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Abstract— This paper describes the characterisation of buildings using fully polarimetric interferometric SAR data at Lband. This analysis is performed in two steps. Urban targets
are first discriminated from surrounding natural media, using
a polarimetric classification procedure. Then, urban objects are
characterised by their shape information. The length and width
is obtained using a superresolution procedure. An interferometric
phase estimation, based on ESPRIT principle, is applied for the
retrieval of the heigth of different media and specifically for the
heigth of the buildings.

I. I NTRODUCTION
The characterisation of three-dimensional (3-D) structures,
like buildings, from complex L-band SAR data is a complex
task. Problems arise due to the varying nature of highly
spatially concentrated targets like buildings, green areas and
infrastructures (roads, bridges...). Normally, X-band SAR data
are used for this purpose, but L-band waves have a high
penetrability in volume area and it is possible to use this
property for building characterisation.
Pratically, the analysis of man-made areas may be decomposed into two steps: detection of the different types of
contributors as well as the extraction of their geometrical
parameters. The detection step performs a discrimination of
man-made targets from surrounding natural media, present on
the scene, using a polarimetric segmentation. The principle is
described in part II.
In order to improve the result of the polarimetric segmentation, it is necessary to inhence the resolution of the L-band
SAR images. In the airborne case, due to the variation of the
incidence angle, the wavenumber shift [1] between the two
images is not constant over range. In part III, a range resolution
enhancement algorithm is presented, which takes into account
locally varying wavenumber shifts. By this approach, results of
classification give a better discrimination of the double bounce
class, which is use to localise the edge of buildings.
A high-resolution method is used for the determination
of dominant local scatterers and the estimation of the corresponding interferometric phases. This approach is based
on ESPRIT algorithm and usually employed for direction
of arrival (DoA) estimation on an antenna array. Here, this
approach is used over built-up areas, in order to estimate
the nature of the different scattering mechanisms and recover
phase corresponding to the top of building. Then, the height
is recovered using classical interferometric phase analysis.

The efficiency of this three-dimensional built-up area structure extraction is demonstrated using fully polarimetric multibaseline SAR images, obtained from DLR-ESAR airborne
sensor in L-band repeat-pass mode.
II. P OLARIMETRIC C LASSIFICATION
A classification based on a physical interpretation of scattering is necessary in order to identify the different media present
on the scene. This segmentation is applied to single POLSAR
data.
A. Unsupervised Wishart H-A-α segmentation scheme
In a monostatic configuration, the sample coherency matrix
is define from the element of the scattering matrices as:
1
[T ] = h~k~k † i with ~k = √ [SHH +SV V , SHH −SV V , 2SHV ]T
2
(1)
where ~k is the target vector. For homogeneous areas, the nlook coherency matrix, [T ], follows a complex Wishart density
function, WC (n, Σ) from which it is possible to define a
Maximum Likelihood (ML) classifier [2] which assigns to
each pixel of the SAR image a class Xm minimising the
following distance:
d([T ], Xm ) = ln | [Σm ] | +tr([Σm ]−1 [T ])

(2)

where [Σm ] is the mean covariance matrix of the class
Xm . The unsupervised Wishart H-A-α segmentation scheme
consists in the iterative k-mean clustering procedure using the
ML distance defined in (2). The initialisation of the segment
centres in the coherency matrix space requires the use of
the polarimetric indicator H (entropy), A (anisotropy) and α,
derived from an eigendecomposition of the sample coherency
matrix [T ].
B. Data Set Characterisation
The estimation of the nature of the scattering mechanism is
given by an interpretation of the polarimetric indicator. H indicates the random aspect of the global scattering phenomenon,
A denotes the relative importance of the two secondary scattering mechanisms, and α indicates the nature of the scattering
mechanism. It varies from 0, corresponding to a isotropic
surface to 90 indicating a isotropic dihedral or helix. In [2],

