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IREA-CNR	(Napoli)	Three-Year	Activities	

v  Generation of InSAR products from historical (ERS-ENVISAT) SAR data  

v  InSAR data and metadata 

 
v  Generation of InSAR products with new Sentinel-1 SAR data. SBAS analyses require large  
sets of data. Sentinel-1 archives are being populated. 
 

v  Development of new methods for the calibration of SAR images (research activity) 

v  Evaluation of SAR backscattering changes in urban areas with Sentinel-1 data (research activity) 
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Differential SAR Interferometry (DInSAR): rationale 
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Differential interferometric phase 

For each interferogram, the phase relevant to a generic point with coordinates x and r , azimuth and 

range rispectively, can be written as following: 

Phase component relevant to 
the residual topography (DEM 
errors and position of the 
phase center respect to the 
ground). 

Noise Differential interferometric phase. 

Phase component relevant to the deformation occurred in the time 
period between the two acquisitions.  

Atmospheric 
artifacts.. 
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-  Parallel Steps 
-  Sequential Steps 

SBAS	worflow	
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     ERS 
     ENV 

ERS-ENVISAT SAR Data Distribution: 
the Napoli case study  

 



PRIN PROJECT: URBAN GEOmatics for Bulk Information Generation, Data Assessment and Technology Awareness PRIN PROJECT: URBAN GEOmatics for Bulk Information Generation, Data Assessment and Technology Awareness 

To produce time-series deformation from a SAR data sequence by: 

Ø  using DInSAR interferograms characterized by a “small baseline” (smaller than the critical 
one) in order to mitigate noise (decorrelation) phenomena; 

Subset 2 

Subset 1 

Ø  properly “linking” interferometric SAR data subset separated by large baselines. This is 
done by searching for an LS solution with a velocity minimum norm constraint, easily 
achieved by applying the SVD method. 

Time 

Pe
rp

en
di

cu
la

r 
Ba

se
li

ne
 

        Key ideas of the SBAS algorithm 
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Interferogram 1 

… 

interferograms unknowns 

        Key ideas of the SBAS algorithm: mathematical framework 

Interferogram 2 

Interferogram j 
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by solving the linear system 

To solve the linear system, the SVD method is applied.1  

Following the unwrapping operation we evaluate (for each pixel) the displacement velocity 
vector v 

Mathematical framework of the SBAS algorithm 

1 Berardino P. et alii: “A new Algorithm for Surface Deformation Monitoring based on Small 
Baseline Differential SAR Interferograms”, IEEE Trans. Geosci. Remote Sensing, Vol. 40, No. 11, 
pp. 2375-2383, November 2002. 
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SBAS: a two scale approach  

Single-look 
Interferogram 

Multi-look 
Interferogram 

Atmospheric artifacts 

DEM errors 

Ground Deformation 

SBAS 
80x80m Pixel Spacing 
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Co-registered SAR images 

SAR images pairs 
selection 

& 
Interferograms 

generation 

Interferogram 
phase unwrapping 

 

SVD based inversion 
& 

Topography artifacts 
estimation and 

removal 

Deformation time-series 
+ 

Atmospheric artifacts and 
orbital ramps 

Space-time filtering 

Deformation 
time-series 

Atmospheric 
artifacts and 
orbital ramps 

Residual 
Topography 

Low resolution SBAS Approach 
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SBAS: a two scale approach  

Single-look 
Interferogram 

Multi-look 
Interferogram 

Atmospheric artifacts 

DEM errors 

Ground Deformation 

SBAS 
 80x80m Spacing 

10x10m Spacing 

Single structure deformation 

Topography with respect to  

used DEM 

SBAS 
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Extended SBAS approach: from low to full resolution analysis 

+ 

- 

Low resolution pixel 

Full resolution pixel 

Multi-look 

(low resolution) 

Interferogram 

Single-look 

(full resolution) 

