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ABSTRACT 

This paper shows the results obtained with a Persistent 

Scatterers analysis over an X-band satellite 

interferometric dataset, acquired by three sensors of the 

COSMO SKYMED constellation over Milan, Italy. The 

accurate Persistent Scatterers analysis technique that 

leads to the estimation of the PS velocity, phase and 

displacement is briefly introduced. The PS analysis 

method performs the estimation by exploiting the 

differential atmospheric correction of the phases and 

then estimating the velocity through DFT.  

  

1. INTRODUCTION 

The Persistent Scatterers SAR Interferometry 

(PSInSAR) is a well-known technique, developed to 

investigate surface deformations and minimize possible 

errors (from uncertainties and inaccuracies of the 

Digital Elevation Model and the atmospheric 

conditions).  The idea of using only the natural stable 

targets has been largely investigated and refined 

according to different approaches proposed in literature 

(the first time in [4]).  

The main goal of this paper consists in the evaluation of 

the results on a dataset of COSMO SKYMED high 

resolution Stripmap acquisitions over the city of Milan, 

Italy.  Such processing aims to evaluate the PS densities 

and life time in both urban and rural areas, as well as the 

exploitation of PS phases for calibration. 

The paper is organized as follows. Section II introduces 

the algorithm. Details on the analysed data set are 

provided in Section III.  In Section IV are described the 

preliminary operations necessary for the creation of the 

SAR Interferometric stack. This section also describes 

the criteria for selecting or discarding specific 

acquisitions from the dataset. In Section V are 

summarized the obtained results on the selected site.  

 

2. SYSTEM OVERVIEW 

In this section a fast and accurate algorithm for the PS 

analysis is described.   
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Figure 1. Overall algorithm for the PS analysis. 

 

 

The approach consists of six steps performed on the 

provided set of input: 

  / : Mu-Sigma Map calculated on the used 

co-registered stack; 

 ROI: coordinates relatives to the region of 

interest analyzed during processing; 

  / -THR: Mu-Sigma threshold directly used 

for a preliminary selection of the set of 

Persistent Scatterers; 

 Interferometric Stack: differential 

interferograms set between all SAR images and 

the chosen master. 

 

The  main algorithm steps are summarized below. 

 

2.1. Selection of PSC 

The first step of the proposed algorithm permits to 

select the PS by exploiting the Mu/Sigma map. Given a 

Region of Interest (ROI) on the analysed dataset  a first 

set of pixels is identified according to a user-defined 

threshold (  / -THR). The selected PS, called 

candidates (PSC),  are then pruned in order to obtain a 
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well spatially distributed set of PSC on the area under 

analysis. In this way the isolated Persistent Scatterers, 

which could introduce a bias in the estimates, are 

removed.  

 

2.2. Estimation of dQ and dV 

Once obtained the coordinates of the selected PSCs, the 

differential phases are considered. Moreover the 

following geometrical parameters, for each PSC in each 

given acquisition, are calculated: 

1. Normal baseline; 

2. Temporal baseline with respect to the master 

image; 

3. Incidence angle of each selected PS; 

 

A “PSC net” is built up by computing the phase 

gradients between neighbor PSCs. 

The algorithm then computes: 

1. Differential Velocity (dV); 

2. Differential DEM errors (dQ). 

 

2.3. Computing Atmosphere 

Starting from the calculated Differential Velocity (dV) 

and Differential DEM errors, the Velocity (V) and the 

DEM errors (Q) are estimated for each selected PSC. 

Details of the methods used are explained in [2] and [3]. 

The sparse intermediate results stored in V and Q 

matrices are then exploited for removing the relative 

phase contributions, obtaining a residual sparse phase, 

that is an atmospheric disturbance measurement. 

 

2.4. Compensate Interferometry 

Once obtained the Sparse Atmosphere of each image in 

the stack, an interpolation on the region of interest 

(ROI) of the master image is performed. At this point, 

the information about the phase disturbance on each 

interferogram is available and can be removed from the 

input interferograms, obtaining a new set of “clean 

interferograms”, containing the information about 

velocity and DEM errors for each pixel, with a reduced 

phase noise. 

 

The last two steps of the proposed algorithm operate 

point-wise and perform the estimation of the velocity 

(V) and of the DEM errors (Q), exploiting the stack of 

clean interferograms. Moreover to each estimate is 

associated a quality index (Coherence) calculated in the 

last step. 

