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About Synthetic Aperture Radar

SARsystemsmainlyacquiredata in different ways,suchasi) singleor dualchannelmode(for instance

HH or HH/HV or VV/VH), ii) interferometric (single- or repeat-pass)mode, iii) polarimetric mode

(HH,HV,VH,VV),and finally, iv) by combining interferometric and polarimetric acquisition modes.

Obviously,different acquisitionmodesaresubjectto different processingtechniques. Theyare:

ωProcessingof SARIntensity

Theproductgenerationis limited to the intensity processing.

ωInterferometric SAR(InSAR/DInSAR)Processing

Theproductgenerationincludesintensity, and interferometric phaseprocessing.

ωPolarimetricSAR(PolSAR)Processing

Theproductgenerationincludesintensity, andpolarimetricphaseprocessing.

ωPolarimetric-Interferometric SAR(PolInSAR)Processing

Theproductgenerationincludesintensity, polarimetric, and interferometric phaseprocessing.
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Supported spaceborne SAR systems

ERS-1/2 ESA C-band

JERS-1 SAR JAXA L-band

RADARSAT-1/2 CSA & MDA C-band

ENVISAT ASAR ESA C-band

ALOS PALSAR-1 JAXA L-band

TerraSAR-X Germany X-band

SAR Lupe Germany X-band

COSMO-SkyMed ASI X-band

RISAT-1 ISA C-band

Sentinel-1 ESA C-band

ALOS-2 JAXA L-band
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Supported airborne SAR systems

OrbiSAR-1 up to 0.5 m X, P-band 1-4 pol

TELAER up to 0.5 m X-band 1 pol 

E-SAR up to 1 m P,L,C,X-band 1-4 pol

RAMSES up to 0.25 m P,L,S,C,X,Ku,Ka,W-band 1-4 pol

UAV SAR in Stanag format
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- Modules

ω Basic

It includesa set of processingstepsfor the generationof SARproductsbasedon intensity. This

moduleiscomplementedby a multi-purposetool andby:

ω Focusing

It supports the focusingof ERS-1/2 SAR,JERS-1 SAR,ENVISATASAR(includingWide Swath

developedby Aresys)andALOSPALSAR-1 data.

ω Gamma& GaussianFilter

It includesa whole family of SARspecific filters. They are particularly efficient to reduce

speckle, while preserving the radar reflectivity, the textural properties and the spatial

resolution, especially in strongly textured SARimages. Developed in collaboration with

Privateers.
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ω Interferometry

It supportsthe processingof Interferometric SAR(2-passinterferometry, InSAR)and Differential

Interferometric SAR(n-passinterfereometry,DInSAR)data for the generationof DigitalElevation

Model,Coherence,andLandDisplacement/Deformationmaps.

Thismoduleiscomplementedby:

ω ScanSARInterferometry

It offers the capabilitiesto processInSARand DInSARdata over largeareas(400 by 400 km).

Developedin collaborationwith Aresys.

ω Interferometric Stacking

Basedon SmallBaselineSubset(SBAS)andPersistentScatterers(PS)techniquesthis module

enablesto determinedisplacementsof individualfeatures.

ω SAR Polarimetry / Polarimetric Interferometry

It supports the processing of polarimetric and polarimetric interferometric SAR data.

- Modules
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- Modules

ω QualityAssessmentTool

In order to quantitatively assessthe geometric, radiometric, and polarimetric quality of SAR

products,a QualityAssessmentTool(QAT)basedon a solidmethodologyis proposed. Theoverall

architectureof the QATsystemsupportsthe quality assessmentfor ENVISATASAR(IM,AP,WS)and

RADARSAT-1 and-2 (FB,SB,WB,EB,ScanSAR)data.
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- Modules

* Focusing requires Basic or, alternatively, the Interferometry module

Basic,Interferometry, Interferometric Stacking,and Quality AssessmentTool modulesare stand

alone. Theother modulesrequireeither Basicor Interferometryasshownbelow.

PolSAR/PolInSAR

ScanSAR Interferometry

Gamma & Gaussian Filtering 

Focusing *

Basic Interferometry
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Basic Module

Followingprocessingcapabilitiesaresupported:

ωMultilooking

Generationof multi-lookingimagefrom SingleLookComplexdata.

ωCo-registration

In caseswhere multiple imagedata sets cover the sameregion, it is necessarythat pixels in different

imagescorrespondso that pixel-by-pixel comparisonscan be carried out. Spatialregistration may be

necessary,andalsoresampling,in caseswherepixelsizesvary. Coregistrationiscarriedout automatically.

