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Abstract

TheongoingGRASSGIS projectis following the opensourcedevelopmentmodelwith fully
accessiblsourcecodewhichis releasedinderGNU GeneraPublicLicenseandregularreleases.
Thebasicdevelopments undertakn by the“GRASS DevelopmenfTeam”, specialcontritutions
are deliveredby institutionsor individual developers. If suchcontrikutions are interestingfor
a wider audiencethey areintegratedinto the main GRASSsystem. In 2000 and first half of
2001the developmenthasbeenfocusingon codestabilizationandportability - GRASSshallbe
compliantto ratherary UNIX derivateandMacOSX (Darwin) and,utilizing the Cyg\Win 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 proposedmprovements.Due to recentchangeghe paperreflects
latestdevelopmentup to July 2001.
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1 Review—-GRASSS5.0.0Developmentin 2000

The GRASS(GeographidResourcesnalysisSupporiSystem)DevelopmentTeamis closeto release
the stableversion5.0.0 which provides major functionality improvementssinceyears. After two
yearsof developmentwhich was basedon the inofficial sourcesreceved from U.S. Army CERL,
the GRASSDevelopmentTeamhasnearlyfinalizedthis part of the project. At time of this writing
GRASS5.0.0prelhasbeenpublishedrecentlywhich canbe consideredas a reliable and portable
GIS system.During the final testphasebugsandportability problems(GRASS5 now runson more
than10 differentarchitecturesyvill beaddressetb achieve the stableversion.Thefollowing section
will describesomeaspect®of the severalthousandodechangesvhich have beenappliedto GRASS
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during the twelve month. Deficienciesn comparisorto otherproprietaryGIS will be addressedh
theforthcomingversionGRASS5.1.0.

1.1 Impr ovedspatial data exchange

The dataimport andexport capabilitiesareessentiafor ary GIS relatedwork. Dueto the multiple
dataformatsusedin the GIS world and a currently low standardizatiorlevel GIS software needs
to supportvariousdataformats. Comparingto GRASS4.x the capabilitieshave beenimproved:
GRASSnNhow allows to import vectordatain SHAPE,EQ00 and MaplInfo format. As SHAPEIs an
non-topologicalvectorformat,a specialtopologyenginewasimplementedo optionally correctdata
inconsistenciesluringimport. The only currentdravbackis thatthe vectorfile hasto be processed
completelyin memorywhichleadsto speedeductionsandeventualhighmemoryconsumptionThis
problemwill beaddresseih GRASS5.1 wheresggmentedvectorprocessingvill beimplemented.
For rasterdataimport supporta bridgeto “GDAL” (GeospatiaData AbstractionLibrary) hasbeen
implemented GDAL is alibrary which readsmorethan20 GIS andimageprocessingasterformats
rangingfrom simple(geocodedimagedo SAR datacontainingcomplex numbers GRASS5.0.0pro-
videssomenew export modulesaswell: SHAPE,EQO0 (with the limitation of projectioninformation
notyet beingexported)andMaplnfo.

A new externallibrary "libgrassio"hasbeendeveloped: This standalon€GRASSIlibrary is suitable
for non-GRASSapplicationswhich directly wantto readfrom andwrite to GRASSdatabaseskFor
examplemapbrowsersor geostatisticatoftwarearepossibleapplicationgo usethis functionset. As
beingreleasedinderLGPL, evenproprietarysoftwareproductsmayintegrateit.

1.2 Sourcecodechanges

An essentiaimprovementfor the entire developmentprocesshasbeenthe integration of GRASS
5.0.0sourcecodeinto a CVS-senrer (ConcurrentVersioningSystem)sinceendof 1999. The CVS-
sener establishes modernmethodto managesourcecodein a centralizedmanner Every change
is reviewed by otherdevelopershew GRASSreleasesanbe easilyextracted.As CVS worksfully
automatedthereare no longer limitation to accessand modify the GRASS software exceptlocal
technicareason®r network problems.Duringtheyear2000morethan3000so-calledCVS-commits
have beenuploadedbugfixes,improvementssourcecodeanddocumentatiompdates.

A focusof developmenhasbeeno increaseaheplatformportability of GRASS BesidevariousUNIX
compliantoperatingsystemgherecentlypublishedMacOSX (Darwin) systemis now supportedas
well asMS-Windows utilizing the CygWin tools. Latter still lacksthe common'InstallShield" but
thisis justa matterof time.

