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ABSTRACT

The developmentof public-domainsoftware in the scienti�c communityhasstimulateda fastand free dissemination
of ideas. Herewe presentlatestcontributionsto public-domainradarinterferometrysoftwareto createinterferometric
productsandto analyzeandvisualizetheseproducts.Wepresentthefeasibilityof theDorisradarinterferometricsoftware
of Delft Universityof Technologyto createENVISAT interferometricproductssuchasDEMs anddeformationmaps.A
stepwisedescriptionof the creationof an ENVISAT DEM of the Las Vegasareais presented,usingbesidesDoris the
ESA BEAM toolbox, thestatisticalcostphaseunwrapperSNAPHU (StanfordUniversity), theGenericMappingTools
(Universityof Hawaii), andthePROJ.4package(USGS).Finally, theGRASSGIS softwareis usedto drapea LandSAT
imageon top of thecomputedDEM in orderto show theanalysisandvisualizationcapabilitiesof this freeGIS package.
Thesepackagesarealsodescribedbrie�y in thispaper. Bothadvantagesaswell asdrawbacksof thesetoolsarediscussed.
It is the intentionof this paperto demonstratehow a largerscienti�c communitycanbene�t from freely availabletools,
andwhichcontributionsneedto besolicitedfor.

1 INTRODUCTION

TheDelft object-orientedRadarInterferometricSoftwarepackage“Doris” is beendevelopedin theC++ sinceSeptember
1998[5] [6]. In 1999,it wasmadeavailablein thepublic domainto stimulatejoint developmentandto take advantage
of feedbackby a larger usercommunity. The availability of technicalpublic domainsoftware is importantfor a fast
acceptanceandintegrationof a techniquein otherdisciplines,enablingscientiststo gainexperiencewith new techniques
at low cost.Currently, many scientistsfrom variousresearchgroupsareusingDorisandqueryingtheDoriswebsite[12].
Thesepeoplearemembersof ausergroupthatautomaticallyreceivesnoticeof new releasesandwhocanaskandanswer
questionsfrom otherusers.Thesequestionsandanswersarearchivedusingafreeyahoogroupemailaccount[13], which
servesasa searchableFAQ (list of frequentlyaskedquestions).

Public domainsoftwareis generallydistributed“as is”, and“any expressor implied warranties,including, but not
limited to, the implied warrantiesof merchantabilityand �tness for a particularpurposearedisclaimed”. Installation
of public domainsoftwareis not alwaysstraightforward,mainly dueto differencesin con�gurationsof users(different
platform architecturesandconventions,compilers,etc.). A disadvantageof public domainsoftwareversuscommercial
softwaremay thusbe the lack of reliablesupport,concerninginstallation,running,anddocumentation.However, com-
mercialsoftwarealsodoesnotalwaysrunsmoothlyandit is for auseralmostimpossibleto repair, or evento gaininsight
in the problems. Sincepublic domainsoftware is often free of charge, it is often quickly updatedafter a reportof a
problem.But themainadvantageof thesoftwarediscussedhereis theavailability of thesourcecode,andthuscomplete
opennessof implementationdetailsandthepossibilityof adaptingit to onesneeds.

Doris is free for researchpurposesandhasbeeninstalledon virtually all existing platforms. The GNU compiler
suite[20] is usedasdefault compiler, which is availableon mostplatforms.Beforeinstallationa con�gure script is run
that �gures out compilerandplatform speci�cs (mainly big or small endian). Also, dedicatedlibrariesareusedwhen
available(thepublic domainFFTW library for Fouriertransformations[15], LAPACK for Cholesky decomposition,and
on HP systems,thecommercialVECLIB library for fastmatrix multiplications). If theselibrariesarenot available,an
internalimplementationis used.Thememory(RAM) usageof Doris canbesetwith theinput �le. Theusermanualand
technicaldocumentationis extensive (over100pages),andapproximately20%of thesourcecodearecomments.A test
datasetcanbedownloadedto getfamiliarwith thesoftware.

The basicinterferometrictaskscomputedwith Doris aredescribedin section2. During this processing,the basic
information(heightor displacement)is extractedfrom thephasedatain the input SingleLook Complex (SLC) images.
Doris integratesotherdedicated(public domain)programswherepossible,particularly for the phaseunwrapping,see
section2.7. Furtheranalysisandvisualizationof theresultsis thenperformedusingPROJ.4,GMT, andGRASS,which
is describedin sections3 and4. Finally, section5 concludeswith a review of themainadvantagesanddisadvantagesof
thepublicdomainsoftwaredescribedin thispaper.



