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Abstract

TheongoingGRASSGISprojectis following theopensourcedevelopmentmodelwith fully
accessiblesourcecodewhich is releasedunderGNU GeneralPublicLicenseandregularreleases.
Thebasicdevelopmentis undertakenby the“GRASSDevelopmentTeam”,specialcontributions
aredeliveredby institutionsor individual developers. If suchcontributions are interestingfor
a wider audience,they are integratedinto the main GRASSsystem. In 2000 andfirst half of
2001thedevelopmenthasbeenfocusingon codestabilizationandportability – GRASSshallbe
compliantto ratherany UNIX derivateandMacOSX (Darwin) and,utilizing theCygWin tools,
evenon MS-Windows platforms.Importantnew featuresof GRASS5.0.0areintroducedin this
article. New ideasand changeswill be introducedin the upcomingGRASS5.1.0, the author
briefly outlinesbasicideasof proposedimprovements.Due to recentchangesthepaperreflects
latestdevelopmentup to July2001.
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1 Review – GRASS5.0.0Developmentin 2000

TheGRASS(GeographicResourcesAnalysisSupportSystem)DevelopmentTeamis closeto release
the stableversion5.0.0 which provides major functionality improvementssinceyears. After two
yearsof developmentwhich wasbasedon the inofficial sourcesreceived from U.S. Army CERL,
theGRASSDevelopmentTeamhasnearlyfinalizedthis partof theproject. At time of this writing
GRASS5.0.0pre1hasbeenpublishedrecentlywhich canbe consideredasa reliableandportable
GIS system.During thefinal testphasebugsandportability problems(GRASS5 now runson more
than10differentarchitectures)will beaddressedto achieve thestableversion.Thefollowing section
will describesomeaspectsof theseveralthousandcodechangeswhichhavebeenappliedto GRASS
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during the twelve month. Deficienciesin comparisonto otherproprietaryGIS will be addressedin
theforthcomingversionGRASS5.1.0.

1.1 Impr ovedspatial data exchange

Thedataimport andexport capabilitiesareessentialfor any GIS relatedwork. Due to themultiple
dataformatsusedin the GIS world and a currently low standardizationlevel GIS software needs
to supportvariousdataformats. Comparingto GRASS4.x the capabilitieshave beenimproved:
GRASSnow allows to import vectordatain SHAPE,E00 andMapInfo format. As SHAPEis an
non-topologicalvectorformat,a specialtopologyenginewasimplementedto optionallycorrectdata
inconsistenciesduring import. Theonly currentdrawbackis that thevectorfile hasto beprocessed
completelyin memorywhichleadsto speedreductionsandeventualhighmemoryconsumption.This
problemwill beaddressedin GRASS5.1 wheresegmentedvectorprocessingwill be implemented.
For rasterdataimport supporta bridgeto “GDAL” (GeospatialDataAbstractionLibrary) hasbeen
implemented.GDAL is a library which readsmorethan20 GIS andimageprocessingrasterformats
rangingfrom simple(geocoded)imagesto SARdatacontainingcomplex numbers.GRASS5.0.0pro-
videssomenew export modulesaswell: SHAPE,E00(with thelimitation of projectioninformation
notyet beingexported)andMapInfo.
A new externallibrary "libgrassio"hasbeendeveloped:This standaloneGRASSlibrary is suitable
for non-GRASSapplicationswhich directly want to readfrom andwrite to GRASSdatabases.For
examplemapbrowsersor geostatisticalsoftwarearepossibleapplicationsto usethis functionset.As
beingreleasedunderLGPL, evenproprietarysoftwareproductsmayintegrateit.

1.2 Sourcecodechanges

An essentialimprovementfor the entiredevelopmentprocesshasbeenthe integrationof GRASS
5.0.0sourcecodeinto a CVS-server (ConcurrentVersioningSystem)sinceendof 1999. TheCVS-
server establishesa modernmethodto managesourcecodein a centralizedmanner. Every change
is reviewedby otherdevelopers,new GRASSreleasescanbeeasilyextracted.As CVS works fully
automated,thereare no longer limitation to accessand modify the GRASSsoftwareexcept local
technicalreasonsor network problems.Duringtheyear2000morethan3000so-calledCVS-commits
havebeenuploaded:bugfixes,improvements,sourcecodeanddocumentationupdates.
A focusof developmenthasbeento increasetheplatformportabilityof GRASS.BesidevariousUNIX
compliantoperatingsystemstherecentlypublishedMacOSX (Darwin) systemis now supportedas
well asMS-Windows utilizing the CygWin tools. Latter still lacksthe common"InstallShield"but
this is just amatterof time.
Due to GRASS’s history numericalfunctionshave beenspreadthroughoutthe code. Thesefunc-
tionsarenow assembledin anew mathematicallibrary “gmath” whichadditionallyprovideswrapper
functionsto supportLAPACK/BLAS routines(http://www.netlib.org/lapack/). Thede-
pendency on onesingle library shall improve the numericalreliability. For future moduleswhich
requirestablenumericalalgorithmsthe LAPACK/ BLAS functionsprovide sophisticatedandwell
testedvectorandmatrix operationssupport.Evena parallelizedversionis availablewhich performs
optimizedon computerclusters.
The projection software has beensyncronizedto the current main releaseof “PROJ4” software
(http://www.remotesensing.org,originallydevelopedbyUSGS,now thissoftwareis main-
tainedby FrankWarmerdam).Futureplanscover the integrationasa sharedlibrary andutilization
of the datumshift functionswhich are alreadyimplementedin PROJ4. At time datumshifts are
unsupportedin GRASS,this will bechangedfor GRASS5.1.0.
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v.out.shape −−interfacedescription

