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ABSTRACT 
The SPINUA (Stable Point INterferometry over Un-
urbanised Areas) processing chain has been developed 
and tested in the framework of ASI-, ESA- and EU- 
funded projects, and represents an effort to adapt and 
optimise the general approach of long-term SAR inter-
ferometry for the study of un-urbanised areas such as 
those typical of Mediterranean sites affected by slope 
instabilities. In this work, the SPINUA processing 
framework is presented organically, highlighting inno-
vative aspects and some ad hoc solutions which render 
the tool flexible and suitable for applications to areas 
characterized by low densities of persistent scatterers, 
of either spatially-extended or point-like nature. Exam-
ples of processing results are presented. 

1. INTRODUCTION 
Differential Interferometric SAR (DInSAR) techniques 
were able to give successful results on landslide sites 
close to urban areas [1] or located on rocky alpine gla-
ciers [2]. However, other case studies reported in the 
recent literature [3], [4], [5], [6] indicate that several 
factors limit the practical applicability of the standard 
DInSAR technique to landslide monitoring. Coherence 
loss and atmospheric effects represent the most serious 
drawbacks.  

Multi-temporal DInSAR provides a partial solution to 
the effects of atmospheric artefacts and coherence 
losses. In the past few years, several differential proc-
essing methodologies have been introduced and ex-
perimented on multi-temporal interferometric data with 
the aim of detecting long-term deformation. In particu-
lar, two main strategies can be distinguished:   

 the Persistent Scatterers Interferometry (PSI) ap-
proach [7], which studies the phase information over 
single isolated objects characterised by a high tempo-
ral phase stability; this approach is usually imple-
mented by computing differential interferograms of 
all the acquisitions w.r.t. to the same reference mas-
ter image, then performing advanced phase analyses 
on the pixels exhibiting stable SAR response 
throughout the stack;  

 other methods that exploit differential interferograms 
obtained from pairs of images with the best values of 
spatial baseline (e.g. below a certain threshold) and 

then infer, through different procedures (LMS, 
SVD),  the connected time series of phase values due 
to deformation [8], [9], [10]. 

The complicated aspect in both the above-mentioned 
approaches is the need of joint non-linear estimation of 
stochastic fields due to atmospheric signal, deforma-
tion, and errors in the reference DEM. Usually, the at-
mospheric phase screen delay signal is assumed to be 
totally uncorrelated in time but correlated in the space 
domain, with a spatial frequency spectrum which fol-
lows a power law [11]. Displacement fields, on the 
other hand, are expected to have certain correlation 
properties both in time and space, which depend on the 
particular case and type of application (e.g. subsidence, 
landslides, etc.). A reliable discrimination of the two 
above-mentioned types of contribution requires careful 
considerations of both signals’ characteristics, such as 
typical spatial-temporal scales, etc.  

Other considerations concern the pre-processing requi-
rements, which are in some cases more stringent for the 
PSI approach than in the second class of algorithms. 
Moreover, the latter usually produce displacement 
maps at lower spatial resolution, and seem to be more 
susceptible to artefacts in presence of non-connected 
interferometric phase subsets [12].  

The SPINUA (Stable Point INterferometry over Un-
urbanised Areas) processing chain, which has been de-
veloped by the remote sensing group of Dipartimento 
Interateneo di Fisica – Politecnico di Bari and is being 
maintained and constantly upgraded jointly by the Di-
partimento Interateneo di Fisica and the ISSIA-CNR of 
Bari in the framework of ASI, ESA end European pro-
jects, follows mainly the PSI strategy.  

2. PROCESSING OUTLINE 
The general PSI technique has been successfully ap-
plied to many test sites affected by terrain displace-
ments such as subsidence, tectonic movements, and 
building collapse; all these case studies were conducted 
on sites mainly in or close to urban areas [13]. On such 
environmental conditions, in fact, persistent scatterer 
(PS) point density is usually high (of the order of 100 
PS/km2), and very reliable results can be achieved 
(about 2-3 mm/year as displacement sensitivity). The 
situation changes in the case of un-urbanised areas. 
Problems in these cases can be classified in two types: 



first, the objective scarcity of PS objects on the terrain; 
second, the difficulty of detection of existing PS on 
such sites. 

