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Synthetic aperture radar (SAR) is a powerful mature tech-
nique providing unique high-resolution two-dimensional
radio reflectivity images, representing the electrical and geo-
metrical properties of a surface in nearly all weather night-
and-day conditions. Range resolution is obtained through
signal modulation, while platform motion and synthetic
aperture processing allow azimuth resolution. Accurate mea-
surement of radio reflectivity is very useful for vegetation
and snow mapping, forestry, land-use monitoring, agricul-
ture, soil moisture determination, mineral exploration, and
for oceanography, hydrology, and geophysics.

Interferometric methods, based on further information
extraction from the phase difference among at least two
complex-valued SAR images, have successfully expanded in
the last two decades the remote sensing capabilities of SAR.
Depending on the acquisition configuration, SAR interfer-
ometry can provide efficient operational topographic map-
ping or displacement monitoring tools for land and ice ap-
plications. Sensitivity to topography with decimeter (from
aircraft) to meter (from satellite) accuracy is obtained by the
cross-track interferometric configuration, where the SAR ac-
quisitions are separated by a baseline orthogonal to the plat-
form flight path. Cross-track interferometry is finding many
applications in remote sensing fields where digital elevation

maps (DEMs) are useful, for example, for topographic and
urban mapping, geophysics, forestry, hydrology, glaciology,
siting for cell phones, and flight simulators. Sensitivity to
small surface displacements, of the order of a few millime-
ters, is obtained by the configuration of differential interfer-
ometry, exploiting time acquisition diversity on long (days
to years) time scales. Differential interferometry is an estab-
lished technique for analyzing ground displacements of tec-
tonic nature, for monitoring volcanic areas and slope insta-
bilities, as well as for capturing precursor displacements to
building collapses. Another promising SAR interferometry
mode allows also ocean surface (or moving vehicle) veloc-
ity sensing. This mode is termed along-track interferome-
try, since it exploits SAR acquisitions separated by a baseline
aligned with the platform flight path. It can be regarded as
a differential interferometry technique acting on short (frac-
tion of second) time scales to measure decimeter-to-meter-
per-second velocities. Further details on the various interfer-
ometric SAR techniques and their applications can be found
in the tutorials papers [1, 2].

The need for advanced signal processing techniques
within the interferometric SAR processing field is con-
tinuously increasing, for improving existing interferomet-
ric functionalities, producing novel parameter extraction
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capabilities, and fully exploiting the rich SAR data archives
and the potentials originated by new experimented and
planned interferometric SAR sensors (multi-baseline air-
borne and minisatellite cluster systems). Observing this
trend, we have put together this special issue. All of the sub-
mitted papers went through peer reviews to ensure their
correctness, technical significance, and relevance to the spe-
cial issue. It consists of ten papers on the development of
advanced models and new signal processing algorithms in
the interferometric SAR field, with an approach mainly ori-
ented towards the exploitation of statistical methods and
of baseline/time/frequency/polarization acquisition diver-
sity, to face the challenges of an accurate, reliable, and fully
capable interferometric radar remote sensing and to deal
with increasingly various and difficult scenarios. In partic-
ular, the papers concern the fertilization with, and applica-
tion of, methods and concepts from the areas of filtering, pa-
rameter estimation, spectral estimation, array processing, co-
herent data fusion, model inversion, detection, and physical-
based statistical modeling. System performance analysis and
fuzzy signal processing are also tackled.

The papers are categorized into four interferometric top-
ics: cross-track interferometry, differential interferometry,
polarimetric interferometry, and along-track interferometry.

Cross-track interferometry

Two limiting factors of the standard cross-track interferome-
try technique are the multiplicative speckle noise, originated
by the interaction of the coherent wave radiation with the
microscopic structure of the terrain in the resolution cell
(distributed scattering), and the 2π interferogram ambigu-
ity problems. Fusion of multi-baseline data has been intro-
duced for accurate estimation with reduced noise and phase
ambiguity problems. Several works have been carried out in
the past on multi-baseline fusion and on the related multi-
frequency fusion technique.

This area is quite mature, yet recently interest has risen
again in multi-baseline/multifrequency fusion through es-
timators incorporating also spatial (range-azimuth) statisti-
cal models. Applications fall mainly in the area of DEM re-
construction, though improvements may be also beneficial
for differential interferometry. Also, multifrequency fusion
is getting increasing attention thanks to the availability of a
growing number of wideband interferometric SAR systems,
allowing multifrequency operation through band splitting.
In the paper by Budillon et al. multi-baseline/multifrequency
cross-track interferometry is formulated in the Bayesian esti-
mation framework, thus leading to the derivation of a max-
imum a posteriori estimate of the terrain height based on
Markov random field a priori statistics.