Python, Python−XML
       wxPython

grass−interface.dtd

XML code

Figure 1: Autogeneratedmenuentry basedon XML/wxPython.TheXML outputcontainstext from
the“–help” parameter. Commandline call:
v.in.shape -interface-description

�
python src/gui/python/grassgui.py

1.3 Legal issues

TheGRASS5.0.0packageconsistsof about1.5million linesof C-sourcecodewhich is releasedun-
derGPL(GNU GeneralPublicLicense).GRASSis by sizestill belongingto theTop10 largestopen
sourceprojectsworldwide(http://www.codecatalog.com). To fulfill theGPLrestrictions,a
major cleanupwasundertaken to remove copyright-restrictedroutineswhich have beenrarely used
within thecode.A specialproblemhadto beaddressed:For GRASS5 floatingpoint datatheLZW-
compressionhasbeenusedwhich is copyrighted(andrestricted)by UNISYScompany. To avoid any
problems,thiscompressionmethodwascompletelyremovedandchangedto thefree“zlib” compres-
sion.For GRASSdatabaseswhichweregeneratedin LZW-compressiontheuserhasto convert them
with aspecialscript“r.lzw2z” which is availableonline.

1.4 Graphical User Interface/XDRIVER development

Thelongtimeawaitedrewriting of theXDRIVER hasbeenfinished:TheGRASSmonitorcannow be
resizedandclosedby mouselike otherwindows, thedisplayedmapsareimmediatelyauto-redrawn.
Internally theXDRIVER wasmodifiedto use“sockets” insteadof theslower “fifos”. These“sock-
ets” allow muchfastercommunicationbetweenthe GRASScoresystemandthe GRASSmonitor.
AccordinglytheCELL driver, a recentlydevelopedPNGdriver (to directlywrite monitoroutputinto
aPNGrastermap)andanew HTMLMAP driver (to directlywrite vectoroutputinto aHTML image
map)havebeenupdated.To supportmodernGUI (GraphicalUserInterface)development,themod-
ule shortdescriptions,well known from the "help" parameter, canbe printedin XML format using
thenew "–interface-description"parameter(seefig. 1). This featureis requiredfor the forthcoming
automatedGUI-builder which will createmenuson-the-fly. The XML definitionsarestoredin the
new GRASSBridgeDTD, originally developedfor theOSSIMproject(OpenSourceSoftwareImage
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Figure2: GRASSmapbrowserprototypefor OSSIMproject: XML/wxPython

Map,http://www.ossim.org/). At timeof this writing all commandline modulessupportthe
new feature.Eventuallyit will beextendedto generatethemodulemanualsdynamicallywhich are
currentlyavailablein HTML format.
A prototypeGRASSmapbrowserdevelopedby IntevationGmbHcanbeseenin fig. 2. Theportability
evenallows to developplatformindependentuserinterfaces:Fig. 3 shows a prototypeon MacOSX
whichwasdevelopedwith “Cocoa”programmingenvironment.

1.5 New(Geo)-StatisticsInterfaces

Two new interfacesto supportexternalstatisticalsoftwarehavebeendeveloped:

� R statisticaldatalanguageinterface(Bivand2000,Bivand& Neteler2000)

� gstatinterface(EdzarJ.Pebesma1998)

R consistsof a corestatisticalsystem(R statisticaldatalanguage)supposedto be the GNU clone
of the proprietaryS-Plus. It comesalongwith many extensionswhich addfurther statisticalfunc-
tionality like geostatistics,clusteranalysis,classifications,time seriesetc. to thecoresystem.These
extensionsaremaintainedindividually by their authors. In termsof geostatisticsR recentlyoffers
variousgeostatisticalextensionsto supportvariogramanalysisanddifferentinterpolationmethods.
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Figure3: GRASSprototypeGUI onMacOSX usingCocoaGUI builder

