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Abstract—Persistent scatterer interferometry relies on the
assumption that only one dominant scatterer is present per
range-azimuth resolution cell. If this criterion is not met the
point target candidate is discarded during the iterative processing
sequence. This one-scatterer assumption contrasts with the fact
that in urban scenarios layover is an ubiquitous phenomenon,
and, therefore two or even more scatterers per resolution cell
occur frequently. SAR tomography has the potential to support
persistent scatterer interferometry in urban areas by providing
a means to identify and separate two scatterers in elevation
direction. In this paper, we explore an interferometric stack
consisting of 25 ENVISAT/ASAR SLC images over Bucharest
using SAR tomography approaches combined with interfero-
metric point target processing. Elevation profiles are extracted
using beamforming and truncated singular value decomposition
focusing approaches.

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

I. INTRODUCTION

SAR tomography and differential SAR tomography are SAR
imaging concepts that allow for a true three-dimensional and
potentially even four-dimensional inversion of the spatiotem-
poral localization of scatterers. By exploiting the third imaging
dimension SAR tomography adds valuable information about
the structure of complex target scenarios thereby supporting
a variety of SAR applications, such as forest parameter re-
trieval, structure information in urban areas, and retrieval of
additional point targets in such scenarios. In SAR tomography,
a large aperture is synthesized not only along-track, but
also in elevation direction: By synthesizing an aperture from
multiple repeated passes of the sensor, multiple backscattering
sources that lie within one range-azimuth resolution cell can
be resolved. 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, or potentially
even in space and time.

While 3-D tomographic reconstruction from multibaseline
SAR data has been demonstrated by a number of authors in
different scenarios, such as urban areas [1]–[5] and forest envi-
ronments [6]–[12], research and development is still required
to bring the techniques to an operational level [13].

In this contribution, we explore an interferometric stack of
ENVISAT/ASAR SLC images over Bucharest, Romania, by
analyzing selected point targets using the tomographic inver-
sion approaches: (1) beamforming and (2) truncated singular
value decomposition (TSVD), and (3) singular value decompo-
sition using Tikhonov regularization. The performance of the
algorithms with respect to tomographic focusing of selected
point targets is discussed.

II. DATA

The number of ENVISAT/ASAR SLCs K = 25 available in
this stack is at the lower end of what is typically recommended
for persistent scatterer processing. Note also, that the total
time span between the acquisitions is roughly 6 years. In
terms of favorable prerequisites for tomographic processing,
this situation is non-ideal, however, it is a rather typical case
occurring in PSI-based deformation extraction. In particular,
covering a long time-series often is of advantage to extract
slow deformation.

Fig. 1(a) shows the temporal and spatial baseline constella-
tion of the interferometric stack. In Fig.1(b) the distribution of
the point targets over the imaged scene is depicted. The pattern
corresponds to unwrapped low frequency spatial variations
of the interferometric phases which are attributed mainly to
atmosphere and which are isolated during PSI processing.
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Fig. 1. (a) Temporal and spatial perpendicular baseline components Bp of the interferometric stack of ENVISAT/ASAR SLC data (descending orbit no. 465)
over Bucharest, Romania, with respect to a single reference. The distribution of Bp indicates the irregular sampling in the elevation direction. (b) Overlay
of the atmospheric phase pattern estimated at point target locations and the geocoded averaged multi look intensity image. For each layer of the SLC stack
atmospheric phase and deformation phase estimates are obtained from an initial PSI processing to provide a better phase calibration as a starting point for
the tomographic processing.

For this data set, the approximate resolution δn that can
be expected from tomographic focusing using beamforming
in the elevation direction is δn = λr

2L = 15.5m , where L =

1563.2m is the maximal length of the synthesized aperture
in elevation direction. Accounting for the irregular sampling
the unambiguous imaging extension in elevation direction is
approximately 65 − 70m.

III. METHODS

Before tomographic imaging in the elevation direction is
applied to the spaceborne interferometric stack, the data have
to undergo a number of processing steps, essentially a PSI
processing sequence, in order to isolate the atmospheric phase
component [14]. The preprocessing steps include:

1) Selection of reference scene from stack of SLC images.
2) Geocoding using the multilook intensity image of the

reference scene.
3) Coregistration including a refinement step using offset

estimates between the data sets of the stack.

