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Abstract—Applicability and efficiency of building height retrieval
from radiometric parameters on SAR images is here investigated.
The influence of an imperfect knowledge of ground truth is
studied by means of a theoretical analysis compared with results
deriving from simulation examples. For some cases, propagated
errors are quantitatively evaluated and discussed.
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I. INTRODUCTION
Nowadays, management and control of urban areas is
playing a role of growing importance and the scientific
community has been making every effort in finding new and
better technologies to be efficiently employed in urban areas
monitoring. Synthetic Aperture Radar (SAR) represents one of
the most powerful instruments in monitoring the growth and
the evolution of man habitat by supplying very fine images of
urban scenarios in all-weather conditions. However,
interpretation of SAR images relevant to urban areas is still an
open task. Many efforts must still be done in feature
extraction, i.e. in retrieving detailed information about objects
crowding an urban scene.
In two previous works [1]-[2], it has been demonstrated
that some parameters of the urban scene can be retrieved, in a
deterministic way, from high resolution SAR images: this is
basically done by employing a geometric model for the scene
and an electromagnetic model for the estimation of signal
return towards the radar. In [1] the availability of high
resolution SAR images has been shown to be a necessary
requirement for a reliable detection, in the SAR image, of
those contributions whose geometrical extension or
radiometrical brightness are directly linked to geometric and
electromagnetic parameters to be estimated. In some cases the
deterministic feature extraction technique on high resolution
SAR images performs relatively better than other stochastic
methodologies [2]; moreover, use of the deterministic model
can provide the estimation of some scene parameters (i.e.,
buildings’ heigths) with a very high accuracy, provided that an
a-priori knowledge of some other parameters characterizing
the scene is available. But these requirements for the

deterministic model are not always fulfilled. As a matter of
fact, even if in the immediate future new SAR sensors will
guarantee image resolution of the order of 1 meter (as the
German TerraSAR-X [3], the launch of which is scheduled for
June 2006), ground truth of detected scene is usually
unknown.
In this paper, the influence of an imperfect ground truth
knowledge, on the application of deterministic method for
urban feature extraction, is investigated.
In Section II, building height retrieval by a deterministic
approach is summarized in order to highlight scene and radar
parameters involved and requested for height extraction.
In Section III a sensitivity analysis, in which the error
propagation is computed, is discussed.
Particularly, as in [2], the building height is considered as
the parameter to be estimated through the double reflection
brightness [1], and the influence on this estimation of other
scene parameters, also involved in multiple reflections of
second order, is evaluated.
For some a-priori unknown parameters a quantitative
analysis expressing their relative influence on building height
retrieval has been carried out. In Section IV the theoretical
framework has been fully verified by comparison with
examples based on simulated SAR images of canonical scenes
in order to evaluate the efficiency, reliability and future
applicability of the proposed method to real SAR images. The
most interesting results and the still open questions are finally
discussed.
II.

BUILDING HEIGHT RETRIEVAL FROM DOUBLE
REFLECTION

In the last years, different approaches for feature extraction
on man-made objects have been developed. As far as the
building height is concerned, in most cases information is
retrieved by geometric parameters measurable on SAR images
[4],[5]. In two previous works [1],[2], we demonstrated that
some parameters of the urban scene, the building height in
particular, can be retrieved, in a deterministic way, from high
resolution SAR images: the method is based on a geometric
model for the scene, according to which buildings are modeled

as parallelepipeds with smooth faces on a rough terrain, and
on a electromagnetic model for the estimation of signal return
towards the radar. In addition, we showed in [6] that, at least
in theory, the building height can be retrieved not only from
geometric parameters but also from radiometric ones
measurable on SAR images. Our attention was there focused
on double bounce for the linear relationship between its
contribution to the radar cross section and the building height
in the Geometric Optics (GO) approximation. But in [6] the
good and promising results in building height retrieval were
paid with a high a-priori knowledge of some parameters
characterizing the scene, necessary for the application of
deterministic method. So, the influence of such knowledge on
final results needs to be investigated.
In this paper we propose to look into the applicability of
deterministic extraction to actual SAR images, studying the
influence of some (inaccurately known) parameters on those
to be retrieved. Precisely, the analysis has been performed on
scene and radar parameters influencing the building height
retrieval from the double reflection contribution to the radar
cross section.
Based on the results of [7], we showed in [6] the
relationship between these sets of parameters and the building
height h when the Kirchhof approach in the Geometric Optics
approximation represents a good electromagnetic model for
computing the double bounce signal backscattered towards the
radar. That equation in [6] can be rewritten as:
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where σ0 is the radar cross section, θ is the radar look angle, φ
is the angle between the radar flight trajectory and the building
wall orientation, σ and L are, respectively, standard deviation
and correlation length of stochastic process describing the
microscopic profile of ground, Spq is the generic element of
scattering matrix, with p and q each standing for h or v
(horizontal or vertical polarization).
In a more synthetic and symbolic way, expressing Spq in
terms of εs and εw that are the complex dielectric constants of
the soil and the building wall, respectively, (1) can be
summarized as
h = f (σ ,ϑ , ϕ , σ , L, ε s , ε w )
o

(2)

Now, some of the scene parameters in (1), even if a-priori
unknown, can be extracted in a few steps from the SAR
image. For this reason, in this work we shall refer to them as
to “partially unknown” parameters. The radar cross section σO
and the angle φ belong to this set: in fact, the first one is
known, except for a calibration constant, by measuring the
grey levels of the double reflection contribution in the SAR
image, while the second one can be readily retrieved by
estimating the orientation of some bright lines on SAR images
and only knowing the radar parameters.

