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Abstract 
 

Synthetic Aperture Radar (SAR) Tomography, a new and advanced technique in the field of 

SAR processing, is aimed at determining the 3-D reflectivity function from measured 

multi-pass SAR data. It is essentially a spectrum estimation problem as for a specific 

resolution cell the complex valued SAR measurements of a SAR image stack are actually 

the irregularly sampled Fourier transform of the reflectivity function in the elevation 

direction. The successful launch of the German high resolution SAR mission TerraSAR-X 

provides a new possibility to investigate this topic with high quality spaceborne data. 

 

Within the framework of this master thesis, the spectrum estimation problem is formulated 

from a mathematical point of view. Different spectrum estimation strategies such as the 

Singular Value Decomposition (SVD) and Nonlinear Least Squares estimation (NLS) are 

evaluated and compared using both simulated data and TerraSAR-X data from the testsite 

Las Vegas with special consideration of the difficulties caused by sparse and irregularly 

spaced sampling. The problem of ill -conditioning when using the Singular Value 

Decomposition is investigated and regularization tools (such as singular value truncation 

and Wiener fil tering) are utilized to overcome this problem. For the sake of validation, the 

spectrum estimation results with TerraSAR-X data are compared to the probable ground 

truth. 

 

Penalized model selection criteria such as the Bayesian Information Criterion (BIC), Akaike 

information criterion (AIC) and Minimum Description Length criterion (MDL) are 

implemented on the spectral estimates to determine the number of scatterers inside one 

resolution cell - which is necessary a prior knowledge for precise PSI displacement 

estimation. The probability of correctly detecting the number of scatterers and the accuracy 

of the corresponding elevation estimates are evaluated from simulated data. Finally, the 

model selection results with PS points of TerraSAR-X data are visualized in Google-Earth 

and the nature of PS pixel with multi-scatterers are discussed. 
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1   Introduction 
 

Synthetic Aperture Radar (SAR) has played an important role in remote sensing since the 

1980s. It has been demonstrated that it is able to reliably map the earthôs surface and acquire 

information about its physical properties such as topography, morphology, roughness and 

the dielectric characteristics of the backscattering layer (Bamler and Harl, 1998). As an 

active sensor, SAR functions independently of solar illumination and is capable of 

penetrating clouds and (partially) vegetation canopy, soil and snow. However, it also has 

typical foreshortening, layover and shadowing problems. 

 

In Earth observation, unique capabilities are associated with the use of remote sensing via 

synthetic aperture radars (SARs) and, particularly, with the extensions of SAR to 

interferometric modes (InSAR) and more generally to the joint use of coherent multiple 

acquisitions (PSI and SAR tomography etc.) (Fornaro,2005). 

 

The standard acquisition of a single SAR image is a two dimensional image of scene 

reflectivity in azimuth and range. InSAR techniques, which combine two or more 

complex-valued SAR images to determine geometric information about the imaged objects 

(compared to using a single image) by exploiting phase differences, have different 

applications according to the baseline type.  With incidence angle difference (across-track 

InSAR), it is possible to get topography information and DEMs. Therefore, it is possible to 

reach the third dimension which is perpendicular to the azimuth and range plane. However, 

with one or two acquisitions, the reflectivity function along the third dimension is 

undetermined and multiple-scatterers within one resolution cell cannot be separated. 

 

SAR tomography is a young technology which is based on multi-pass acquisitions to 

estimate the 3-D radar reflectivity function. This thesis investigates the spectrum estimation 

problem for SAR tomography with both simulated and real data, especially in case of small 

irregularly sampled datasets. Both deterministic and statistical methods are implemented 

and investigated. Additionally, the application of model selection to SAR tomography will 

be addressed. 

1.1  State of the Art  

InSAR and D-InSAR exploit the phase differences of coherently acquired SAR images in 

order to measure land surface deformations from space (Bamler et al., 1998; Massonnet et al., 

1993). Since the first spectacular results were published e.g. co-seismic deformation 

(Gabriel et al., 1989), the method has been well established in the geophysical community 

and complements GPS point measurements with two-dimensional displacement maps. 

These maps provide centimeter and even millimeter accuracy over areas of typically 50 km 

by 50 km and can be used to monitor deformations of the Earthôs surface.  
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The accuracy of InSAR and D-InSAR is limited by temporal decorrelation of the surface and 

by electromagnetic path delay variations in the troposphere. The latter distortions can be 

reduced by temporal averaging of multiple interferograms which in turn reduces the 

temporal resolution (Hanssen, 2001). The Persistent Scatterer Interferometry (PSI) method 

uses stacks of 10-100 acquisitions of the same area, selection of long term coherent points ï 

so-called Persistent Scatterers (PS) ï and motion models in order to reduce the estimation 

error to well below 1 millimeter/year (Ferretti et al., 2001; Kampes, 2006; Adam et al., 2007). 

Persistent scatterers are bright points in the image that represent strong scatterers in the 

object space, e.g. metallic structures or retro-reflecting corners at a building. They do not 

decorrelate over long time spans. PSI is currently one of the most powerful space based 

geodetic measurement methods. 

 

The PSI technique, however, can only be applied when sufficient points with long-term 

stable backscattering characteristics are found, i.e. when the spatial density of these PSs is 

large enough to represent the ground deformation pattern. An example of PSI analysis over 

an urban area is shown in Figure 1, where a deformation map of Las Vegas, USA is presented. 

Note the mm-scale of the deformation process.  

 

subsidence of point 167088:  ca. - 4.1 mm/a

subsidence of point 81491:  ca. - 18.5 mm/a

 
 

Figure 1.1: Example of a deformation map created from PSI for Las Vegas showing long term 

trends and periodic seasonal variations. Each of the colored points represents a time history 

over 9 years, obtained from 64 ERS data sets. The color reflects the linear component of the 

subsidence. The three ground water wells can be recognized, as well as two slight uplift 

areas (Adam et al., 2008). 
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The mathematical algorithms for PSI have been optimized for medium resolution SAR 

satellite systems (ERS, ENVISAT, 25 m resolution). With this kind of data the PS density is 

not high enough to achieve subsidence or deformation measurements for every building. 

Typically 100-450 PS/km2 can be detected, i.e. on average a single PS in a square of 50-100 

m side length. Only gross subsidence patterns like those in Figure 1 can be retrieved. 

Individual buildings can only be investigated opportunistically. Also, the limited resolution 

prevents accurate 3D localization of the scatterers. Often it cannot be distinguished whether 

a scatterer is part of a building and, hence, represents the subsidence of this building, or 

whether it is a double-bounce effect off the street-wall-interface and shows the subsidence of 

the pavement.  

 

 

 

Figure 1.2: Example of thermal stress monitoring of a building in Las Vegas using the 

Persistent Scatterer technique with TerraSAR-X high resolution spotlight data (Adam et al., 

2008). Only the linear motion component is retrieved and extrapolated to mm/y. 

 

Recently, a new generation of SAR systems has been deployed in space, among them the 

first German SAR satellite TerraSAR-X with a spatial resolution of 0.6×1.1m. This 

resolution has been made possible by virtue of the new spotlight imaging mode and the high 

bandwidth. Today, only the DLR-TUM group is able to exploit this special data for PSI 

measurement. The PSI density can be shown to rise by a factor of about 50-100 compared to 

the previously available data (Adam et al., 2008). Several tens of PS can now be identified 

on a single building. Figure 2 provides a preliminary buildingôs deformation estimation 

from TerraSAR-X data applying the straight forward PSI processing technique. This opens 

the potential of retrieving for the first time deformation and structural stress of individual 