The first problem is not specific only to landslides, but 
to all applications of the technique on areas character-
ized by low antropization. Although, for processes oc-
curring at regional scale, the possibility of processing 
larger scenes may ease the problem, for the specific 
landslide case the typically small areas affected by the 
phenomenon, together with the fact that local varia-
tions in the atmospheric phase screen (APS) can be 
strong in high-topography regions, is a serious limit.  

A possible way to deal with this first problem can be to 
enlarge the class of objects which can be detected and 
monitored through the technique. In this direction can 
be seen the recent efforts to expand the applicability of 
the method to multi-frequency and/or multi-angle ac-
quisitions, and to integrate ascending and descending 
passes [14]. Also, investigations on the real nature of 
PS objects are of great relevance [15]. Another impor-
tant possibility is that offered by techniques such as 
SAR polarimetry, to better characterize the scattering 
behaviour of point-like objects [16].  

Although no definitive solution is still available, the 
above-mentioned problem can be at least mitigated by 
using ad hoc, optimized algorithms for e.g. interpola-
tion and co-registration, aimed at minimizing both the 
influence of the background noise and the processing 
errors in the PS preliminary identification. For in-
stance, an assessment has been carried out to choose 
the best oversampling factor and the best interpolation 
kernel given the number of available SAR acquisitions 
in the dataset and the a priori expected maximum phase 
noise power [17]. This approach is integrated into the 
SPINUA processing framework. Moreover, the critical 
processing step of co-registration for each image pair 
made of the single “master” and one of the several 
“slaves” can be split into several partial steps which 
exploit acquisitions separated by small temporal and 
geometric baselines. Each partial step is affected by a 
lower contribution of decorrelation noise with respect 
to the “single master” case. This approach has been 
theoretically cast in a minimum spanning tree frame-
work, and it has been shown that several solutions can 
be adopted for the combination of SAR images into 
InSAR pairs, depending on the definition of a “dis-
tance” measure as a function of the expected co-
registration quality [18]. Such stepwise approach al-
lows to increase the number of detected Persistent 
Scatterer Candidates  (PSCs) of up to 10% on landslide 
test datasets [19]. 

To deal with the second problem, more advanced proc-
essing has to be applied. Although the most recent re-
ports on applications of the original PS technique adopt 
non-linear models for APS and also for displacement 

contributions, the exact extent to which such methods 
can be applied is not completely clear. For example, 
the usually adopted model for the APS structure func-
tion is, as mentioned, a power law, with the exponent 
numerical value related to the typical spatial scale of 
atmospheric inhomogeneities. This model, originated 
by studies on atmospheric water vapor spatial statistics 
[20], was demonstrated by Hanssen on ERS SAR inter-
ferograms acquired over the Netherlands [21], and is 
used as a priori information in current PSI processing 
to infer the spatial autocorrelation properties of the 
APS, and thus separate the latter from the other contri-
butions in the PS phase history. However, it is ques-
tionable that such model of the APS spatial structure 
can be assumed also on sites with strong topography. 
In such cases, indeed, the topographic contribution to 
the atmospheric spatial profile could be more important 
than the spatial inhomogeneities due to water vapor 
stochastic fluctuations. This is also supported by ob-
servations of variogram trends of APS components es-
timated on some test sites [22]. In these cases, estima-
tion procedures based on the autocorrelation character-
istics of APS data often fail, since the APS exhibits the 
same spatial structure as topography. 

Another limit to the processing comes just from the de-
graded performances of APS, DEM error and velocity 
estimation in conditions of low density of PS bench-
marks, even for the case of linear behaviour for all con-
tributions. In fact, estimation procedures tend to get 
drowned in “statistical noise” when low redundancy is 
present in the data. Also, they are strongly influenced 
by phase aliasing phenomena, causing ambiguities. 

Countermeasures for this latter type of problem 
adopted in the SPINUA approach include e.g. ad hoc 
sparse grid phase unwrapping algorithms [24], [25], 
which take into account the scaling properties of the 
atmospheric signal in order to drive the unwrapping 
procedure.  

3. ALGORITHM PROCESSING STEPS  
Fig. 1 shows in a schematic form the processing flow 
of the SPINUA technique. The system accepts in input 
single-look complex (SLC) SAR images in CEOS for-
mat, and a DEM of the area in UTM coordinates. The 
output products are shown in the yellow box. The in-
termediate products, consisting of the co-registered 
amplitude image stack and the differential interfero-
gram stack, are also shown for completeness. In the 
following sections, each module is briefly described. 