The Basicmodule includesa set of processingsteps for the generationof spaceborneand airborne SAR

productsbasedon intensityandcoherence. Thisis complementedby a multi-purposetool, whichincludesa

wide rangeof functions- from imagevisualisation,to DigitalElevationModel import and interpolation, to

cartographicandgeodetictransforms.
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ωFiltering

It supportsa number of conventionalsingle-imagefilters basedon the classicalminimum meansquare

error and on the anisotropicnon-linear diffusion theory. Theseset of filters is complementedby two

advancedmulti-temporalmulti-sensordespecklingfilters.

ωFeatureExtraction

Different featureparameters,whicharegenerallyusedasinputsfor classificationor quantitativeanalysis,

canbe extractedfrom intensityandcoherence. Thesearebasedon first orderandtime-seriesstatistics.

ωGeocoding,RadiometricCalibrationandNormalisation

Ellipsoidalor terrain geocoding,using nominal parameters or Ground Control Points, enables the

transformationfrom radarco-ordinates(either groundor slant range)into a givencartographicreference

systemusinga rigorousrange-Dopplerapproach. Theradiometriccalibration,which is performedduring

the geocoding, is based on the exploitation of the radar equation. In addition, the radiometric

normalisationenablesto empirically correct the effects of the incidenceangle on sigma nought by

applyinga modifiedcosinecorrection.

Basic Module
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ωMosaicing

It often occursthat the areaof interest is coveredby severalimages. In this caseSARimages(amplitude

and/or coherence)or products (classificationresults) can be combined in order to obtain an entire

coverageof the area. When mappinglarge areasusingSARdata, individual image frames have to be

seamlesslyjoined together to create a consistentmosaicacrossthe region. This method refines the

radiometricvariationsby comparingthe imagesto bemosaicedin the overlappingareas.

Basic Module
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ωTools

- Reading and automatic mosaicingof SRTM, RAMP, GTOPO30, ACE DEM data 

- Multi-source Digital Elevation Model combination

- Shape, image and DEM cartographic and geodetic transformation

- Slope image generation

- Point target analysis (SAR data)

- Image statistics calculation 

- Multi-image operations  

- Image resampling

- Images and DEMs interpolation

- Sample selection 

- Raster to shape data conversion

- Raster data slicing

- Complex interferogramto phase and module conversion and backward-transformation

- Cartographic to slant geometry conversion 

- File transformations

Basic Module
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Basic ςFully automated JERS-1 SAR Mosaic

© JERS-1 Data JAXA

Mosaic of 1250 JERS-1 SAR ellipsoidal

geocoded images .The mosaicing procedure

has been completely automatic .
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Basic ïMulti - temporal Mosaic, ENVISAT ASAR Data

This product includes around 180 

multi - temporal ENVISAT ASAR 

images (3 dates, acquired between 

May and August 2007) processed 

in a fully automated way.

© ASAR Data ESA Senegal
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Basic ςMulti -temporal Multi-sensor Mosaic, ASAR and PALSAR data 

This product includes around 160 

multi - temporal ENVISAT ASAR and 

ALOS PALSAR-1 images (15 meters) 

processed in a fully automated way .

© ASAR Data ESA; PALSAR-1 Data JAXA Malawi

ASAR

PALSAR-1

ASAR



SARscape®

www.sarmap.ch                                                                                                                February 2012

© COSMO-SkyMed-1 & -2 StripMap Data ASI

Basic ςPrecise Terrain Geocodingof COSMO-SkyMed-1/2 Products 

Coherence

Mean Intensity

Intensity Difference

Time interval 8 days Intensity date 1

Intensity date 2

Intensity Difference
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Basic ςMulti -temporal Speckle Filtering 

Original Multi-temporal De Grandi Multi-temporal Anisotropic  
non-linear Diffusion

© PALSAR-1 Data JAXA



SARscape®

www.sarmap.ch                                                                                                                February 2012

Basic ςTerrain GeocodedAirborne SAR Data - Quality and Level of Detail

© OrbiSAR-1 Data Orbisat
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This module provides SingleLook Complex(SLC)frame and strip based products starting from the

followingraw data:

ωERS-1/2 SAR

ωJERS-1 SAR

ωENVISAT ASAR Image Mode 

ωENVISAT ASAR Alternating Polarization 

ωENVISAT ASAR Wide Swath (based on an algorithm developed by POLIBA)

ωALOS PALSAR-1 Single Polarization 

ωALOS PALSAR-1 Dual Polarization

ωALOS PALSAR-1 Full Polarization 

Note that:

ÅThe mosaicingof ERS-1/2 SAR and ENVISAT ASAR raw data is supported;

ÅSLC data generated with this module are not appropriate to derive absolutely radiometric calibrated 

values.