Modern models of interferometric speckle are derived
from optics and are very diffused in the standard interferom-
etry. These are based on a spectral shift theory in the trans-
formed range domain, and can often allow, through spe-
cial SAR image preprocessing, filtering out the multiplica-
tive noise component from interferometric phase signals,

normally occurring on distributed scatterers. The paper
by Fornaro et al. extends the classic pixel-based phase-
only multi-baseline fusion towards a slope-based estimation
problem. A complex data-level fusion algorithm of multi-
baseline signals is derived, which allows accounting for the
spectral shift effect and thus obtaining an improved multi-
baseline DEM estimate.

Multi-baseline processing can also be targeted to estima-
tion of multiple signal components, in a framework anal-
ogous to that of array processing for direction-of-arrival
(DOA) estimation. Array signal processing concepts can be
applied to multi-baseline interferometry for separating mul-
tiple signals along the elevation direction, allowing a soft-
ware solution of problems associated with the perspective
ambiguities in the so-called layover geometries. In its more
general form, multi-baseline processing can be cast in an
imaging framework of continuous radar reflectivity distribu-
tions along the elevation direction. The resulting 3D SAR to-
mography technique allows full three-dimensional imaging
of semitransparent volume scattering layers, for example, for
forest structure investigation. Multi-baseline separation of
geometrical superposition effects is an emerging area where
recent work has resulted in significant advances. In the paper
by Lombardini and Gini the problem of estimating the num-
ber of multiple distributed scatterers is investigated. Model
order selection (MOS) is crucial both for correctly applying
superresolution algorithms and for interpreting the results
of nonparametric—Fourier-based or adaptive—algorithms.
MOS becomes a nonconventional problem in the presence
of speckle, which is the case for the typical scenario of ex-
tended layover terrain patches analyzed in the paper. Sensi-
tivity to speckle of classical eigenvalues-based MOS methods
and system tradeoffs are numerically investigated.MOS algo-
rithms robustification through diagonal loading is also con-
sidered.

Whenmultiple baselines ormultiple acquisition frequen-
cies are not employed, as it is still frequent for airborne DEM
production, solving the classical interferogram ambiguity to
derive absolute phase measurements is an extremely impor-
tant step in the interferometric processing chain. Interfero-
metric phase unwrapping has become a quite mature subject
after concepts from network flow programming were intro-
duced. However, performance improvementmay be still pos-
sible by refining spatial filtering which is important to en-
force a smoothness constraint of the phase field, on which
unwrapping relies. Also, room for research exists to incorpo-
rate the temporal dimension in the spatial unwrapping pro-
cedure in the case of repeat-pass multi-baseline acquisition
for differential interferometry.

The next paper by Aiazzi et al. addresses the former prob-
lem by an original application of fuzzy logic to restoration of
phase images, which are typically corrupted by nonstationary
noise. Space-varying filtering is stated as a blind structural
estimation problem of matching pursuit, in which multiple
estimators are calculated and used in a finite series expan-
sion in a fuzzy fashion. Simulated and real-data results show
that the concept is promising.
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Differential interferometry

This interferometric mode has been investigated for a long
time and is now in an operational status, yet there is still
room for improvements. Being a method intrinsically based
on repeat-pass acquisition, limitations of the basic differ-
ential interferometric technique are due to possible atmo-
spheric propagation phase artefacts and long-term temporal
decorrelation of the surface scattering. The possible baseline
speckle decorrelation is an additional limiting factor. These
problems are overcome by investigation of long-time series
and proper processing of data from highly coherent scat-
terers. Well-known permanent or persistent scatterers (PS)
techniques have been already successfully applied to mon-
itoring of ground deformation in many areas around the
world.

However, interference among multiple signal compo-
nents within a ground resolution cell, occurring especially
in urban areas, may lead to a reduction of the number of
monitored pixels and thus of the coverage density. The paper
by Ferretti et al. addresses this problem and discusses an im-
provement of the standard PS technique based on the adop-
tion of parametric modeling, thus leading to the concept of
higher-order differential interferometry. It is shown how the
PS density can be increased at the price of a higher computa-
tional load.

Differential interferometry can also be used for coher-
ent detection of small surface changes. Traditionally, coher-
ent change detection has been based on empirical obser-
vations of changes with little or no physical understanding
of the source of these changes. The paper by Williams and
Preiss demonstrates application of the latest coherent elec-
tromagnetic scattering modeling techniques to an analysis
and clearer understanding of the source of signal changes in
SAR interferometry. Such techniques provide the basis for a
more physics-based approach to the understanding and anal-
ysis of some temporal decorrelation effects in radar interfer-
ometry.