3.1 Input Data 
The input SAR data are CEOS-formatted, standard 
SLC products. ENVISAT data must be all acquired 
with the same sensor configuration. In order to obtain 
final consistent information from both ERS and ENVI-
SAT data, the latter must be acquired in Image Mode, 
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Fig. 1. Flow chart of the SPINUA processing methodology. 
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ed in [18]. This approach can ease the sub-

sequent co-registration procedure and enable a 
more accurate amplitude equalization operation 
(described in the following), thus increasing the 
number of detected PS; in particular, use of the 
stepwise approach often allows inclusion in the 
processing chain of acquisitions which would be 
excluded from the standard “single master” ap-
proach, due to the low coherence caused by their 
very large temporal and/or spatial baselines [19].  

3.4 Co-registration 
Once the structure of the InSAR pairs tree is defined, 
the images are co-registered by computing cross-
correlations between a high number of image patches. 
Patch coordinates and dimensions can be generated by 
default as a regular pattern or specified by the user. 
Fractional shifts are computed for each patch. A preli-
minary coarse co-registration step is followed by a 
finer, sub-pixel co-registration procedure. 

3.5 Resampling 
Based on the results of the preceding step, a polyno-
mial warp function is applied to each of the SAR im-
ages. Resampling is done onto the chosen master im-
age, either directly, or through the stepwise approach 
described in sect. 3.3. User-defined oversampling fac-
tors can be adopted, and a specifically-designed inter-



polator kernel function is applied [17]. 

3.6 Amplitude equalization 
To ensure homogeneous weighting of all the acquisi-
tions in the subsequent steps, image amplitudes need to 
be equalized at least in a relative way. For this, a par-
ticular procedure is adopted which exploits targets with 
high amplitude inverse coefficient of variation (ICV), 
defined as the ratio of the SAR amplitude and its stan-
dard deviation, computed on each pixel along the tem-
poral axis: the full absolute calibration procedure is ap-
plied only to the master image, and then all other im-
ages in the stack are relatively corrected for both sys-
tem- and geometry-related calibration factors [23]. The 
calibrated amplitude image stack is a side-product, 
which can be useful for other applications. 

3.7 Differential interferogram generation 
Standard DInSAR processing is performed on the co-
registered image pairs, including interferometric phase 
computation, topographic phase simulation and sub-
traction. At the end of this step, the data stack consist-
ing of interferometric differential phase fields is also 
available as a second intermediate product. 

3.8 Amplitude stability map evaluation 
PSCs are detected by thresholding their ICV value. 
Threshold values are assigned through considerations 
about the assumed system noise, which in turn is a 
function of the number of available images, the sensor 
noise floor, etc. 

3.9 Phase Unwrapping  
Phase unwrapping is required in order to infer absolute 
values of the differential phase evaluated on the PSC 
locations. Two procedures are available: a sparse-grid 
Minimum Cost Flow and a more ad hoc procedure, de-
scribed in detail in [24] and [25]. 

3.10  Atmospheric phase filtering 
Low-order polynomial fit and de-trending operations 
are performed on the phases of the detected PSCs, in 
order to obtain a first estimate of the APS component. 
Further refinements in the APS estimation are per-
formed later in the iterative process. 

3.11 DEM error & movement estimation 
DEM error phase components are directly proportional 
to the perpendicular baseline. Terrain motion can often 
be assumed to be a continuous function of time, and so 
gives rise to a phase contribution which is “smooth” as 
a function of the temporal baseline. Exceptions to the 
latter rule must of course be taken into account occa-
sionally, when analyzing particular measurement 

points. A fit and de-trending procedure analogous to 
that necessary for the APS estimation is performed in 
the temporal and spatial baseline domain. As a result, 
the DEM error and movement of each PS pixel is esti-
mated and removed. The two preceding steps are per-
formed first on a limited number of low-baseline im-
ages, then are iterated several times, each time includ-
ing more images and more pixels within each image. In 
this way, improvements in the estimation and subtrac-
tion of the APS and the other components propagate to 
the whole image stack, allowing the detection of more 
PS pixels, until convergence is reached. 

A measure of reliability of each PS point is the inter-
image coherence, defined as 1

modelexp ( )kN k
jγ φ= −∑ φ , 

i.e. the sum over the N images of the residual between 
actual and modelled phase trends. The model phase is 
the sum of all the contributions due to APS, DEM er-
ror, and displacement. 