Focusing Module
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Focusing Module  ςStrip Data Processing

© ASAR Data ESA Ethiopia

ENVISAT ASAR 
Image Mode
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Gamma & GaussianFiltering Module

Thismodule, which is dedicatedto the speckleremoval in SARimages,includesa whole family of SAR

specificfilters. The algorithmsare basedon Gammaand Gaussian-distributed scenemodels. They are

particularlyefficient to reducespecklenoise,while preservingthe radarreflectivity, the textural properties

andthe spatialresolution,especiallyin stronglytexturedSARimages.

In presenceof scene texture, to preserve the useful spatial resolution, e.g. to restore the spatial

fluctuationsof the radarreflectivity (texture),anAPriori first orderstatisticalmodelisneeded. With regard

to SARclutter, it is now well acceptedthat the Gamma-distributed scenemodel is the most appropriate.

The Gamma-distributed scenemodel, modulated by, either an independentcomplex-Gaussianspeckle

model (for SARSLCimages),or by a Gammaspecklemodel (for multilook detectedSARimages),givesrise

to a K-distributedclutter. Nevertheless,the Gaussian-distributedscenemodel remainsstill popular,mainly

for mathematicaltractability of the inverseproblem in caseof multi-channelSARimages(multivariateA

Prioriscenedistributions).
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SupportedSARfiltering methods:

ω SingleChannelDetectedSARdata

- Gamma-GammaMaximumAPosteriori(MAP)

- Gamma-Distribution-EntropyMAP(DEMAP)

- GammaAPosterioriMean

ω Multi ChannelDetectedSARdata

- Gamma-GaussianMAPfilter for uncorrelatedspeckle

- Gaussian-GaussianMAPfilter for correlatedspeckle

- Gaussian-DEMAPfilter for correlatedspeckle

ω ComplexSARdata

- SingleLookComplex: ComplexGaussian-DEMAP

- Separatecomplexlooksor interferometricseries: ComplexGaussian-GammaMAP

ω PolarimetricSARdata

- ComplexWishart-GammaMAP

- ComplexWishart-DEMAP

Gamma & GaussianFiltering Module
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Gamma & GaussianFiltering ςALOS PALSAR-1 FBS 

Original

Gamma-Gamma MAP

© PALSAR-1 Data JAXA
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Gamma & GaussianFiltering ςRADARSAT-2 Polarimetric 

Original

Complex Wishart-Gamma MAP

© RADARSAT-2 Data MDA
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Theprocessingincludesthe followingsteps:

ωCo-registrationusingDigitalElevationModel providethe proper parametersin order to alignthe same

pointsin the two images.

ωCommonDopplerbandwidthfiltering - If there is a differencein the DopplerCentroids,this stepallows

minimisationof the decorrelation.

ωInterferogramgeneration- Spectralshift filtering is performed on the imagepair, and the Hermitian

product iscalculated.

ωDEMflattening - Syntheticfringesare generatedfrom a coarserresolution DEMor ellipsoidalheight,

usinga backwardgeocodingapproach,and then cross-multiplied by the SARinterferogram. Thisstep

allowsremovalof most of the low frequencycomponentsof the wrappedphase,to easethe following

phaseunwrapping.

Interferometry Module

Thismodulesupportsthe processingof InterferometricSAR(2-passinterferometry, InSAR)andDifferential

Interferometric SAR(n-passinterferometry, DInSAR)data for the generationof Digital ElevationModel,

Coherence,andLandDisplacementmaps.
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ωAdaptivefiltering - Theflattened complexinterferogramis filtered to improvethe phaseSNR,improving

the heightaccuracyof the final DEM.

ωPhaseunwrapping- Thefiltered interferogramisunwrappedby usinga regiongrowingapproach.

ωPhaseeditingςUnwrappingerrorscanbecorrectedin a semi-automaticor completelymanualway.

ωGeometryoptimisation,basedon GroundControlPoints- Theorbits are refined in order to obtain an

accurateconversionof the phaseinformation to height and a proper geo-location. Both manualand

automatic proceduresfor the identification of the most suitable imagepixelsto be usedas GCPsare

implemented.

Interferometry Module



SARscape®

www.sarmap.ch                                                                                                                February 2012

ωPhaseto map conversionςA rigorousapproachis implemented,that takes into account the range-

Doppler nature of the SARacquisition. The final product is obtained in the desired cartographic

referencesystem,by taking into accountall the necessarygeodeticand cartographicparametersand

transformations.

ωPhaseto displacementςThe phasevaluesare convertedto displacementand geocodedonto a map

projection. Theusercanenter a specificdirection (azimuthangle) and inclinationanglealongwhichhe

assumesthat the main deformation occurred,or even enter an a-priori known deformation field as

input. For the generation of displacementmaps it is mandatory to run a second iteration of the

processing,from the interferogram flattening to the phase unwrapping,after the execution of the

baselinefit step(whichisaimedat correctingorbital inaccuracies).