Instead, we termed as “totally unknown” those parameters
that can not be readily retrieved, including, for instance, all the
parameters of the stochastic process employed to describe the
soil roughness, and the complex dielectric constants of objects
of different material in the scene. The introduced terminology
is linked to the complexity (in terms of number of needed
SAR images, kind of image, number of steps, linearity or not
linearity in extraction procedure) of the existing techniques to
estimate them from the SAR images. Moreover, for many
reasons, ground truth on these parameters can be often not
available because of rapid changes in the scene or not
accessibility of the scene itself. So, an investigation of the
influence of an imperfect knowledge of some parameters on
the building height retrieval, by means of deterministic
method, is needed and it is detailed in the next Section.
III. SENSITIVITY ANALYSIS
There are principally two ways in which a sensibility
analysis can be lead. The first one is the analytical way by
means of which a quantitative and general expression, relating
the error on the knowledge of ground truth to the one on height
valuation, can be found. Sometimes, such an analytical
expression cannot be obtained, or it is too involved to be used
in practice. In this case, an empirical sensibility analysis based
on simulation examples can be more convenient, even if it does
not lead to very general conclusions.
For the building height retrieval by deterministic method,
both quantitative and qualitative analyses have been carried out
for a valuation of error propagation.
Let us consider, for example, an imperfect knowledge of
“totally unknown” parameters, in particular of soil roughness
parameters σ and L. For the sake of simplicity, we consider one
error at a time. Then, if we know the standard deviation σ with
an error ∆σ, it means that the building height is known with the
following error:

∆h =
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We can note that, for a building wall parallel to the radar
flight trajectory, i.e. for φ=0, the error will be:

∆h = 2h

∆σ

σ

.

(5)

Equations (3)-(5) state the higher the building the bigger
the error on height evaluation due to an error on ground
roughness knowledge. Moreover, being 0<θ<π/2 and 0<φ<π/2,
the error ∆h presents the same signum of ∆σ. Finally, for φ=0,
the height relative error is twice the relative error on σ.

Analogously, a simple quantitative analysis can be done
considering an error on the correlation length L. Very complex
derivatives, instead, need to be computed when we try to
evaluate the consequences resulting from an error on the
knowledge of the angles φ or θ. In fact, from (1) we see that the
relationship between h and φ or θ is really intricate, also
because of the scattering element Spq which is different for
every couple of transmitting/receiving polarization modes.
With regard to the influence of an error on the knowledge
of the complex dielectric constants, involved in the scattering
matrix too, at the moment this is a work in progress that will be
presented in future papers.
Some considerations about the importance of the error in
(3)-(5) are now in order. For the sake of simplicity, let us focus
our attention on the particular case of φ=0, i.e. on (5). This
allows us to not consider, for the moment, the influence of the
angles and of the correlation length. More general results for
φ≠0, obtained by means of simulation examples, are presented
in the next Section. From (5) we see, for example, that a
relative error of 10% on the knowledge of standard deviation
leads to an error of 20% on the building height. It means that
an error of a few centimeters on the standard deviation can lead
to an error of some meters on the building height. This
expected result, confirmed by simulation examples, can be
improved according to some considerations which implicitly
told us when and where the deterministic method for building
height extraction can be applied. In our method, the height of
two buildings has to be known in order to radiometrically
calibrate the SAR image [8]. This operation aims at making the
measurements independent of the employed instrument and lies
in determining two constants, one multiplicative, due to
unknown signal amplification and attenuation, and the other
additive, due to the background noise, also called ‘offset error’,
see [8]. Now, let us suppose that the buildings used for
calibration, and those whose height has to be retrieved, are all
placed on soils with the same roughness parameters. For this
instance, an imperfect knowledge of such parameters is not
influent on the final result because the error they bear will be
embedded in the multiplicative calibration constant. This
consideration represents a guide line in choosing a good set on
the SAR image for which a deterministic extraction of building
height can ensure accurate results.
Actually, errors due to the imperfect knowledge of different
parameters are never isolated. But the influence of a
simultaneous occurrence of errors is very difficult to be
investigated by means of quantitative analysis of error
propagation. Now we are checking it by means of simulations;
final results, obtained on both simulated and real SAR images,
will be presented at the conference.
IV.