The same task can be attempted in the framework of  
the general technique of Blind Source Separation, 
through application of the algorithm of Independent 
Component Analysis [26]. The main advantage of this 
approach is that no a priori hypotheses are required 
concerning the deformation model. However, the re-
sults can be strongly affected by unwrapping errors 
along the temporal/spatial baselines.   

3.12 Geocoding 
By using the DEM error estimated in the preceding 
step, precise height information about each PS can be 
retrieved. This can be used again iteratively to improve 
the horizontal positioning. High accuracies can be 
reached both in Lat/Long position and in height. 

3.13 Output 
The SPINUA output products are described in the fol-
lowing. 

Multi-Image SAR reflectivity map: this is the full-
resolution SAR amplitude map obtained by the inco-
herent averaging of all the input SAR acquisitions. 
Its high resolution and low levels of speckle noise, 
coupled to the high sensitivity of SAR data to surface 
texture, make it a useful investigation tool for subtle 
morphological features of the study area. 

APS maps: the independent APS contributions – one 
for each processed SAR acquisition – can be studied 
for atmospheric applications. 

PS Maps in both SAR and WGS84 coordinates: 
the detected PS coordinates are provided in tabular 
form both in the original master SAR reference, and 
in the DEM geographic coordinate system (WGS84). 
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Fig. 3. Caramanico Test Site: sample results of an inte-
ractive stable persistent point analysis. 
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ig. 2. PS velocity map over the city of Sulmona (Cen-
ral Italy): the dominant green color indicates stability
f the area. The red circle highlights an isolated subsi-
ence area, with displacement rate of about 3 cm in 5
ears. The backdrop is the multi-image amplitude SAR
eflectivity map. 
PS LOS height time series: the temporal series of 
height variations for each of the final PS (one meas-
urement for each processed SAR acquisition) are 
provided. A time series represents the component of 
displacement parallel to the line of sight (LOS). 

DEM corrected at PS locations: the height of the 
input DEM is corrected for the errors computed at 
the PS locations, through the SPINUA technique. A 
new DEM can thus be generated, with spot heights at 
PS having improved precision. 

ll these algorithms are designed in a fully parametri-
al way, and are thus easily adaptable to ingest data 
rom different sensors. The steps up to the standard 
InSAR processing are performed with a slightly mo-
ified version of the DORIS free DInSAR software 
ackage [27]. The subsequent operations are performed 
y specifically developed software. An interactive 
odule is available to select a point on the raster multi-

mage reflectivity map, perform the APS, DEM error 
nd deformation phase contributions estimation and 
ubtraction, and display the results. The pixel inter-
mage coherence value is also provided after evaluation 
nd subtraction of each signal component. This helps in 
nderstanding the reliability of the detected phase 
rends. It is particularly useful in the case of low den-
ity of PS, where assessment and validation of process-
ng results can be critical. 

. RESULTS AND CONCLUSIONS 
igs. 2, 3, and 4 show some results of application of 

he SPINUA technique to a landslide dataset on Central 
taly. Fig. 2 shows a PS map over the city of Sulmona, 
sed as a validation test site for the SPINUA approach. 

PS pixels are represented by colored points superposed 
to the multi-temporal SAR reflectivity map. The PS 
color scale is proportional to the average movement 
detected on each point. A small area exhibiting a 
downward total displacement of 28.7 mm over 5 years 
is highlighted by a red circle. In situ investigations are 
in due course to verify the nature of this displacement. 

Fig. 4. Caramanico Test Site: movement analysis on a
persistent point. 

Figs. 3 and 4 show two examples of the interactive 
processing results over the landslide site of Caramanico 
Terme (Italian Central Apennines). The first one refers 
to a stable point, the second one exhibits an average 
downward linear displacement of about 4 mm/year. 
Displacement rates detected on the Caramanico area 
agree qualitatively with in situ measurements and mod-
els of the landsliding processes, carried out by geolo-
gists and other collaborators in the framework of sev-
eral projects related to the test site. 

Results are also being validated on other landslide test 
sites, in the framework of different projects. As men-



tioned, the SPINUA processing chain is being main-
tained and constantly developed and upgraded in order 
to improve its performances and to widen its fields of 
application, for what concerns both the test site charac-
teristics, and the SAR data. 
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