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Abstract—SAR tomography as an extension to persistent
scatterer interferometry (PSI) approaches has the potential
to improve the level of detail of retrievable information, in
particular, in the case of layover scenarios in urban areas. In
this paper, a processing approach is sketched that eventually
allows for retrieving a 3-D point cloud of point-like scatterers
based on subsequent PSI and SAR tomography processing of an
interferometric stack of high-resolution spaceborne TerraSAR-X
data acquired over the city of Barcelona between the years 2008
and 2012. Experimental results are presented in the form of (1)
vertical tomographic slices of high-rise buildings and (2) a 3-D
point cloud of a larger district of the city of Barcelona retrieved
from the tomograms.

Index Terms—Synthetic aperture radar (SAR), SAR tomog-
raphy, SAR interferometry, persistent scatterer interferometry,
interferometric stacking, spaceborne SAR, 3-D point cloud

I. INTRODUCTION

The high-resolution nature of spaceborne synthetic aperture
radar (SAR) sensors, such as TerraSAR-X, leads to a much
higher number of detectable point-like scatterers that are
coherent over time. The concept of SAR tomography provides
a means to overcome the restriction of conventional persistent
scatterer interferometry, namely, that only one scatterer is
present in a particular resolution cell. Taking advantage of
the elevation dimension by means of SAR tomography adds
valuable information about the structure of complex target
scenarios, such as urban areas (or forests). Three-dimensional
imaging of such scenarios from multibaseline SAR data has
been discussed by a number of authors [1]–[5] and [6]–[13]. In
the spaceborne case, ideally 25 up to 50 or even 100 repeat-
pass interferometric data sets of the same area with spatial
baselines perpendicular to the line of sight are required to
resolve targets also in the elevation direction.

In this paper, we present the status and our most recent
results of our efforts to combine SAR tomography with an
operational interferometric point target analysis (IPTA) soft-
ware as an extension to conventional PSI processing.

Experimental results based on an interferometric stack of
TerraSAR-X data over the city of Barcelona are presented.
In particular, we show (1) tomographic slices of high-rise
buildings obtained by means of computationally efficient ap-
proaches such as Tikhonov-regularized inversion and (2) a
three-dimensional point cloud of a larger district of the city of
Barcelona obtained through tomographic processing and local
peak detection.

II. METHODS

SAR tomography processing of spaceborne repeat-pass
SAR data requires that, prior to be able to perform tomo-
graphic focusing in the elevation direction, a PSI processing
sequence is performed to extract and remove the atmospheric
phase contributions [14]. Preprocessing steps include the se-
lection of a reference scene from a stack of SLC images,
geocoding the data using the multilook intensity image of
the reference scene [15], [16], and coregistration including a
refinement step using offset estimates between the data sets
of the stack. After a preselection of point target candidates,
based on spectral diversity and the temporal variability of
the backscattering, point differential interferograms are ob-
tained interactively. The topographic and orbital phases are
then simulated and subtracted from the point-wise complex-
valued interferogram followed by unwrapping and filtering to
isolate the spatially correlated phase contributions from high-
frequency phase contributions such as the residual topographic
phase. When a PSI solution is obtained, the low-frequency
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phase contributions are expanded to the full SLCs again, such
that tomographic focusing can potentially be performed at each
pixel location in the SLC to find additional multiple scatterers
in one range-azimuth resolution cell.

The underlying assumption for the system model is of quasi-
deterministic nature. Very few, typically one or two, dominant
point-like scatterers are expected to be found in a resolution
cell, and these scatterers are assumed to have a relatively stable
target phase over the entire time series. The system model can
be written as follows:

The complex reflectivity s of a point target source is

s = αeiφ, (1)

where α is the amplitude and φ is the phase of s. The complex
demodulated signal vector y for source s is

y = as (2)

where a = [1 eiϕ2 . . . eiϕK ]T is the steering vector with ϕm =
−2kc(rm − r1), m = 1 . . .K; kc is the central wavenumber
and rm is the range distance from the point scatterer to the m-
th sensor position. For p point target sources the signal vector
y, which represents the signal impinging on the antenna array
synthesized by the different orbit locations of the various SLC
acquisition in elevation direction, yields

y =
[
a1 . . . ap

] 
s1
...
sp

 = Bs. (3)

The matrix [a1 . . .ap] is summarized in matrix B called the
steering matrix.

