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ACCURATE MEASUREMENT OF THREE-DIMENSIONAL SURFACE
DEFORMATIONS BY ADVANCED INTERFEROMETRIC SAR TECHNIQUE
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Abstract: The interferometric synthetic aperture radar (InSAR) technique has demonstrated
success in measuring Earth surface deformations [1-2] but is limited to measurement of
deformations along the radar line-of-sight (LOS) direction. It is difficult to precisely determine 3-D
surface deformation from LOS InSAR data alone, because SAR satellites have near-polar orbits. The
3-D deformation field by InSAR technique can be reconstructed using two interferograms generated
from ascending and descending pairs and one or two azimuth pixel-offset tracking fields created by
cross correlation of SAR images [3]. This method has difficulty in determining the north component
of surface deformation due to the low sensitivity of the SAR pixel-offset tracking method.

Bechor and Zebker [4] have developed a multiple aperture SAR interferometry (MAI) technique
that made a remarkable improvement in measuring along-track deformation. This method measures
the along-track deformation from a MAI interferogram, which is created by the forward- and
backward-looking interferograms using sub-aperture InSAR processing. This method is superior to
the amplitude pixel offset method, and has an advantage that its atmospheric phase contributions are
not very sensitive. Jung et al. [5] has proposed a further improved method, which enhances the
coherence of MAI interferogram and correcting the phase contributions from the flat Earth and
topographic effects caused by the following: 1) azimuth common band filtering; 2) multi-looking and
phase filtering and 3) efficient corrections of the flat-Earth and topographic phases.

In this study, the three-dimensional deformations associated with the Father’s day intrusion [6]
and eruption of the Kilauea volcano and the 2010 Haiti Earthquake are measured in this study by an
advanced InSAR technique, which is to integrate the InNSAR and MAI techniques. ALOS PALSAR
interferometric pairs acquired in the ascending and descending orbit pairs are used for both of them.
The comparison between GPS and the advanced InSAR measurements is carried out.
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