Due to GRASSS history numericalfunctionshave beenspreadthroughoutthe code. Thesefunc-
tionsarenow assembledh anev mathematicalibrary “gmath” which additionallyprovideswrapper
functionsto supportLAPACK/BLAS routines(ht t p: / / www. net | i b. or g/ | apack/ ). Thede-
pendeng on onesingle library shallimprove the numericalreliability. For future moduleswhich
requirestablenumericalalgorithmsthe LAPACK/ BLAS functionsprovide sophisticatecand well
testedvectorandmatrix operationsupport.Evena parallelizedversionis availablewhich performs
optimizedon computerclusters.

The projection software has beensyncronizedto the current main releaseof “PR0OJ4” software
(htt p: // www. r enot esensi ng. or g, originally developedoy USGS now this softwareis main-
tainedby FrankWarmerdam).Futureplanscover the integrationasa sharedibrary and utilization
of the datumshift functionswhich are alreadyimplementedn PROJ4. At time datumshifts are
unsupportedn GRASS, thiswill bechangedor GRASS5.1.0.
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Figure 1: Autogenemated menuentry basedon XML/wxPython.The XML outputcontainstext from
the“—help” parameter Commandine call:
v.in.shape -interface-description | python src/gui/python/ grassgui.py

1.3 Legalissues

The GRASS5.0.0packageconsistof aboutl.5 million linesof C-sourcecodewhichis releasedin-

derGPL (GNU GeneraPublicLicense).GRASSIs by sizestill belongingto the Top 10 largestopen
sourceprojectsworldwide (ht t p: / / www. codecat al og. com). To fulfill theGPL restrictionsa

major cleanupwas undertalento remove copyright-restrictedroutineswhich have beenrarely used
within the code.A specialproblemhadto be addressedFor GRASSS5 floating point datathe LZW-

compressiomasbeenusedwhichis copyrighted(andrestricted)y UNISYS compary. To avoid any

problemsthis compressiomethodwascompletelyremosedandchangedo thefree“zlib” compres-
sion. For GRASSdatabasewhich weregeneratedn LZW-compressionhe userhasto corvertthem

with aspecialscript“r.lzw2z” which is availableonline.

1.4 Graphical UserInterface/XDRIVER development

Thelongtime awaitedrewriting of theXDRIVER hasbeenfinished: The GRASSmonitorcannow be
resizedandclosedby mouselik e otherwindows, the displayedmapsareimmediatelyauto-redran.
Internally the XDRIVER wasmodifiedto use“sockets” insteadof the slower “fifos”. These“sock-
ets” allow muchfastercommunicatiorbetweenthe GRASScore systemandthe GRASSmonitor.
Accordinglythe CELL driver, arecentlydevelopedPNG driver (to directly write monitoroutputinto
aPNGrastermap)andanev HTMLMAP driver (to directly write vectoroutputinto aHTML image
map)have beenupdated.To supportmodernGUI (GraphicalUserInterface)developmentthe mod-
ule shortdescriptionswell known from the "help” parametercanbe printedin XML formatusing
the new "—interface-descriptionparametefseefig. 1). This featureis requiredfor the forthcoming
automatedsUI-builder which will createmenuson-the-fly The XML definitionsare storedin the
new GRASSBridgeDTD, originally developedfor the OSSIMproject(OpenSourceSoftwarelmage


http://www.codecatalog.com

; 229
Home directory
][ Fle Bt Settings Help
Ch lur
800
Select a directory: | mobilehomefernhardigrass/database
Lacation Mapset Cell rinfo
warld FERMAMNENT dem
elUropa hernhard demn2 data type =integer (CELL}
asia, dem2grown bytes per pixel = 4 o
neu demaites compressed = 1 [—]
proi rows, cols = B000x4500
proi=3 =
zone = 0
ew_res = 0003333 J
rvs_res = 0.008333 i
. naorth = 40.000000
@ south = -10.000000
= eat = 140000000
west = 100000000
CD-ROMDO - ‘e’
PROJ.4 Definition = +proj=longlat +ellps=wgs84 +to_meter=1.0
TN jl Il
Cancel ] [ Okay ] -
21:48
Sat
Jan 20
a is .
[ﬂ P BeEQ |_| ] Terminal [T0551M: Open Scurce 5o...|[T] GRASS raster browser | (o)

Figure 2: GRASSnapbrowserprototypefor OSSIMproject: XML/wxPython

Map,ht t p: // www. ossi m or g/ ). At time of thiswriting all commandine modulessupportthe
new feature. Eventuallyit will be extendedto generatehe modulemanualsdynamicallywhich are
currentlyavailablein HTML format.