2 INSAR PROCESSING

Doris is capableof performingmostcommonradarinterferometricprocessingstepsin a modularsetup.The following
sub-sectionsdescribethesemodules.In orderto demonstratethe capabilitiesof the softwaresuite,we computea full-
sceneinterferogramandcorrespondingDEM from ENVISAT ASAR dataonalaptop.Thetotalprocessingtimewasabout
1 hour, with a 900MHz processorandapproximately100MB of RAM available. TheoperatingsystemwasWindows
XP, while Cygwinwasusedasashell.Cygwinis aLinux-likeenvironmentfor Windows.MostCygwintoolsarereleased
undertheGPL(GNU GeneralPublicLicense,i.e.,freesoftware,[20]), or arein thepublicdomain.Installationof Cygwin
is extremelystraightforwardusinga setupscriptdirectly underWindows,see[11].

2.1 Doris' philosophy

Doris' philosophyis to usesimpleformatde�nitions, andasinglemainprogramthatkeepstrackof theprocessing.There
are3 small ASCII �les that areusedto storerelevant parameterson the masterimage,the slave, andon the products.
Eachprocessingstepcanreadandwrite to these�les, updatingthemwith thelatestavailableresults.Typical parameters
arefor examplethenameof a binarydata�le andthenumberof linesit contains,theDopplercentroidfrequency, orbital
datapoints,etc.Thedataproductsthemselvesarestoredin simplebinarydatastreams(i.e., �les), without aheader.

Dorisusesotherpublicdomainsoftwareto performdedicatedtasksthatcanbehandledwell by theseprograms.This
includesgetorb to obtainpreciseorbital datarecordsfor the ERSsatellites[8] [17], SNAPHU for phaseunwrapping
[27], GMT for generalplotting and gridding [19], PROJ.4 for coordinatetransformations[26], and GRASSGIS for
powerful analysisanddatafusionwith otherlayersof information[21]. Furthermore,it canhandlethepublicly available
GTOPO30globalheightmodelof theUSGSto removethetopographicphase[22], or theGLOBEDEMs[18]. Although
theresolutionof thisDEM is ratherlimited, in thenearfuturetheSRTM DEMsshouldbecomeavailablefor (almost)the
wholeearth[28].

A shell script hasbeenwritten that generatestemplatecon�guration �les andcanbe usedto run Doris. For each
step,the outputcanbe automaticallyvisualizedby generatingSUNrasterquicklook �les of the intermediateproducts.
Therealso is a quicklook processingoption build in the shell script that performsan automatedprocessingto quickly
obtain a lower quality interferogramand coherenceimage. The speed-upcomesfrom skipping �ltering steps,using
large multilooking factors,andusingsimpleinterpolationkernels.Peoplenot usedto theUNIX environmentcanhave
a disadvantagerunningtheDoris softwareat start(andtheotherdescribedpublic domainsoftware). But theconceptof
usingASCII input �les andapipelineof programsinsteadof agraphicaluserinterface(GUI) is quitepowerful, andwith
theprovideddocumentationandexamplesit is easyto apply.

2.2 Readingthe ASAR parameters

Doris wasoriginally written to handleERSSLC data.Adding anoption to Doris to beableto processdatafrom a new
satellitemainly meansaddingtheability to reada new dataformat,sincetheothermodulesarenot affected.For exam-
ple, for ENVISAT, the datais no longerdistributedin the CEOSformat,aswasusedfor the ERSandJERSsatellites.
Nevertheless,themainprocessingstepsto createtheinterferogramarehardlyaffected,aslongasthedataandtheparam-
eterscanbereadfrom theCD-ROM in thedistributedformat. Thenumberof parametersrequiredfor interferometryis
small,but they still needto bereadfrom thedistributeddataformats.For this purpose,ESA hasmadetheBasicERS&
Envisat (A)ATSRandMeris Toolbox(BEAM) freely available,see[14], makingthetaskof adaptingthesoftwarea lot
simpler. With thelibrary functionsin this toolbox,a simplestand-aloneprogramreadsall availableinformationfrom the
ASAR SLCdistributed�le, anddumpsit to a temporaryASCII �le. SimpleUNIX commandsarethenusedto extractthe
parametersthatarerequired,andto write themto theDoris parameter�le in thecorrectformatandunits. Thereading,
extractingandconvertingtheparametersonly takesa few secondsof CPUtime.