[3] the procedure of the segmented H-A-α characterisation is
presented.
This allows to segment data into 3 main categories: double
bounce (may indicate the presence of buildings), single bounce
(surface reflection), and volume scattering (e. g. forest area).
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B. The principle of the superresolution
The range resolution of a SAR image is given by:
c
(3)
2W
with W represents the range bandwidth and c is the speed of
light. Thus, the resolution improvement needs to increase the
effective bandwidth W . Like the bandwidth is governed by the
system, this value cannot be change during data acquisition.
The idea of the superresolution is now to determine an
increased bandwidth of the ground reflectivity spectrum, by
combining two spectra of images obtained with a slightly
different incidence angle. In tha airborne case, the spectral
shift is strongly range dependant and a spectral adjustement
is necessary before both spectra can be joined.
δr =

C. The superresolution algorithm
Volume diffusion

Fig. 1. POLSAR dataset segmented using Unsupervised Wishart H-A-α
classification.

Fig. 1 shows segmentation results after applying a Wishart
H-A-α classification and the characterisation described in [2],
[3]. The red zones indicate double bounce, which designates
the presence of buildings and are located at the same place
than buildings. However, some building groups are identified
as forested area and some vegetation parts are seen as double
bounce.

The superresolution algorithm for the airborne case consists
out of two steps. The first step is a range dependant spectral
shift, in order to align the spectra of both images. The
second step is a spectral combination, in order to form a
superresolution image with increased bandwidth. A schematic
overview of this algorithm is shown in Fig. 2.

III. S UPERRESOLUTION SAR
The use of the superresolution principle and the high
resolution method is helpful to improve the detection and
characterisation of building. The superresolution principle is
use in order to improve the range resolution and thus to
improve the double bounce classification scheme. The use of
high resolution method allows the estimation of interferometric
phase of different main scattering mechanisms, and then to
identify building from surrounding. These two approaches are
presented in the following sections.
A. Introduction
The spectra of two SAR images obtained from slightly
different look angles contain different parts of the ground
reflectivity spectrum. This effect is known in SAR interferometry as ”wavenumber shift” [1]. The basic principle of
superresolution is to combine coherently the different parts of
the measured spectra, in order to increase the total bandwidth.
In this way, an image with enhanced range resolution can be
obtained.
Due to the variations of the incidence angle, in the airborne
case, the wavenumber shift between the two SAR images is
not constant over range. Consequently, this means that the
possible resolution enhancement is range dependant. In the
following, a range adaptative algorithm is described, which
takes into account locally wavenumber shifts.

Fig. 2.

Block diagram of the proposed superresolution algorithm.

As it is known from literature, the amount of spectral shift
in the frequency domain corresponds to the range frequency of
the interferometric phase in the time domain [1]. Neglecting
topographic effects, the interferometric phase is equal to the
flat-earth phase correponding to the processed reference plane.
In the airborne case, its shape is strongly curved, following:
4π
(R1 (r) − R2 (r))
(4)
λ
where φf e is the flat-earth phase and R1 (r) and R2 (r) denote
the slant-range distances between the sensor and a target
located at the respective range r. The curvature of the flat-earth
phase thereby reflects exactly the range dependence of the
spectral shift. In range compressed data, the impulse responses
are well located and it becomes approximately correct to
φf e (r) =

associate every range-bin a local spectral shift, given by the deviation of the flat-earth phase. This derivation can be assumed
to constant over the extent of an impulse response, as the flatearth phase is a slowly varying function. By multiplying one
of the complex SAR images by exp(iφf e /2) and the other
by exp(−iφf e /2), a spatially varying frequency shift compensation in the frequency domain is applied symmetrically
on both images. After this operation, all target spectra are
aligned, independently of their range position [4]. The use of
the flat-earth phase instead of the real interferometric phase
for compensating the spectral shift neglects influences of the
topography on the local incidence angle and, therefore, on the
local spectral shift. To compensate this error, an additional
phase correction has to be applied on one of the images.
The required phase function is the residual topographic phase,
φtopo , whose ”wrapped” form can be estimated by forming
the interferogram between the two images after spectral shift
compensation.
The second part of the algorithm is the spectral combination
of both images. To avoid sudden jumps in the final spectral,
it is helpful to use a continuously characteristic filter, which
is calculated from the overlap of the two ground reflectivity
spectra. This filter ensures a smooth transition from one
spectrum to the other, while information coming from the
uncorrelated part are not affected.
D. Results
The algorithm described above is applied to L-band repeatpass fully polarimetric data of the Oberpfaffenhofen/Germany
test site, acquired by DLR’s E-SAR airborne sensor. The two
passes have an average horizontal and vertical baseline of
240,8 m and 0,5 m, respectively. A new superresolution image
is formed in each initial polarisation channel (HH, HV , V H,
V V ). From this new data set, a polarimetric segmentation
is performed. Fig. 3 shows the double bounce area from
superresolution images. On this image, the building edge are
well located by their L-form. Using superresolution principle,
the building shape retrieval is significantly improved.
IV. P HASE E STIMATION U SING ESPRIT A PPROACH
Backscattered waves result from the sum of contribution
corresponding to different scattering mechanisms. Depending
on the nature of the obseved medium, the value of the resulting
interferometric may vary in a significant way. The use of the
ESPRIT technique permits to separate the different scattering
mechanisms and to estimate the main interferometric phase.
The signals acquired during an interferometric measurement, s1 and s2 , may be written as:
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Fig. 3.