Polarimetric interferometry

Multi-baseline processing allows distinguishing multiple su-
perimposed scatterers in the elevation direction. An alterna-
tive or additional separation capability for parameter estima-
tion of multiple-layered volumetric scatterers has been ob-
tained by crossing polarimetric SAR with SAR cross-track in-
terferometry. The resulting polarimetric SAR interferometry
technique is based on inversion of multichannel (multipo-
larisation ormultipolarisation andmulti-baseline) scattering
models to coherently separate the contributions of different
scattering mechanisms. This approach leads to the possibility
of extracting important vegetation structure parameters such
as forest height and biomass even from a single-frequency
single-baseline interferometer. In its multi-baseline form, it
offers the potential for improved and refined 3D structure
estimation in vegetation mapping as well as in land ice and
snow thickness monitoring.

One of the key problems in polarimetric interferometry
is devising a rigorous statistical model which accounts not

only for the classical multiplicative speckle noise but also for
an additive noise component due to coherence estimation.
The paper by López-Martı́nez et al. describes a new model
intended to highlight the relative contributions of these two
components and hence to help in the estimation and filtering
of polarimetric interferometric data.

The next paper by Krieger et al. concerns a new method
for analyzing system performance in polarimetric inter-
ferometry. They introduce the concept of a phase tube
which is a multipolarisation extension of the more classi-
cal single-channel coherence analysis. This tube concept is
demonstrated by application to various future space-based
radar scenarios. The concept provides an important unifying
framework for the design of future multipolarisation inter-
ferometers.

Along-track interferometry

The acquisition configuration of this interferometric mode
is analogous to that of the displaced phase center antennas
(DPCA) and space-time adaptive processing (STAP) tech-
niques. Despite the large potentials for high-resolution radar
remote sensing of ocean surface currents, waves, and other
dynamical features, along-track interferometry is still much
less developed and less popular than cross-track and differen-
tial interferometry. This results partly from the fact that the
retrieval of surface current fields or wave spectra from inter-
ferometric radar images is somewhat difficult and requires
complex inversion techniques. This limitation is not yet fully
overcome. Along-track interferometry can also be employed
for land applications such as trafficmonitoring. However, the
possible short decorrelation times of the backscattered signal
from the ocean and other moving targets on the order of mil-
liseconds, as well as the relatively high velocities of interest,
may require an interferometric configuration with two an-
tennas on a single platform, which has not been available on
(civilian) satellites until now. Finally, the variety of applica-
tions and the commercial potential of along-track interfer-
ometry seem to be relatively limited. However, first satellites
with along-track interferometry capabilities will be launched
in the near future, and latest developments indicate a partic-
ularly vital interest in the technology for moving target indi-
cation and traffic monitoring activities. Also these important
developments are covered by two papers in this issue.

The paper by Chiu deals with moving target indication
via along-track interferometry and the use of a novel frac-
tional Fourier transform technique which leads to a signifi-
cant improvement of the signal-to-noise ratio in velocity and
position estimates for moving targets. The proposed method
is compared with a more conventional approach and applied
to airborne interferometric SAR data for a demonstration.

The last paper by Moccia and Fasano discusses the po-
tential of complementing the upcoming Italian COSMO-
SkyMed mission, which consists of four small satellites
with SAR sensors with the main objective to monitor the
Mediterranean area, by a fifth satellite for (cross-track and
along-track) interferometric measurements. Various pos-
sible orbit constellations are presented and evaluated in
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terms of measuring capabilities and availability of desired
interferometric baseline configurations in different geo-
graphical regions.

Also, in the paper by Budillon et al. mentioned in the
cross-track interferometry section, the multi-baseline/mul-
tifrequency concepts are extended to the along-track process-
ing. Interferometric phase statistics in presence of clutter are
computed and a maximum likelihood velocity estimation al-
gorithm formoving targets, which exploits only phase signals
acquired by different channels, is derived.

Finally, we would like to thank all the authors who re-
sponded to our Call for Papers for their contributions. We
would also like to express our thanks to all the reviewers for
dedicating their precious time to provide detailed reviews.
We would also like to acknowledge the support of Professor
Marc Moonen from EURASIP JASP’s Editorial Board. With
the help of all these contributors, we have fulfilled our expec-
tations, and hope that this special issue offers a considerable
and timely contribution to the area of signal processing for
interferometric synthetic aperture radar.

Shane Cloude
Gianfranco Fornaro

Fulvio Gini
Fabrizio Lombardini

Roland Romeiser
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