The beamforming-based tomographic reconstruction of the
complex reflectivity ŝ along the elevation direction is obtained
by

ŝ = BHy. (4)

As a consequence of the non-uniform sampling of the to-
mography data the reconstructed profile in the elevation direc-
tion is usually affected by spurious side lobes. A tomographic
inversion method that regularizes the sampling geometry is
the truncated singular value decomposition (TSVD) approach
as it has been suggested and applied in the context of SAR
tomography in [17]. It starts with a singular value decompo-
sition of the steering matrix B = UΣVH . Depending on the
decay pattern of the singular values σn stored in the diagonal

matrix Σ, a noise threshold is set at the Q-th singular value.
All singular values σn, n = Q + 1, ...,K that lie below this
threshold, as well as their corresponding orthogonal vectors
un, vn, are discarded. The inversion is then performed via the
truncated pseudo-inverse V1,Q(Σ−1)1,QUH

1,Q of the steering
matrix B:

ŝ = V1,Q(Σ−1)1,QUH
1,Qy (5)

B is the steering matrix of size K×Nr, where K is the num-
ber of acquisitions and Nr is the number of equally-spaced
locations at which the profile in elevation direction is inverted.
Instead of setting a hard threshold at a specific singular value a
Tikhonov-regularized inversion can be performed. In this case,
the inverse singular values σ−1

nrt
of the matrix Σ−1 in eq. (5)

are replaced by the following weighting function:

σ−1
nrt

=
σn

σ2
n + ε2

, ε =

√√√√ K

K −Q

K∑
n=Q+1

|UH
Q+1,Ky|2. (6)

ε2 is the noise power level which is estimated from the
projection of the measured data to the noise space [5].

III. IMPLEMENTATION ASPECTS

The tomographic processing algorithms were implemented
as computationally efficient ANSI C programs making use
of the Linear Algebra Package (LAPACK) and Basic Linear
Algebra Subprograms (BLAS) libraries. Efficiency during to-
mographic processing will become even more important once
it will be used as a more operational extension to conventional
PSI processing.

IV. DATA

The data set used for the experiment consists of an interfer-
ometric stack of 45 TerraSAR-X stripmap-mode SLCs. The
data was acquired over the city of Barcelona between 2008
and 2012.

V. RESULTS

Figs. 1 & 2 show details of the resolved layover-situation
for two high-rise buildings, Torre Agbar and Torre MAPFRE
close to the Olympic Village in Barcelona. For both close-ups
the temporally averaged multi-look intensity image and the
corresponding tomographic transect in range/elevation as well
as the extracted raw point cloud are shown.
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Fig. 1. (a) Subset of the averaged intensity image of the TerraSAR-X
interferometric stack showing the layover situation for the Torre Agbar and
surrounding buildings in Barcelona. (b) Tomographic slice showing the slant
range / elevation plane of extended layover situation off the high-rise building
Torre Agbar. Focusing algorithm: single-look Tikhonov-regularized inversion.
(c) Extracted locations of stable scatterer candidates using a 2-peak detector.

In Fig. 3, the three-dimensional point cloud obtained by
subsequent PSI and tomographic processing followed by a 2-
peak detector with additional power thresholds is shown. The
colour coding represents the relative height of each individual
point with respect to the reference DSM (SRTM).

VI. DISCUSSION

The tomographic slices in the vertical plane show a good
side-lobe suppression. The tomographic profiles of the high-
rise buildings (Figs. 1 & 2) demonstrate how the layover
situation can be resolved. Up to two scatterers per resolution
cell are identified and extracted using a local peak detector.
Towards the upper end of the two towers the backscattering
signal is defocused or weaker—a potential source is cyclic
motion, which is not taken into account in the current inversion
process. Due to the high point density, a lot of details of
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Fig. 2. (a) Subset of the averaged intensity image of the TerraSAR-X
interferometric stack showing the layover situation for a tower close to the
Olimpic Village in Barcelona. (b) Tomographic slice showing the slant range
/ elevation plane of extended layover situation off a high-rise building close
to the Olimpic Village. Focusing algorithm: single-look Tikhonov-regularized
inversion. (c) Extracted locations of stable scatterer candidates using a 2-peak
detector.

the urban structure can be perceived when examining the 3-D
point cloud shown in Fig. 3. Visible features include elements
of building blocks and infrastructure elements found along
large streets and avenues. SAR tomography algorithms of the
type of the Tikhonov-regularized inversion are computationally
efficient; a drawback is a limited resolution compared to,
e.g. compressive sensing approaches, which in contrast are
computationally extremely expensive.
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Fig. 3. 3-D point cloud of point-like scatterers obtained by Tikhonov-regularized tomographic processing of an interferometric stack of 45 stripmap-mode
TerraSAR-X SLCs over the city of Barcelona. The colour coding represents the relative height with respect to the SRTM height model used as a reference.
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