Interferometry Module
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Interferometry ςDigital Elevation Model, ERS-Tandem

Switzerland© ERS Data ESA
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Bolivia

Interferometry ïDigital Elevation Model, TerraSAR -X-1

© TSX-1 Data Infoterra
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Interferometry ςDigital Surface and Terrain Mode, OrbiSAR-1 data

Digital Surface Model

X-band

Digital Terrain Model

P-band

Brazil© OrbiSAR-1 Data Orbisat
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Differential Interferometry, ENVISAT ASAR Image

Bam,Iran

Differential interferogram generated from an ASARpair

acquired on 3 December2003 (pre-earthquake)and 11

February2004(post-earthquake).

Deformation map obtained consideringa strike slip fault

(horizontalmovement)with a N-S oriented fault plane. Red

and green tones representthe areasof largestdeformation,

while yellowish areas correspond to smaller deformation

zones.

© ASAR Data ESA



SARscape®

www.sarmap.ch                                                                                                                February 2012

Differential Interferometry and AtmosphericEffects

ASAR WS 

interferometric 

phase including 

atmospheric 

artifacts

ASAR WS 

interferometric phase 

after reduction

of atmospheric 

artifacts and orbital 

refinement

MERIS water vapour 

for master image

ASAR WS 

interferometric 

phase after 

reduction of

atmospheric 

artifacts 

© ASAR and MERIS Data ESA
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ASAR intensity of sea ice ERS-2 -!{!w нуΩ ǇƘŀǎŜ

Differential Interferometry - Fast Moving Glaciers

Greenland© ASAR and ERS Data ESA
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Differential Interferometry, TerraSAR-X-1

1 colour cycle ~= 1.55 cm of displacement
1 pixel = 3 meter

11 days 

44 days 

22 days 33 days 

55 days 66 days 

© TSX-1 Data Infoterra Barcelona
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Differential Interferometry, Dual Pair Interferometry ςUrban

Barcelona

Top Left - Non-linear Displacement Map
(dark grey -2.3 cm; bright grey +2.2 cm)

Top Right - Residual Height Map
(dark grey -15 m; bright grey +18 m)

Bottom Right - Reference DEM, SRTM-4

© TSX-1 Data Infoterra
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Differential Interferometry ςInterferogram vs. Modeling

COSMO-SkyMed StripMap 

differential phase

Syntheticinterferogrambasedon 

Okada(direct) model

© INGV
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Themainprocessingcapabilitiesare:

ωScanSARSingleLookComplex(SLC)PairOverlapEstimation

ScanSARdataalignment,andburstoverlapping,isestimatedusingsensororbit descriptions.

ωDopplerCommonBandFiltering

Common azimuth bandwidth is selected on the master and slave bursts, minimising the signal

decorrelation.

ωBurstCoregistration

Coregistrationcoefficients are computed using sensor orbit descriptions. The slave burst is then

resampledoverthe masterburstgrid.

ScanSAR Interferometry Module

Thismodule extendsthe Interferometry one to the ScanSARmode, offering the capabilitiesto generate

interferogramsover large areas (400 x 400 km). This module enablesalso the generation of Digital

ElevationModel, Coherenceand LandDisplacementmapsbasedon ENVISATASARWide Swathdata. In

addition this moduleprovidesalsohybrid interferometricproducts,by combiningStripMode(ASARImage

Mode)datawith ScanSAR(ASARWideSwath)ones.
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ωInterferogramGeneration

Coregisteredbursts are filtered along the range direction in order to minimise the geometrical

decorrelation; either Syntheticfringesor a flat Earth interferogramcan be usedfor this purpose. The

interferogram is subsequentlygeneratedas an Hermitian product between masterandcoregistered

slavebursts.

ωSingleSwathInterferogramandSingleSwathDetectedImageGeneration

Singleburst interferogramsarecollectedandcoherentlysummedprovidinga multilookedinterferogram

imagefor eachScanSARswath. In the samestep the singlebursts absolutevalue data are collected,

weighted with a de-scallopingwindow, and incoherentlysummed,providing two (master and slave)

singleswath,coregistereddetectedimages.

ωSwathsRecomposing

Singleswathdata(interferogramanddetecteddata)arecomposedinto multi swathimages.

ScanSAR Interferometry Module
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ScanSAR Interferometry ςENVISAT ASAR Wide Swath

May - June 2005

Coherence
Mean Intensity 
Intensity Change

Senegal © ASAR Data ESA
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Bam, Iran

ScanSAR Differential Interferometry ςENVISAT ASAR Wide Swath

400 km

100 km 

Image Mode

© ASAR Data ESA
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Ethiopia

200 km

ScanSAR Differential Interferometry ςENVISAT ASAR Wide Swath

© ASAR Data ESA


