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Fig. 3 The unwrapped phase observations resulting from the step of preliminary atmosphere estimation and removal
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ZHANG Kui', WANG Hui', SONG Ruiqing’, SHENG Yaobin’

1. College of Communication Engineering, Chongqing University, Chongqing 400044, China;
2. Institute of Earthquake Science, China Earthquake Administration, Beijing 100036, China;
3. School of Geographical Science, Southwest University, Chongging 400715, China

Abstract: Multi-baseline InSAR techniques have demonstrated their great potential in topographic mapping and ground surface deforma-
tion monitoring. In order to minimize the decorrelation noise between stacked SAR images in multi-baseline InSAR processes, the phase re-
construction technique has been developed recently and has become one of the hotspot techniques in radar interferometry. Due to budget
limitations and unstable SAR image acquisition frequency, a lot of multi-baseline InSAR applications have to be carried out based on small
image datasets. Researchers have made every endeavor to address this problem, some targeted multi-baseline InNSAR processing strategies
have been therefore developed. Unfortunately, there are few literatures discussing the application of phase reconstruction to small image
datasets at this stage. This paper aims to evaluate the effectiveness of the phase reconstruction technique on a small SAR image datasets. A
targeted multi-baseline InSAR processing scheme was designed and applied to real data. The main idea of phase reconstruction technique is
to reform phase observations along a SAR stack by taking advantage of a maximum likelihood estimator which is defined on the coherence
matrix estimated from each target. The proposed multi-baseline InSAR processing scheme is divided into two modules. The first one is
named as “pre-processing module”, which generates the zero-baseline SAR image stack required by the phase reconstruction technique via a
series of operations including image coregistration, topographic phase component removal, and so on. The second one firstly constructs co-
herence matrices based on multilooked pixels, thereby conducting phase reconstruction operations. Subsequently, it isolates ground surface
deformation signals based on reconstructed phase observations by taking advantage of the small baseline subset technique. Noted that an at-
mospheric disturbances estimation and removal step was involved in this module in order to assure the reliability of the output measure-
ments. The proposed scheme is subsequently applied to five PALSAR images acquired over Taiyuan, ShanXi Province, China. During the
experimental process, the performance of the phase reconstruction technique in the case of small image subsets was analyzed in different as-
pects (e.g. the signal-to-noise ratio of the FFT based orbital fringe estimation process, the number of residues contained in phase unwrap-
ping networks). The corresponding annual deformation rate field was presented, as well as the distribution of additional points obtained after
the application of the phase reconstruction technique. The results has demonstrated that the phase reconstruction technique can effectively
improve interferometric coherence even in the case of small image datasets, which is beneficial to the proliferation of the density of multi-
baseline InSAR results. It must be noted that the size of the coherence matrix is relatively small in the case of small image datasets. Thus the
precision of the phase reconstruction results is likely to be influenced by the low coherent elements of coherence matrix. In order to make the
phase reconstruction technique work with small image datasets better, future works should try to eliminate the negative impacts of low-qual-
ity elements on the phase reconstruction procedure.
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