 

2.5. Q and V estimation 

The following operations are performed for each point 

of the whole analysed stack: 

- Reading Phase along time dimension; 

- Calculating all geometrical parameters  already 

listed in section; 

- Compensating Phase using Estimated Regular 

Atmosphere; 

- Estimating DEM errors (Q); 

- Estimating Velocity (V); 

 

Once the Estimated Regular Atmosphere has been used 

to compensate unwelcome phase contributions on each 

Point’s Phase of the stack, the Velocity and DEM errors 

can be computed. Basically, the unknown Velocity and 

DEM errors are estimated maximizing the phase 

coherence of each Point [4]. 

  

2.6. Coherence estimation 

The final step consists in estimating the Coherence of 

each selected Point known the Velocity (V) and DEM 

errors (Q) [4]. 

 

3. DATASET DETAILS 

The results presented in this paper have been obtained 

from a X-band satellite interferometric dataset and in 

particular on data acquired by the COSMO SkyMed 

sensors. As well known, COSMO SkyMed is a 

constellation of four sensors that acquires high 

resolution (about 3 x 3 meters) Stripmap data  in X-

Band. The gathered results were carried out from the 

analysis of long strips acquired by three sensors of the 

constellation over northern Italy, from southern Milan’s 

outskirt to north of Como.  

The analyzed site has been chosen in order to verify the 

algorithm capability to obtain results concurrently both 

in highly urbanized area, characterized by a huge 

amount of Persistent Scatterers, and rural area, where 

densities of PS is greatly reduced. (The PS velocity map 

is expected to be flat in the Milan central area since 

Milan area is stable). 

In the following table the most important characteristics 

of the analyzed data are summarized. 

 

Table 1. Dataset characteristics 

   

4. STACK CREATION 

This section summarizes all the preliminary operations 

performed on the provided dataset in order to obtain the 

set of SAR interferograms necessary for the PS analysis. 

Sensor Name COSMO SkyMed constellation 
Images Number 29 

Analyzed Site Milano 
Acquisition Period 2008-2011 
Analyzed Surface 160Km * 40Km 



 

 
Figure 2. Analyzed Site from south of Milan to north of 

Como. [Azimuth 160Km x Range 40 Km ] 

 

In order to choose the reference image useful for the co-

registration step it has been evaluated both the oldest 

image in the provided stack and the baricentrical image 

with respect to the Normal Baseline. 
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Figure 3. Doppler Centroid with respect to Normal 

Baseline.  

 

The above figure shows both the baricentrical image, 

(green dotted) chosen as reference image (Master), and 

the rejected images highlighted in the red square. 

The two images have been removed from the analyzed 

set because the SAR interferometric coherence 

decreases when the differential Doppler Centroid, 

between Master and Slave, increases. This could cause 

lower quality results. The removed images resulted to 

have been acquired by COSMO_3 sensor which shows 

a slightly different Doppler Centroid value from the 

other sensors. Once the master image has been defined 

and the co-registration on the whole selected 

acquisitions in the stack has been performed, the SAR 

interferometric dataset is calculated.  
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Figure 4. Co-registration flowchart. 

 

The co-registration algorithm, in Figure 4,  is composed 

by the followings step: 

1. Estimating shifts from both Digital Elevation 

Model and orbit information; 

2. Estimating shifts exploiting cross-correlation 

on data; 

3. Merging shifts information in order to obtain 

an accurate shift matrix; 

4. Re-align slave data on the master reference 

grid. 

   

After the removal of the Earth phase contribution, an 

accurate analysis on the interferometric dataset shows 

the presence of residual fringes (see Figure 5). 

The residual error affecting the SAR interferometric 

images can be related to the reduced wavelength (X-

Band), which increases the phase sensitivity to errors in 

the knowledge of the orbits or in the considered DEM. 
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Figure 5. SAR interferogram of an area centered on 

Milan urban site after the first removal of topographic 

fringes. 

 

 

A simple frequency identification of residual fringes has 

been performed on the complete Interferometric stack in 

order to clean up the intermediate result from residual 

errors; the following figure shows the outcomes of the 

applied method. 
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Figure 6. SAR interferogram of an area centered on 

Milano urban site after residual fringes removal. 

 

After these operations performed on the Stack, a low 

quality interferometric image has been identified and 

removed from the PS analysis.  