The GRASS-R-interfaceallows to exchangeraster, vectorandsitesdatafrom andto R for further
analysis.The3D rastervoxel is forthcoming.As theexistingmemorylimitation hasbeenremovedin
R (in pastthedemandedmemoryhadto bereservedat startup),only thephysicalmemorylimits the
amountof datafor analysis.Using R diagramsandmapscanbe generatedandstoredin Postscript
format. The R-XGOBI interface is an excellent extensionfor datavisualizationand exploration.
In termsof remotesensingmulti-dimensionaldatasetscanbe visualizedthroughthe “grand tour”
feature.
Thegstatssoftwareis apuregeostatisticaltool. Usingthegnuplotvisualizationtool it canplot sample
variogramsandvariogramfunctions. Like R it is portedto mostcomputerplatforms. Gstatcovers
themodelling,predictionandsimulationof geostatisticaldatain one,two or threedimensionswith a
focusonthevariouskriging methods.Similar to R it maybeprogrammedwith it’ sown programming
language.
TheGRASS-gstatsinterfacehasbeenpublishedrecently(from gstatsversion2.3.3onwards,2001).
It is built-in into thegstatspackageandallows to readandwrite GRASSspatialdata.Pointdataare
readfrom site lists or rastermaps,output(predictionor simulationresults)is written to eitherraster
mapsor sitelists.
Both R andgstathave to bestartedwithin GRASSastheenvironmentvariablesdefinedby GRASS
areinterpreted.As known from GRASSrastermodules,both interfacesareregion sensitive. This
conceptallows to easilyselectandanalysesub-regions.

5



2 Futur eDir ections- Developmentin 2001/2002

After releaseof GRASS5.0.0(stable)theversionnumberschemewill bechangedto theLinux Ker-
nel numberingscheme:GRASS5.even.x will reflectstableversions,while GRASS5.odd.x denotes
developmentversions.The"beta"numberingusedin pastwon’t appearany more.
The5.1.0developmentcanbesplit into two main phases,a restricted“Phase1” anda secondopen
“Phase2”. Variousmilestoneswill beaddressedduringthedevelopment.As the5.1.0development
will be startedwith a major codereorganization,a restrictedphaseis necessaryto minimize the
amountof unpredictablebugsduringtheimplementationphase.

2.1 GRASS5.1.0restricted “Phase1”

The first taskwill includethe developmentof a new directorylayout. This is requiredfor the im-
plementationof a new Makefile systembasedon “automake” which replacesthe currentGRASS
Gmakefiles. A secondaim deriving from thenew codelayout anda codeseparationis to build the
GRASSlibrariesassharedlibraries.Thiswill reducethememoryrequirementsfor eachmoduleand
speeduploadingtime. As notedaboveaseparationof theGRASSdatabaseI/O routinesfrom GISLIB
will be implemented.Theseroutines(currentlylimited to rasterI/O routines)arealreadyextracted
into anexternal“libgrassio”package.
As a third major taska new improvedGRASSvector library will be integrated. To overcomecur-
rentGRASSlimitations,thenew library supports2.5D/3Dvectordata,will have integrateddatabase
managementsystem(DBMS) supportto managemultiple vectorattributesandwill befully 32/64bit
compliant.Thenew attributemanagementrequiresa built-in DBMS interface.Thenew corevector
library hasalreadybeenseparatelydevelopedaswell asa basicDBMS driver. To speedup vector
topologybuild processeson large vectorfiles, a new vectorsegmentationalgorithmwill be imple-
mented. The next milestoneincludesthe updateof all vector modules. Finally, after addingthe
rasterandsitesmodulesto 5.1.0,a modularpackagingconceptwill be established.Suchpackages
allow topicorientedwebdownloadinge.g.of a “GRASSimageprocessingpackage”or the“GRASS
DEM analysispackage”additionallyto the“GRASScorepackage”.At this stageof implementation
GRASS5.1will becomefully usable.

2.2 GRASS5.1.0open"Phase2"

Already separatelydeveloped,but not yet implementedinto 5.x is a fully graphicalstartupscreen
with sessionmanager, which allows to build locationson thefly from externalGIS data,alongwith
locationenlargementon-the-flyandgraphicallocationdefinition.However, thetext basedstartupwill
bekeptin futurefor low-level access.
To improveandspeedupthesitesmanagement,in GRASS5.1.0thesiteslist will bemanagedwithin
a DBMS. This allows to support“NULL data” in multiple attributessiteslists (not possiblein the
currentASCII lists).
Anothertaskis theintegrationof FreeTypefont engineto supportratherany font. GRASS5.0.0still
lacksPostscriptor TrueTypefontsdueto limited support(at time restrictionto Hershey fonts). The
forthcomingFreeTypefont engineallows to displayevenAsianor othernon-latinfonts.
To improve theacceptanceof GRASSespeciallyfor new usersaninternationalization(multiple lan-
guagessupport)will beundertaken.UsingtheGNU “gettext” system,all messageswill bemaintained
in tables. For eachlanguagea columnwill containthe translatedmessages.Languageselectionis
controlledby countrycodes.
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3 Conclusion

TheGNU licensingof GRASScontinuouslyattractsanincreasingnumberof developers.Thechosen
licensemodelpreventsthesoftwareauthorsfrom misuseof their developmentsdueto thelicensere-
strictionsat thesametimeof full access.All participantsbenefitfrom OpenSourceconcept.Sharing
ideasandknowledgewith an underlyingcommonGIS conceptimprovesflexibility andspeedsup
own developments.Thecurrentlimitationsof GRASS5.0.0will beaddressedin GRASS5.1.0.
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