Detailson theprocessedscenescanbe found in tables1 and2. The temporalbaselineis only 35 days,resultingin
minimal temporaldecorrelationfor this dry area.Theinterferometricamplitudeof thesceneis shown in Fig. 2 (top left).
Thecity of LasVegasis locatedat thebottomof this image,whereasthetop partconsistsof mountains.Themaximum
topographicdifferencein thesceneis about3000meter, seealsoFig. 4.

2.3 Cropping (ASAR) data to hard disk

Using the ESA BEAM toolbox, we implementeda programthat is ableto readthe datain the distributedformat, and
writesanareaof interestto harddisk. This programis includedin theDoris distribution. We readandwrite thedataper
line to keeptheimplementationsimpleandmemoryrequirementslow. In Doris a systemcall is madeto this stand-alone



Table1: Imageparametersfor theprocessedmasterandslaveASAR SLC.Theseparametersarereadfrom theENVISAT
data�le usinga smallprogramwrittenwith thefreelyavailableESA BEAM library.

Imageparameter Master Slave
Framenumber 12 11
Orbit number 4418 3917
Acquisitiondate 03-JAN-2003 29-NOV-2002
Acquisitiontime [UTC] 17:52 17:52
Numberof lines 26894 26894
Numberof rangepixels 5195 5195
Dopplercentroidfrequency [Hz] 230 185

Table2: Productparametersfor theinterferogram.Most of theseparametershavebeencomputedby Doris.
Product parameter value
Sceneidenti�cation LasVegas
Scenesize[km2 ] 100� 100
Scenecenterlongitude[deg] -115.007
Scenecenterlatitude[deg] 36.4614
Perpendicularbaseline[m] 100.9
Parallelbaseline[m] -14.7
Heightambiguity[m] 81.4
Temporalbaseline[d] -35

program. The only requirementfor this to work is that the executableprogramis in the searchpath. The (wall clock)
timerequiredby thisprogramwasabout7 minutesfor a full scene(650MB of complex shortintegerdata,includingbyte
swapping),performedfor themasterandslave image.

2.4 Coregistration

Maybethemostimportantstepin interferometryis thealignmentof theslaveon themasterimage. Thedeterminationof
thecoregistrationpolynomialthatdescribesthetransformationof theslave to themasteris performedin 4 stepsin Doris.

First theorbital dataof masterandslaveareusedto computea singlecoarseoffsetonpixel level betweenmasterand
slave image. The estimatefor this offset is thenimprovedusinga crosscorrelationperformedon the intensitydataof
masterandslave on a small numberof relatively large patches.The initial offset is taken from the previous computed
coarseoffsetbasedon theorbits. In thethird step,the�ne coregistration,theoffsetvectorsbetweenmasterandslave are
computedat a largenumberof smallpatches(64 by 64 pixels),alsousinga crosscorrelationof theintensitydata.Fig. 1
shows thecomputedoffsetvectorsat thesepatches,whichprojecttheslave imageon top of themaster. Only vectorsare
plottedthathave a correlationlargerthan0.4. Above the image,anoverview of theestimatedoffsetsis givenin a table.
GMT is usedto plot thesedata.This plot is generatedby Doris,while optionallythemagnitudeof themasterimagecan
beusedasbackground.

Finally, whenwe have obtainedtheseoffsetsat a numberof positionsin the image,a thresholdis chosento select
patchesthatcontainusefulinformation,anda2D-polynomialof degree2 (by default) is �tted throughtheseoffsetvectors.
A leastsquares�t weightedby thecoherenceis used.In general,not all selectedoffsetvectors�t well within themodel.
We usea manualor automatediterative processto improve theestimationof the transformationpolynomial. Eachtime
afterapolynomialis �tted, wecandetectoutliersandexcludethemfrom a next polynomial�t. Thisgivesa largecontrol
to the user, who cancheckthecoregistrationin a detailedmanner. Plotsof the leastsquaresresiduals(2D vectorplot,
histogramsandanxy-plot) arealsogeneratedautomaticallyby Doris. Themaximumleastsquaresresidualwasabout0.2
pixels for this datasetandselectedoffset vectors(computedoffset versusmodel). Using theestimatedpolynomial,the
slave imageis resampledto themastergrid. We accountfor theDopplercentroidfrequency of theslave image,andcan
useseveralinterpolationkernels,rangingfrom nearestneighborto cubicconvolution,to a16point truncatedsinc.Default
we usea 6 point cubicconvolution kernel,see[4]. Theactualresamplingis by far themosttime-consumingprocedure,
about24minutesof CPUtime in thiscase.Theoutputformatwaschosento be4 byte�oat values,makingthesizeof the
data�le about1.3GB.
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Figure1: Offsetvectorsbetweenmasterandslaveimagecomputedwith Dorisandplottedwith theGMT. This is standard
outputduringthecoregistrationwith Doris.

