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Abstract

Synthetic Aperture Radar (SARdmographya new and advanced technique in the field of
SAR processing,is aimed at determing the 3-D reflectivity function from measured
multi-pass SARdata It is essentilly a spectrum estimation problem as for a specific
resolution cell the complex valued SAReasuremestof a SAR image stackre actually
the irregulaly sampled Fourietransform of the reflectivity function in the elevation
direction. The successfulaunch ofthe German high resolution SAR mission TerraSXR
provides anew possibility to investigate this topigth high quality spacebornéata.

Within the framework of this master thedise spectrum estimatigeroblem isformulated
from a mathematicapoint of view. Different spectrum estimation strategisuch aghe
Singular Value DecompositiofEVD) and Nonlinear Least Squaresstimation(NLS) are
evaluatedand compared using bo#fimulated data and TerraSARdatafrom the teskite
Las Vegaswith special consideration of thdifficulties caused byparseand irregulaly

spaced samplingThe problem of ill-conditioing when usingthe Singular Value
Decomposition is investigateahd regularizationtools Guch assingular valugruncaton

andWienerfil tering) areutilized to overcomehis problem.For thesake ofvalidation, the
spectrum estimation results with TerraSXRdata are compared to tipeobableground
truth.

Penalizednodel selection critesisuch ashe Bayesian Information CriteriofBIC), Akaike
information criterion (AIC) and Minimum DescriptionLength criterion (MDL) are
implementedon the spectil estimaésto determinethe number of scatterers inside one
resolution cell- which is necessarya prior knowledge for precise PSI displacemén
estimation.The probability of correctlydetectngthe numbenf scattererandthe accuracy

of the corresponding elevation estireatare evaluated from simulated daEinally, the
model selection results with PS points of TerraSARata are visualizeth GoogleEarth
and the nature of PS pixel with mudttatterers are discussed.

Key words: Synthetic Aperture Radar (SARPpmography, Spectrum estimatiddingular
Value Decompositiononlinear Least Squaresstimation,Wiener filter, multi-scatteres,
Model selectionpenalized likelihoodtriterion, TerraSARX
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1 Introduction

Synthetic Aperture Radar (SARps playedan important role in remote sensing sitice
1980s. Ithas beenlemonstratethatitisa bl e t o r el i ably map the
information about its lpysical properties such as topography, morphologyghoess and

the dielectriccharacteristics of the backscattering lagi@amler and Harl, 1998)As an
active sensor, SARunctions independery of solar illumination andis capale of
penetrang cloudsand (partially)vegetationcanopy, soiland snow. However, it also has
typical foreshortening, layover and shadowing prolslem

In Earthobservation, unique capabilities are associated with the use of remote sensing via
synthetic aperture radars (SARs)darparticularly, with the extensions of SAR to
interferometric modes (INSAR) and more generally to the joint use of coherent multiple
acquisitions (PSandSAR tomographtc) (Fornaro,2005)

The standard acquisition of a single SAR image is a two dioresmage of scene
reflectivity in azimuth and rangelnSAR techniqus, which combine two or more
complexvalued SAR images to ttgminegeometric information about the imaged objects
(compared to using a single image) by exploiting phase differences, diterent
applicationsaccording to théaseline type. With incidence angle difference (aeh@ak
INSAR), it is possibleto get topographiynformationand DEMs. Therefore, it isossibleto
reach the third dimension which is perpendicular to theatti and range plane. However,
with one or two acquisitionsthe reflectivity function along the third dimension is
undetermined and mutiie-scatterers within one resolution ceimot be separated.

SAR tomographyis a young technology which is based wnlti-pass acquisitigto
estimatethe 3-D radar reflectivity function. This thesis investigstiee spectrum estimation
problem for SAR tomographyith both simulated and real dagspecially in case aimall
irregularly sampled dataset8oth determirstic and statistical methsdare implemented
and investigatedAdditionally, the application of model selectitmSAR tomographyill
beaddressed

1.1 State of the Art

INSAR and DINSAR exploit the phase differences of coherently acquired SAR images i
order to measure land surface deformations from gj@aceler et al., 1998Vlassonneét al.,

1993. Since the first spectacular resuligere publishede.g. ceseismic deformation
(Gabriel et al., 1989the methochas beenvell established in the geopigal community

and complements GPS point measurements withdiwensional 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 def or ma

1



The accuracy of INSAR and-MSAR is limited by tempal decorrelation of the surfaeed

by electromagnetic path delay variations in the troposphere. The latter distortions can be
reduced by temporal averaging of multiple interferograms which in tedaces the
temporal resolutioiiHanssen, 2001The Persistent Scatterer Interferometry (PSI) method
uses stackof 183100acquisitiors of the same area, selectioriafg term coherent poinis
so-called Persistent Scatterers (RSnd motion models inrder to reduce the estimation
error to well below 1 millimeter/yedFerretti et al., 2001; Kampes, 20@@lam et al., 2007)
Persistent scatterers are bright points in the image that represent strong scatterers in the
object space, e.g. metallic strucwi@r retrereflecting corners at a building. They do not
decorrelate over long time spai®Sl is currently one of the most powerggace based
geodetic measurement methods.

The PSI technique, however, can only be appliben sufficientpoints with longterm
stable backscattering characteristics are found, i.e. when the spatial density of gisse PS
large enough to represent the ground deédion pattern. An example BfSI analysis over

an urban area is shownhkigurel, where a deformation map of §&egas, USA s presented.
Note themm-scale of the deformation process.

Deformation Rate
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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 atime 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).



The mathematical algorithms for PSI haveen 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 106450 PS/kr2 can bedetected, i.e.onaverage a single PS in a square 650

m side length. Only gross subsidence patterns liksetin Figure 1 can be retrieved.
Individual buildings can only be investigated opportunistically. Aflse limited resolution
prevents accuratedBlocalization 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 doublbounce effect dfthe streewall-interface and shows the subside 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 dgms has been deployed in spa®@ong them the

first German SAR satellite TerraSAR with a spatial resolution 0D.6x1.1m. This
resolution has been made possible by virtue of the newgiptatihaging modeand the high
bandwidth Today only the DLRTUM group is able to exploit tts special data for PSI
measurement. The PSI density can be shown to rise by a factor of ald@l@t &6mpared to

the previously available datadam et al., 2008)Several tens of PS can now be identified
on a single buildingFigure 2 provides a preliminarpuilding® deformation estimation
from TerraSARX data applying the straight forward PSI processing technique. This opens

the potential of retrieving for ther§it time deformation and structural stress of individual
3