Interferogram 

Residual phase 
Interferogram 
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     ERS 
     ENV 

ERS-ENVISAT SAR Data Distribution: 
the Napoli case study  
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ERS-ENVISAT SAR Data Distribution: 
the Napoli case study  

 

     ERS 
     ENV 
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Mean	deformation	velocity	[cm/yr]	

	 >	0.75	<-	0.75	

Mt. Vesuvio 
Campi Flegrei 

Ischia 

Advanced	DInSAR	technique:	the	Small	BAseline	Subset	(SBAS)	

 ENVISAT 

  ERS  

ERS/ENVISAT	images	(1992	–	2010)	
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The Napoli Bay area 

Campi Flegrei 
Vomero Vesuvio 

71 ERS-1/2 and 39 ENVISAT images acquired on ascending orbits (1993-2007) 

197 ERS and 115 ENVISAT interferograms 
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Deformation measurements: the Campi Flegrei Caldera 

cm 
cm 
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cm 

Deformation measurements: the Vomero quarter 
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Deformation Time Series Data Format 
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Deformation Time Series Data Format 
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Deformation Time Series Data Format 
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250 km 

Sentinel-1	wide	Coverage:	the	Napoli	Bay	area	

Stable InSAR analyses require at least two-three years of data, especially for the removal of 
Atmospheric artefacts that are quite severe for Sentinel IW Interferograms 
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6 days Time	

12 days 

Sentinel-1A Sentinel-1B 

• 	Sensor	spatial	resolution:	15	x	4	m	
• 	Spatial	coverage:		250	x	250	km	
• 	C-band	
• 	Global	coverage	
• 	Free	and	open	data	access	

Sentinel-1A 

Sentinel-1	constellation	
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ERS	and	ENVISAT	 Sentinel-1	

Sentinel-1:	a	Small	Baseline	constellation	
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Sentinel-1	SBAS	results	on	the	Napoli	Bay	area:	Preliminary	Results	
descending	orbits	

07	October	2014	–	06	April	2017	
81	SLC	

LOS	
	

cm/year	
>6	<-6	

NEW DATA ARE NEEDED FOR ASSESSING THE QUALITY OF ACHIEVED RESULTS AND MAKE THEM MORE STABLE !!!! 

Atmospheric artefacts are difficult 
to be removed (very large swath, 
wider beams, etc …) 
 
Accurate estimates require a 
(stable) population of more  
than three years, thus facilitating 
the removal of all the   
disturbances affecting Sentinel-1 
Deformation Time-Series 
 



Radiometric Calibration of di SAR Images 

Algorithm development 
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  P ' = Pr + Pn = Kσ0 + Pn

Radiometric Calibration of the SAR Images: A New Formulation 

Intensity of the backscattered signal at a given pixel 

  

K = PG2λ2ΔxΔr

4π( )3
r 4

Normalized RADAR Cross Section  

 z
We are facing the problem to correct the radiometric 
distortions related to the height profile of the scene   

azimuth 

 Δx
 
Δrground

 Δr

 r
 r

  P '

*A paper has been submitted for publication to Transactions on Geoscience and Remote Sensing (TGRS) 

RADAR Equation 
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SAR	image	analysis	

Investigate	 the	 soil	 consumption	effects	 through	 the	analysis	of	 the	detected	 reflectivity	
changes	and	of	the	retrieved	surface	displacements	

§  sigma	naught	(σ0)	maps:	SAR	images	have	to	be	properly	radiometrically	calibrated	(including	the	effect	
of	topography)	and		geocoded.	

§  Multitemporal	analysis	of	the	σ0	variation	
§  Vegetation	consumption,	vegetation	mortality,	soil	alteration	

ASAR/ENVISAT	data	
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An Example: VH Sigma Naugth Difference Maps 

                    Darker areas correspond to an area affected by fires in Sardinia. 
Similar analyses will be provided for the monitoring of the backscattered signal variations in urban scenarios  