2.5 Spectral �ltering

Spectral�ltering in rangeandazimuthcanoptionallybeappliedto increasethesignalto noiseratio. For theazimuth�lter
thenon-overlappingspectrumis removedbasedon thegivenDopplercentroidfrequencies(readfrom theannotationof
theSLC data,seesection2.2). Therange�ltering caneitherbe performedbasedon theorbital data(thusdisregarding
local terrainslopesdueto topography),or thenon-overlappingspectrumcanbelocally estimatedafterresamplingof the
slave image. For this demonstrationwe did not apply any spectral�ltering, mainly becausewe expectedonly a very
smallamountof decorellationdueto thesmallperpendicular(andtemporal)baseline,andthesmalldifferencein Doppler
centroidfrequencies(table1).

2.6 Interfer ogram generation

Theinterferogramis computedusinga multilook factorof 5 in azimuthand1 in range.It is simply thedotproductof the
masterandcomplex conjugatedslave, i.e., it containstheproductof theamplitudesandthedifferenceof thephasesof
masterand(aligned)slave. Thephasedifferencecontainsinformationon topography, possibledeformation,andpossibly
atmosphere.Theinterferogramgenerationtook lessthan2 minutes.

The interferometricphaseis correctedfor thephaseof a referencebody. In this casetheWGS84ellipsoidwasused
to computethereferencephase,but anexternalDEM canalsobeusedasinput in Doris. This DEM couldbein a variety
of input formats,but it mustbeon a regulargrid in theWGS84datum. Thereferencephasecorrectedinterferogramis
multilookedagain,now by afactorof 4 in bothdirections.Thepixel sizeof theproductis thusabout80by 80meters.The
multilooking reducesthesizeof thedata�les considerably, andalsoreducesmemoryrequirementsfor theunwrapping.
Fig. 2 showsthequicklookoutputof Doris for thecorrectedphase.

Doris canalso computethe coherenceimage,that can be usedas input for the cost function computationsin the
unwrappingprogram. Phase�ltering canbe appliedusingdifferentmethods. We normally usea simple pre-de�ned
spatialaveragingkernel,but optionally2D convolutionkernelscanbereadfrom ASCII input �les, or theGoldstein�lter
canbeused[3], [1]. In this casewe did notperformphase�ltering becauseof thealreadyhighcoherenceof thesedata.



Figure2: Overview of interferometricprocessingwith Doris. The interferometricamplitudeandphaseareshown (top
panels),aswell astheiroverlay(bottomleft). Thephaseis correctedfor thereferencephaseof theWGS84ellipsoid.The
unwrappedphaseis shown in thebottomright panel.Theseimagesareautomaticallygeneratedby Doris. Original data
arecopyright of ESA.

2.7 Phaseunwrapping with SNAPHU

The SNAPHU phaseunwrappingsoftwareis describedin [2]. It standsfor Statistical-Cost,Network-Flow Algorithm
for PhaseUnwrapping. It is a modern,sophisticatedphaseunwrappingprogramthat usesinformationon theexpected
smoothnessof theunwrappedphase,andcanusethe interferometricamplitudeand/orcoherenceimageto computethe
costfunctions.It is calledfully automaticallyfrom within Doris whenit is installedon thesystem.TheRAM useageof
SNAPHU cannotbecontrolledby Doris,exceptby usinglargermultilooking factors,thusreducingthedimensionsof the
interferogram.SNAPHU canbefoundat theinternetpagesof theStanforduniversity, [27]. Fig. 2 shows theunwrapped
phasein thebottomright. SNAPHU took 7 minutesof wall clock time to unwraptheinterferogramof size1297� 1310
pixels.