Finally the Mu/Sigma Map for the PS analysis has been 

calculated on the selected co-registered images.  

In the Table 2 are listed all the images in the original 

stack, in particular, green marker is referred to used 

images while red marker identifies rejected data.  

     
 

 

 

 

 

 

Table 2. List of used image in PS analysis 
#Image Date #Image Date

1 06/11/2008 15 09/09/2010

2 21/10/2008 16 23/07/2010

3 19/09/2008 17 05/06/2010

4 18/08/2008 18 27/12/2009

5 21/04/2011 19 19/12/2009

6 07/01/2011 20 03/12/2009

7 14/12/2010 21 25/11/2009

8 07/12/2010 22 09/11/2009

9 20/11/2010 23 09/10/2009

10 20/10/2010 24 30/09/2009

11 19/10/2010 25 06/09/2009

12 11/10/2010 26 28/07/2009

13 25/09/2010 27 15/04/2009

14 30/11/2008 28 25/01/2009  
   

5. EXPERIMENTAL  RESULTS 

In this section are shown the results obtained processing 

the COSMO SkyMed Milan site. The PS analysis has 

been performed on a central portion of 40Km X 30Km 

that includes a portion of both urban (Milan) and rural 

areas. The SAR Interferometric dataset  obtained 

according to the operations described in the previous 

sections was processed setting  / -THR equal to 3.2. 

Here below a first intermediate result ( Figure 7) shows 

a portion of Atmospheric phase contribution estimated 

during the Computing Atmosphere step. 

In Figure 8 is shown the histogram of the coherence 

map achieved on the chosen dataset. As it can be seen 

from the displayed figure, the coherence map histogram 

shows only values between 0.5 and 1. In the algorithm 

flowchart small value of coherence are replaced with 

null values. Moreover, in Figure 12 is depicted the PS 

velocity map, with Coherence greater than 0.75, 

superimposed to the incoherent mean evaluated on the 

analyzed stack. 

 

 
Figure 7. Atmospheric phase contribution superimposed 

on SAR image 

 

As expected the PS velocity shows a huge amount of 

Persistent Scatterers in highly urbanized area while in 

rural area the number of PS is much smaller. Also PS 

analysis confirms that Velocity measures on Milan site 

are stable between 5mm and -5mm.   
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Figure 8. Coherence Histogram  

 

In addition, a comparative analysis on the same area has 

been carried out exploiting the results achieved with 

ENVISAT datasets (ASAR sensor).  

Figure 9 shows a comparison between the PS densities 

in the two datasets. The image on the left is the 

ENVISAT dataset and shows a reduced PS density, 

while the image on the right shows much more details, 

e.g. the castle walls, the streets and the blocks of 

building. This is mainly due to the high spatial 

resolution of the image that results in higher precision 

interferometry.  

 
Figure 9. Comparison between PS Velocity Map 

achieved performing the analysis using  ENVISAT 

dataset (9a) (left image) or  using COSMO dataset (9b) 

(right image), detail of “Castello Sforzesco”   

 

Finally examples of a time series relative to Persistent 

Scatterers identified in the inflating area is depicted in 

Figure 10.  
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Figure 10. Time series example on the inflating area 

near “Milano Centrale Railway station”  

 

 

0 0.5 1 1.5 2

x 10
4

0

1000

2000

3000

4000

5000

6000

Slant Range Direction [samples]

A
z
im

u
th

 D
ir
e

c
tio

n
 [
s
a

m
p

le
s
]

Velocity Map [m/year]

 

 

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

 
Figure 11. PS Velocity map on “Milano Centrale 

Railway Station”   

 

As it can be noticeable in the following Figure black 

line (point P1 in Figure 11)  presents a linear 

approximation of its velocity field while blue line (point 

P2 in Figure 11)  is referred to a stationary Persistent 

Scatterer.     
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7. SUMMARY 

In this paper a novel fast and simple PS analysis 

approach has been presented. The algorithm has been 

focused on processing of X-Band long strips acquired 

by three sensors of the COSMO SkyMed constellation. 

The used technique has proved the ability to analyze a 

COSMO SkyMed X-Band data set and to estimate PS 

velocity concurrently in urban and rural area. 
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Figure 12. PS Velocity map obtained on Milan Site acquired by COSMO SkyMed constellation   