A prototypeGRASSmapbrowserdevelopedoy IntevationGmbHcanbeseenn fig. 2. Theportability
evenallows to develop platformindependenuserinterfaces:Fig. 3 shavs a prototypeon MacOSX
whichwasdevelopedwith “Cocoa” programmingervironment.

1.5 New (Geo)-Statisticsinterfaces

Two new interfacesto supportexternalstatisticalsoftwarehave beendeveloped:

¢ R statisticaldatalanguagenterface(Bivand2000,Bivand& Neteler2000)

e gstatinterface(EdzarJ. Pebesm4d998)

R consistsof a core statisticalsystem(R statisticaldatalanguage)supposedo be the GNU clone
of the proprietaryS-Plus. It comesalongwith mary extensionswhich add further statisticalfunc-
tionality lik e geostatisticsglusteranalysis classificationstime seriesetc. to the coresystem.These
extensionsare maintainedindividually by their authors. In termsof geostatisticRR recentlyoffers
variousgeostatisticaéxtensiongo supportvariogramanalysisanddifferentinterpolationmethods.
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Figure 3: GRASS$rototypeGUI on MacOSX usingCocoaGUI builder

The GRASS-R-interhceallows to exchangeraster vectorandsitesdatafrom andto R for further
analysis.The 3D rastervoxel is forthcoming.As the existing memorylimitation hasbeenremovedin
R (in pastthe demandednemoryhadto be resenedat startup),only the physicalmemorylimits the
amountof datafor analysis.Using R diagramsand mapscanbe generatecndstoredin Postscript
format. The R-XGOBI interfaceis an excellent extensionfor datavisualizationand exploration.
In termsof remotesensingmulti-dimensionaldatasetsan be visualizedthroughthe “grand tour”
feature.

Thegstatssoftwareis apuregeostatisticalool. Usingthegnuplotvisualizationtool it canplot sample
variogramsandvariogramfunctions. Like R it is portedto mostcomputerplatforms. Gstatcovers
themodelling,predictionandsimulationof geostatisticatiatain one,two or threedimensionawith a
focusonthevariouskriging methods Similarto R it maybeprogrammeavith it’s own programming
language.

The GRASS-gstatinterfacehasbeenpublishedrecently(from gstatsversion2.3.3onwards,2001).
It is built-in into the gstatspackageandallows to readandwrite GRASSspatialdata. Pointdataare
readfrom sitelists or rastermaps,output(predictionor simulationresults)is written to eitherraster
mapsor sitelists.

Both R andgstathave to be startedwithin GRASSasthe ervironmentvariablesdefinedby GRASS
areinterpreted. As known from GRASSrastermodules,both interfacesare region sensitve. This
concepiallowsto easilyselectandanalysesub-reions.
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2 Future Directions- Developmentin 2001/2002

After releaseof GRASS5.0.0(stable)the versionnumberschemewill be changedo theLinux Ker
nel numberingscheme:GRASS5.evenx will reflectstableversionswhile GRASS5.odd x denotes
developmentversions.The"beta"numberingusedin pastwon’t appeamny more.
The5.1.0developmentcanbe split into two main phasesa restricted'Phasel” anda secondopen
“Phase2”. Variousmilestoneswill beaddresseduringthe development.As the5.1.0development
will be startedwith a major codereoiganization,a restrictedphaseis necessaryo minimize the
amountof unpredictabldugsduringtheimplementatiorphase.

2.1 GRASSS5.1.0restricted“Phasel”

Thefirst taskwill includethe developmentof a new directorylayout. This is requiredfor the im-
plementationof a nev Makefile systembasedon “automale” which replacesthe current GRASS
Gmalefiles. A secondaim deriving from the new codelayoutanda codeseparations to build the
GRASSIibrariesassharedibraries. Thiswill reducethe memoryrequirement$or eachmoduleand
speeduploadingtime. As notedabove aseparationf the GRASSdatabas#'O routinesfrom GISLIB
will beimplemented.Theseroutines(currentlylimited to rasterl/O routines)are alreadyextracted
into anexternal“libgrassio” package.