Double bounce area (superresolution data)

where pq denote the polarisation channel (HH, HV , V H,
V V ). These signals consist of a sum of d different elementary
0pq
pq
denoting
and ζm
scattering contributions represented by ζm
the normalised backscattering coefficients of the m-th local
0
scatterer in the pq polarisation, and σm and σm
denoting
the intensity of the m-th local scatterer. R is the slant range
distance from the master orbit. ∆Rm is the range difference
of the m-th scatterer between master and slave tracks. Finally,
npq
m denotes additive Gaussian noise in the pq polrisation
channel. Using a matrix and vector notation, (5) may be
written as:
~s1 = [A]~σ + ~n1 and ~s2 = [A0 ]~σ 0 + ~n2
HV
VH VV T
with ~s1,2 = [sHH
1,2 , s1,2 , s1,2 , s1,2 ]

(6)

In the case of sufficiently small baselines, scattering coefficient of each local scatterer for both interferometric acpq
0pq
,
quisitions are assumed to be remain identical: ζm
= ζm
0
σm = σm . Then, ~s2 may be simplified as follows:
~s2 = [A][Φ]~σ +~n2 with [Φ] = diag{eiφ1 , eiφ2 , · · · , eiφd } (7)
The form of (6) and (7) are adapted to the TLS-ESPRIT
algorithm. Thus, the interferometric phase of each dominant
scatterers can be estimated from [Φ] ( see also [5], [6]).
A. Application to SAR data
The ESPRIT approach is applied on L-band repat-pass fully
polarimetric data of the Oberpfaffenhofen/Germany test site,
acquired by DLR’s E-SAR airborne sensor. The two passes
have an average of 6 m baseline.
Fig. 4 shows an optical image of the test site. (1) indicate
the building under study.

Fig. 4.

Optical image of the Oberpfaffenhofen test site.
Fig. 6.
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Fig. 5.

Optical image of the test site.

Estimated height over the building under study.

R EFERENCES
Fig. 5 shows the estimated height profile provides using
ESPRIT approach after phase to height conversion. The behaviour of the height profile indicates the nature of the target.
In the area under study, there are 2 targets, trees (A and B)
and a building (C). The estimated height reaches a same value
over the building whereas these values are different over trees.
Using this statement, it is possible to localise the position
of buildings, and using estimated height information, a 3-D
images of buildings is shown by Fig. 6. On this representation,
all vegetal information is removed, only surface and building
information is keeped. The building groups (1 → 5) are well
defined. Fig. 7 represents the ground truth using a optical
image with the localisation of the building groups.
V. C ONCLUSION
This paper presents a building characterisation using L-band
interferometric polarimetric SAR data by two approaches. The
shape and orientation is given using a superresolution algorithm and a polarimetric segmentation. This superresolution
method improves the range resolution of the data and permits
to get a better accuracy for the polarimetric segmentation. The
localisation and the height extraction is given by the use of
ESPRIT method. This approach gives two estimated phase of
dominant scattering mechanisms which are used to give better
accuracy in height extraction.
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