EXAMPLES

In this Section, our aim is comparing errors occurring on
building height retrieval by deterministic approach on
simulated SAR images with those expected by applying a
quantitative analysis as explained in Section III. These first
studies are interesting for a better understanding of future
applicability of feature extraction method explained in [1],[6]
at real SAR images.
According to the geometric model adopted in [6], we
considered a canonical scene constituted by three buildings on

rough terrain. Radar parameters adopted in simulations are
typical of airborne sensors, with a carrier frequency of 1.282
GHz. Scene parameters, instead, are listed in Table I. In
simulation examples, we let φ vary from 20 to 40 degrees with
steps of 5 degrees and observed changes in height extraction of
central building when an error of ±10% on real value is
considered for standard deviation σ. The errors ∆hT have been
obtained by theoretic analysis by means of (3) and (4)
substituting h with the real value of the central building height
(i.e. 20 m). These errors have been compared, in Table II, with
those deriving by simulation examples, ∆hS. The term ∆hS is
the difference between the height that we would have retrieved
for ∆σ=0, which is already affected by calibration errors, and
that one retrieved for ∆σ=±0.0019m. Table II needs some
comments. Results deriving from theoretical analysis appear, in
general, more severe than those measured on simulated SAR
images. It can sound strange because the theoretical error on
building height we compute by (3) is really due only to the
error on deviation standard and is not affected by error in
calibration or in the operation of extracting double reflection on
the SAR image. Instead, these errors are intrinsically present in
the procedure of building height extraction and surely affect the
measure of ∆hS. Moreover, according to Table II, increasing of
the angle φ seems not to particularly affect simulation errors
like theoretical ones.
For a better understanding of efficiency of the proposed
approach, in Tables III and IV the comparison is made directly
between the expected and the retrieved heights. Tables III and
IV are relevant, respectively, to ∆σ=+0.019m and ∆σ=0.019m. The errors committed respect to the real height value,
called hTRUE, are also indicated. Obviously, for both Tables III
and IV, the third column agrees with the second one of Table
II. We note that, a part from one case in Table III, in general
the retrieved height is better than the expected one. But, as we
already said, more errors have been actually taken into account
in the simulation examples. So, we are now wondering whether
the presence of further errors on our knowledge of ground truth
can indeed improve, and not worsen, the building height
retrieval. The presence of multiple errors is at the moment
under study by means of simulation examples as, for this case,
theoretical analysis seems to the authors a way that can not be
proposed. Application to real SAR images is also in progress to
check feasibility of the proposed approach.
TABLE I.

SCENE PARAMETERS

Buildings length and width

100 m x 100 m

Buildings height

10, 20, 30 m

Roof and wall dielectric constant

3

Roof and wall conductivity

0.01 S/m

Ground dielectric constant

4

Ground conductivity

0.001 S/m

Ground standard deviation

0.19 m

Ground correlation length

1.54 m

Image
resolution
azimuth)

(range

x

4.839 m x 2.571 m

TABLE II.
φ [degrees]

THEORETIC ERROR VS .SIMULATION ERROR

∆ hT
[m]

∆ h S [m], ∆ σ =0.019

∆ h S [m], ∆ σ =-0.019

m

m

20

±4.39

4.62

-4.20

25

±4.59

3.64

-3.31

30

±4.83

3.68

-3.36

35

±5.09

3.70

-3.38

40

±5.36

3.41

-3.12

[2]

[3]

[4]

[5]
TABLE III.

COMPARISON BETWEEN EXPECTED AND RETRIEVED
HEIGHTS. ∆σ=0.019m.
∆ hT =hT-hTRUE

hS[m]

∆ h=hS-hTRUE

φ [degrees]

hT [m]

20

24.39

4.39

27.87

7.87

25

24.59

4.59

22.51

2.51

30

24.83

4.83

22.29

2.29

35

25.09

5.09

24.41

4.41

40

25.36

5.36

23.35

3.35

TABLE IV.

[m]

[m]

COMPARISON BETWEEN EXPECTED AND RETRIEVED
HEIGHTS. ∆σ=-0.019m.
∆ hT =hT-hTRUE

∆ h=hS-hTRUE

φ [degrees]

hT [m]

20

15.61

-4.39

19.05

-0.95

25

15.41

-4.59

15.56

-4.44

30

15.17

-4.83

16.43

-3.57

35

14.91

-5.09

17.33

-2.67

40

14.64

-5.36

16.83

-3.17

[m]

hS[m]

[m]

CONCLUSIONS
In this paper we discussed reliability of deterministic feature
extraction applied to SAR images for building height retrieval.
By means of a sensitivity analysis, the influence of an
imperfect knowledge of some scene parameters on the
building height valuation has been investigated. Tests on
simulated SAR images, in which other errors are intrinsically
present, show better results than theoretical ones which,
maybe, can give an idea of maximum errors expected. More
complicated simulations and application to real SAR images
are at the moment in progress to check in depth feasibility of
deterministic approach.
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