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The SAR Interferometry Method

Synthetic aperture radar (SAR) interferometry is a method of processing of two scenes, acquired by a satellite carrying a SAR. The method can be used for digital elevation model (DEM) generation or for Earth deformation (subsidences, landslides) mapping. Two scenes acquired at a different satellite position (for DEM generations), or at a different time (for deformation mapping) are used. 

However, it is not possible to obtain two scenes acquired at a different time, but at the same position. Therefore, the interferogram, which is the difference between the phases of the two scenes, is also influenced by flat-Earth phase (i.e. the phase corresponding to the Earth without topography) and topography. Both of these influences must be computed using the knowledge of precise satellite position and topography.

Residual Fringes

Imprecise satellite positions cause that both the flat-Earth phase and the phase corresponding to topography are subtracted imprecisely. The flat-Earth phase influence is major in comparison to topography and the interferogram therefore contains residual fringes, mostly in the range direction. If a fringe in the azimuth direction appears, it is caused by the fact that the range fringe frequency is changing.

The residual fringes are caused by three basic facts:

· satellite orbits are not precise enough (few cm),

· the two-way time between signal transmission and reception (range-timing) is errorneous, causing that the look angle is computed imprecisely,

· the difference in atmospheric delay between the two acquisition.

Geocoding Errors

During interferometric processing we also found out that the interferograms are geocoded in a wrong way, i.e. the coordinates of an object are wrongly computed. The shift in the azimuth direction was about 4 km, and the shift in the range direction was almost 2 km. These errors are very improbably caused by orbit errors: the range error relates to the range-timing error discused in previous section, and the azimuth error relates to an errorneous absolute time of reception of the first radar echo.

Residual Fringe Correction

Due to the fact that residual fringes are caused by two factors (except for atmosphere), there are two methods to reduce them: 

· correcting for the orbit errors,

· correcting for scene timing (in both directions). 

The number of residual fringes was almost 3 for the whole scene before any corrections. As already said, correction of the timing errors is quite easy, because the timing errors can be easily computed from the geocoding errors. On the other hand, correcting the orbit errors is much more difficult, at least with the information provided by the DORIS software. In addition, the satellite position is stated once per second (precise orbits) and during the interval the satellite moves by hundreds of meters and the satellite position for each point of the scene must therefore be interpolated by a function. The form of the function is therefore also very important.

Fortunately, the number of residual fringe reduced significantly after timing correction. We can attribute the rest of the residual fringes to atmospheric delay, which we expect to have a linear influence on the interferogram phase, in comparison to both timing and orbit errors. In addition, the number of residual fringes is less than one.

Results of Earth Deformation Mapping in Northern Bohemia

Three SAR scenes are available, forming two interferometric pairs, one with temporal baseline of 70 days (deformation pair), and the other with temporal baseline of 1 day (used for subtracting topography from the deformation pair). Unfortunately, it is not possible to confirm a deformation on the basis of one deformation pair, because the phase change may be caused by seasonal effects or noise.

· On the basis of the phase changes in the deformation interferogram, we selected several areas suspicious of Earth-crust deformations and analyzed the conditions of landslides/subsidences happening in the area, for example:

· The Ervěnice corridor

· The northern border of the Nechranice dam

· Several smaller areas near the Krupka town

Conclusion

Correction of timing errors in both directions helped us to correct not only for the shift of the geocoded data, but also for residual fringes, which appeared in the original interferogram. The timing errors can be evaluated from the shift of the geocoded scene with respect to the terrain, or from the shift between the interferogram and radarcoded DEM (in 2-pass method). Using 3-pass method, the residual fringes are significantly reduced automatically.

Many smaller areas suspicious of Earth crust deformation were determined in the northern-Bohemian coal basin. However, detecting some kinds of landslides is impossible using SAR interferometry; detecting subsidences, which are usually significantly slower, is more reliable. Huger landslides may cause the surface to be very different for the two acquisition, therefore causing decorrelation of the interferogram.
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