Methods: In order to improve the deformation monitoring accuracy of time-series
InSAR technology and ensure efficient calculation efficiency, a SBAS-InSAR atmospheric rapid correction
method based on Fixed Rank Kriging (FRK) and the interferogram itself is proposed. Starting from spatial
correlation, a multi-scale spatial model is constructed to estimate the atmospheric random effects of the
interferogram, and spatial dimensionality reduction is used to greatly improve the efficiency of atmospheric
correction. Finally, a real experiment was conducted using 25 scenes of Sentinel-1 SAR images covering
Datong City, Shanxi Province, to verify the effectiveness and performance of this method. Results: The results
show that: (1) Compared with the deformation results obtained by traditional SBAS-InSAR, the root mean
square error (RMSE) of this method is reduced by 48% on average; (2) The atmospheric estimation efficiency
of the fixed-rank kriging method is 15 times higher than that of the ordinary kriging method with the same
amount of data. Conclusions: The proposed method can significantly improve the deformation monitoring
accuracy of the SBAS-InSAR technique without relying on external data, and greatly improve the efficiency of
atmospheric correction.

Keywords: Deformation monitoring; Atmospheric correction; Fixed Rank Kriging; SBAS-InSAR
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Fig. 1 Schematic Diagram of Spatial Basis Function
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Fig. 2 Flowchart of the SBAS-InSAR Fast Atmospheric Correction Method based on FRK
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Fig. 3 Experimental Area and GNSSSite Distribution
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Tab. 1 Sentinel-1A Image Dates covering the Study Area

%% XA %% AAE B
1 20200801 14 20210104
2 20200813 15 20210116
3 20200825 16 20210128
4 20200906 17 20210209
5 20200918 18 20210221
6 20200930 19 20210305
7 20201012 20 20210317
8 20201024 21 20210329
9 20201105 22 20210410
10 20201117 23 20210422
11 20201129 24 20210504
12 20201211 25 20210516
13 20201223
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Fig. 5 Spatial bases location distribution
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Fig. 6 The Original Unwrapped Interferograms, the Atmospheric Delay Phase based on FRK, the Corrected Unwrapped

Interferograms, and the Statistical Histogram
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Fig. 8 Comparison of cumulative deformation sequence results obtained from GNSS site data, traditional SBAS-InSAR method

and FRK-SBAS method
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Fig. 11 Statistical analysis of errors of OK and FRK algorithms for different simulated data cases
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Tab.2 Computational Efficiency of Ordinary Kriging and Fixed-Rank Kriging changes with the Number of Sampling Points and
the Number of Spatial Bases Respectively
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11956 2652.84 106 269.67
19130 6799.89 126 373.73
23913 11097.72 167 503.39
28695 20238.52 252 741.68
35869 26704.08 324 1030.74
47825 51787.73 420 1757.98
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