2.8 Phaseto height conversionand geo-referencing

The unwrappedphaseis convertedto a height,andthe (azimuth,range)coordinatesaregeo-referenced.Thealgorithm
describedin [9] wasusedfor thephaseto heightconversion,andtook about5 seconds.Two otherimplementationscan
alsobeusedto performthisstep.Thegeo-referencingtookabout1 minute,andwasdoneby constrainingeachpixel to the
previouslycomputedheight,to beperpendicularto themasterorbit, andto beat therangegivenby its rangecoordinate.

The outputof this stepis the height for a large numberof pixels at an irregular grid of (longitude,latitude)pairs,
which in itself is not thatuseful.TheseoutputmatriceshoweveraregriddedusingtheGMT tools,while with PROJ.4we
canperformcoordinatetransformationsto obtaintheDEM in thedesiredgriddingandcoordinatesystem.Alternatively,
GRASScan performthe gridding. Note that also other images,suchas the coherenceimage,are thusautomatically
geo-referencedin this way.
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Figure3: DEM (shadedrelief) of theLasVegasareacomputedwith Doris andotherpublic domaintools. Thedatagaps
in high-reliefareasarecausedby shadow.

3 COORDINATE TRANSFORMATIONS AND GRIDDING

ThePROJ.4package[26] is a “CartographicProjectionslibrary” thatcanperformrespective forwardandinversetrans-
formationof cartographicdatato or from Cartesiandatawith a wide rangeof selectableprojectionfunctions,including
datumtranslations.It hasbeenoriginally writtenby GeraldEvendenthenof theUSGS.It is well documentedandcanbe
usedto transformthegeo-referencedoutputof Doris to any desiredprojection,suchasUTM. An examplescriptfor these
transformationsis includedin theDorisdistribution.

TheGMT softwareis asetof toolsto handlef x,y,zgdata,implementedasUNIX �lters. Eachprogramperformsaspeci�c
task,suchascreatinga vectorplot, or to performgridding. Theoutputof eachprogramis eithera processeddata�le or
a postscriptplot. Theconceptof applyingprogramson outputof previousprogramsmakestheGMT extremely�e xible,
particularlyin combinationwith standardUNIX commands.GMT is extremelywell documented,with a “TechnicalRef-
erenceandCookbook”,the “GMT Tutorial”, andthe“GMT UNIX manpages”,which areall availableonline. GMT is
freesoftware,releasedundertheGNU GeneralPublicLicense.Seealso[19] and[10]. TheGMT softwarecanbeusedto
createpostscriptplotsof theoutputof Doris,but alsofor datainterpolationandgridding.Scriptsfor griddingareincluded
with Doris,but theGMT canbeusedfor anendlessvarietyof analysispurposes.

An exampleof the�nal outputof Doris is givenin Fig. 3, wheretheDEM is griddedin UTM coordinates.For compar-
isonweplot thecomputedDEM next to ahighprecisionreferenceDEM obtainedwith SRTM, seeFig. 4. Thedifference
betweenbothDEMs appearsto besmallon visual inspection,showing at leastthatno signi�cant errorsoccurredduring
theprocessingwith Doris.

4 GRASSGIS DATA ANALYSIS

TheGeographicResourcesAnalysisSupportSystem(GRASS)[21]) canbeusedaftergeo-referencingof theendproduct.
In this way, thecomputedDEM or deformationmapis a layerin a geographicinformationsystem,andcanbecombined
with otherlayers,suchasground-truthdata.GRASSis anopensource,FreeSoftwareGeographicalInformationSystem



Figure 4: High quality USGS DEM. Original horizontal resolutionis 25 meter. This �gure was createdusing the
shadedemprogramof theGermanSpaceAgency (not in thepublicdomain).

(GIS) with raster, topologicalvector, imageprocessing,andgraphicsproductionfunctionality that operateson various
platformsthrougha graphicaluserinterfaceandshell in X-Windows. GRASSis releasedundertheGNU GeneralPublic
License(GPL).