Then, persistent scatterer candidates are selected based on
spectral diversity and the temporal variability of the backscat-
tering. In a next step, point differential interferograms are
obtained in an iterative manner. For each persistent scatterer
candidate, the topographic and orbital phases are simulated and
subtracted from the point-wise complex-valued interferogram

followed by unwrapping and filtering in order to isolate the
spatially correlated phase contributions from high-frequency
phase contributions such as the residual topographic phase.
Once an acceptable PSI solution is obtained, the tomographic
focusing algorithms can be applied.

Estimators such as Capon and MUSIC rely on an ensemble
average of the sample covariance matrix. While they permit to
obtain a focused image in elevation direction, the resolution
is decreased in range/and azimuth. Since, for now, we deal
with a preselected set of point targets, beamforming and
truncated singular value decomposition (TSVD) based tomo-
graphic focusing approaches are applied. These methods allow
for tomographic processing without compromising the range
and azimuth resolution through multilooking. The resulting
location of the most prominent scatterers provides additional
information about the localization of potential additional point
target candidates.

In the following, the system model and the tomographic
inversion approaches are briefly introduced. For a more com-
prehensive treatment of the subject the reader is referred to
the respective references.

The complex reflectivity s of a point target source can be
described as

s = αeiφ, (1)
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where α is the amplitude and φ is the phase of s. So the
complex demodulated signal vector y for that particular source
s yields

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.

Then, for p point target sources the signal vector y, which
represents the signal impinging on the antenna array synthe-
sized by the different locations of the various SLC acquisition
in elevation direction is

y =
[
a1 . . . ap

]
s1
...
sp

 = Bs. (3)

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

A straight-forward reconstruction—the beamforming case—
of the complex reflectivity ŝ along the elevation direction is
obtained by

ŝ = BHy (4)

Since the sampling of the tomography data is non-uniform
in the elevation direction the reconstructed profile is prone to
spurious side lobes. A method that provides a regularized in-
version is the truncated singular value decomposition (TSVD)
approach as it has been suggested and applied in the context
of SAR tomography in [15]. It starts with a singular value
decomposition of the steering matrix B = UΣVH . Depend-
ing 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
number of acquisitions and Nr is the number of equally-
spaced locations at which the profile in elevation direction
is inverted.

Another approach to regularize the inversion is the
Tikhonov-regularization. Instead of setting a threshold be-
tween signal and noise space, the inverse singular values σ−1

nrt

are weighted according to the following scheme

σ−1
nrt

=
σn

σ2
n + ε2

, (6)

where ε2 is the noise power level. This method was reported
to provide more stable performance in [5].
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Fig. 2. Example of the decay of the singular values for a point target
location taken from the ENVISAT/ASAR data stack.
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Fig. 3. Tomographic profile of reflectivity in elevation direction as estimated
at the location of a selected point target from the ENVISAT/ASAR data
stack over Bucharest. Red: beamforming, green: truncated singular value
decomposition, blue: SVD using Tikhonov regularization. The singular value
threshold is set to 6 for TSVD and also for the calculation of the weights for
weighted SVD.
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IV. RESULTS

Fig. 2 shows the distribution of singular values obtained
from the singular value decomposition of the steering matrix
for a selected location that was previously selected as a point
target in the PSI processing. In Fig. 3 tomographic profiles
obtained from the inversion methods beamforming, TSVD,
and SVD using Tikhonov regularization are given. It has to
be noted that for the SVD based methods the noise floor has
to be chosen carefully. Choosing the 6-th singular value as
a threshold is not very obvious from examining Fig. 2. A
noise floor starting from 17 seems to be more likely. However,
the latter would lead to high-frequency disturbance of the
reflectivity signal.

V. DISCUSSION

Tomographic imaging in the elevation direction was applied
to selected point targets previously obtained by PSI-processing
of an interferometric stack over Bucharest, Romania. The
focusing behavior using the beamforming and the truncated
singular value decomposition as well as using Tikhonov-
regularization was found to be rather unstable for the particular
data set which consists of only 25 SLCs. The relatively low
number of acquisitions together with the rather nonuniform
sampling in elevation direction is suspected to be the cause. It
is intended to further test these algorithms with different types
(different sensors, number of SLCs, sampling) of spaceborne
interferometric stacks in order to obtain a better picture of the
potential and limitations with respect to the added-value for
the interferometric point target processing of spaceborne SAR
data, in particular for reliably separating multiple targets in
one resolution cell.
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