As athird major taska new improved GRASSvectorlibrary will be integrated. To overcomecur-
rent GRASSIimitations,thenew library supports2.5D/3Dvectordata,will have integrateddatabase
managemergystem(DBMS) supportto managemultiple vectorattributesandwill befully 32/64bit
compliant. The new attribute managementequiresa built-in DBMS interface. The new corevector
library hasalreadybeenseparatelydevelopedaswell asa basicDBMS driver. To speedup vector
topology build processe®n large vectorfiles, a new vector segmentationalgorithmwill be imple-
mented. The next milestoneincludesthe updateof all vector modules. Finally, after addingthe
rasterandsitesmodulesto 5.1.0,a modularpackagingconceptwill be established Suchpackages
allow topic orientedwebdownloadinge.g.of a“GRASSimageprocessingackage’or the*“GRASS
DEM analysispackageadditionallyto the“GRASS corepackage” At this stageof implementation
GRASSS.1will becomefully usable.

2.2 GRASSS5.1.00pen"Phase 2"

Already separatelydeveloped,but not yet implementednto 5.x is a fully graphicalstartupscreen
with sessiommanagerwhich allows to build locationson the fly from external GIS data,alongwith
locationenlagemenibn-the-flyandgraphicalocationdefinition. However, thetext basedstartupwill
bekeptin futurefor low-level access.

To improve andspeedup thesitesmanagemenin GRASS5S.1.0thesiteslist will be managedvithin
a DBMS. This allows to support“NULL data” in multiple attributessiteslists (not possiblein the
currentASCII lists).

Anothertaskis theintegrationof FreeType font engineto supportratherany font. GRASS5.0.0still
lacksPostscripor TrueType fonts dueto limited support(at time restrictionto Hershg fonts). The
forthcomingFreeTlypefont engineallowsto displayevenAsianor othernon-latinfonts.

To improve the acceptancef GRASSespeciallyfor nen usersaninternationalizatior{multiple lan-
guagesupportwill beundertalen. UsingtheGNU “gettext” systemall messagewill bemaintained
in tables. For eachlanguagea columnwill containthe translatednessagesLanguageselectionis
controlledby countrycodes.



3 Conclusion

The GNU licensingof GRASScontinuouslyattractsanincreasinghumberof developers.Thechosen
licensemodelpreventsthe softwareauthorsfrom misuseof their developmentsiueto thelicensere-
strictionsatthe sametime of full accessAll participantdbenefitirom OpenSourceconcept.Sharing
ideasand knowledgewith an underlyingcommonGIS conceptimprovesflexibility andspeedap
own developmentsThe currentlimitationsof GRASS5.0.0will beaddresseth GRASS5.1.0.

4 References

Bivand,R. S. (2000)- Using the R statisticaldataanalysislanguageon GRASS5.0 GIS database
files. Computerst. Geoscience6, pp.1043-1052

Bivand,R., M. Neteler(2000)— OpenSourcegeocomputationusingthe R dataanalysislanguage
integratedwith GRASSGIS andPostgreSQldatabasesystems.Proc. 5th conferenceon GeoCom-
putation(CDROM), 23-25August2000,University of GreenwichU.K.

http://recl us. nhh. no/ gc00/ gc009. ht m

DongarraJ.J.(1999)- LAPACK numericallibrary,
http://ww. netlib.org/l apack/

Pebesmat.J.,C.G.Wesseling1998)— Gstat:a programfor geostatisticamodelling,predictionand
simulation.Computerst Geoscience¥ol. 24,No. 1, pp. 17-31
http://ww. gstat.org

Imagelinksinc. (2000)—- OpenSourceSoftwarelmageMap (OSSIM),
http://ww. ossi morg/

Neteler M. (ed.) (2000)— GRASS5.0 Programmes Manual. GeographidResource®\nalysisSup-
port System.University of Hannover.
htt p: / / www. geog. uni - hannover . de/ grass/ grassdevel . ht m


http://www.geog.uni-hannover.de/grass/grassdevel.html
http://www.ossim.org/
http://www.gstat.org
http://www.netlib.org/lapack/
http://reclus.nhh.no/gc00/gc009.htm

	Review -- GRASS 5.0.0 Development in 2000
	Improved spatial data exchange
	Source code changes
	Legal issues
	Graphical User Interface/XDRIVER development
	New (Geo)-Statistics Interfaces

	Future Directions - Development in 2001/2002
	GRASS 5.1.0 restricted ``Phase 1''
	GRASS 5.1.0 open "Phase 2"

	Conclusion
	References