GRASSoffersasetof toolsfor DEM or deformationmapanalysislikecalculationsof surfaceparameters(e.g.,slope,
aspect,andcurvature),andallows to performmoredetailedanalysislike �o wliles andtheir densities,watershedcalcula-
tion, and�o w tracing.Thelatestversionof GRASSincludesnviz, amodulefor viewing datasurfacesin threedimensions
with theability to visualizemultiple raster, vector, andsite �les at onetime, with theadditionof volumedata.GRASS,
like otherGIS systems,hastheability to performspatialanalysisof datafrom differentsourcesandstoredin different
formats.GRASScanreadawidevarietyof dataformatssincetheimport functionis supportedby thegdallibrary [16].

For this work, a GRASSinstallationon a Linux-PCwasused(2GHzprocessor, 512MB RAM). Thef x,y,zg topographic
datafrom Doriswas�rst convertedto ASCII vectorsusingcpx�ddle, agenericutility distributedwith Doris. Thisdatawas
importedin GRASS,andtheninterpolatedto a regulargrid usingsplinewith tensionfunction [7]. After interpolation,
selectedfunctionalsof the surfaceparameterswere calculated,speci�cally slope,aspect,�o wlines and their density.
Additionaly, for dataanalysisandvisualizationpurposes,theLandsatdatawereimported.WeusedtheLandsatgeocoded
compositionarchive from 1990which is freely availablefor thelargestpartof theworld, see[25]. Thedataarestoredin
compressedMrSid format. The freely availabledecoderfrom Lizard Tech[24] hasbeenusedfor extractionof thedata
for ourareaof interest,andsavedin GeoTiff format.Landsatdatawereappliedfor 3D visualizationof theinterferometric
DEM. Fig. 5 andFig. 6 show examplesof theGRASScapabilities.

5 CONCLUSIONS

Radarinterferometryusingfreely availablesoftwarehasmaturedto a stagein which datafrom differentsensorscanbe
routinely processedto interferometricproducts.It is demonstratedthat Doris is capableof handlingthedataformatof
ERSandENVISAT ASAR. Togetherwith otherpublic domaintools—forphaseunwrapping,coordinatetransformation
anddatagridding—aDEM in UTM coordinateshasbeencomputedfor theLasVegasarea.The�e xibility of thesoftware
wasshown by performingthecomputationsona900MHz laptopwith approximately100MB of availableRAM, running
ona MS Windowsoperatingsystem.Thetotal processingtimewasapproximately1 hour.



Figure5: Screenshotof GRASS.A watershedanalysisis madefrom theoutputof Doris. For visualization,a LandSAT
imagehasbeendrapedover thecomputedDEM.

Figure6: Perspectiveview of theLasVegasareacreatedwith GRASS(nviz program)basedoninterferometricallyderived
heightsandaLandSAT image.



A largescienti�c usercommunitycantake advantageof thedevelopedsoftware,andfrom theotherdescribedtools,
whichallows themto performtheir researchwith ENVISAT datain a convenientmanner.

Not includedin thedescribedsoftwareis theSARprocessing,i.e., thefocussingof theraw radardatato SLC images
(which is the input to the Doris software). This may be overcomeby the recentreleaseof the JPL ROI PAC software
in thepublic domain[23] (at leastfor ERS).Also lackingis a genericmulti-platformtool for interactivevisualizationof
interferometricproducts.Herewemayalsobene�t of thereleasedDGX software[23].

Furthermore,it hasnotyetbeeninvestigatedwhatthedistributionformatis for theSRTM DEMs,norhow to interface
convenientlywith this hugedataset for topographicphasecorrection(or to useit to aid unwrapping,computeterrain
correctedcoherence,geo-referencedeformationmaps,etc.). For this step(referencephasecomputationusinga DEM),
thecurrentalgorithmis not very ef�ciently programmed,andthecomputationstake a long time. It is alsolimited to the
usageof DEMsin theWGS84datum,in aregulargrid, while mostpeoplemayhaveahighaccuracy DEM of theirareaof
interestin somelocaldatum.ThePROJ.4softwarein combinationwith theGMT canbeusedto circumventthisproblem,
but astandardsolutionis notprovidedby theDorissoftware.

A possibledrawbackof includingseveralpublicdomainpackageto performdifferenttasksmaybedifferentphiloso-
phiesof differentauthors.For example,it is notpossibleto controlmemoryusageof theSNAPHU softwarefrom within
Doris. In generalhowever, mostusersnowadayswill havea powerful computeravailable.

Furtherimprovementsto the describedsoftwarethat areconsideredarean interfaceto RadarSAT dataformat, and
moduleto enablethesubtractionof anavailablereferencedeformationmodel.
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