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Preface

Today, FreeandOpenSourceSoftwarehasbecomesynonymouswith innovation andprogress.Free
use,modi�cation, anddistribution of programsandtheir sourcecodeguaranteeduethefreeexchange
of ideasbetweenusersanddevelopersandowing to appropriatelicensing.GRASS(theGeographicRe-
sourcesAnalysisSupportSystem,http://grass.itc.it ) is a freeandopensourceGIS(Geographic
InformationSystem)softwarepackage,integratedwith imageprocessinganddatavisualizationsubsys-
tems.It providesmany modulesfor rasterandvectordatamanipulation,renderingimagesonscreenor
onpaper, multispectralimagegeocodingandprocessing,pointdatamanagementandgeneraldataman-
agement.GRASSprovidesinterfacesto PostgreSQL,MySQL, DBF, andODBC-connecteddatabases.
Further, it canbeconnectedto UMN/Mapserver, R-stats,gstat,Matlab,Octave,Povray andothersoft-
warepackages.

This tutorial gives a compactintroduction to GRASS 6. We intend to illustrate basic function-
ality of the program. For more insight into the software capabilities,seethe referenceslisted in
the bibliography. The datasetsused in the workshopand also this documentare available from
http://mpa.itc.it/markus/mum3/ .
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1 Intr oduction

1.1 New features in GRASS 6

Over the last few yearsa numberof signi�cant improvementshave beenmadeto GRASS.A new
topological2D/3D vectorengineandsupportfor vectornetwork analysiswereadded.Attributesare
now managedin SQL-basedDBMS. TheNVIZ visualizationtool wasenhancedto display3D vector
dataandvoxel volumes. Messagesarepartially internationalized(i18N) with supportfor FreeType
fonts, including multibyte Asian characters.GRASSis integratedwith the GDAL/OGR libraries to
supportanextensive rangeof rasterandvectorformats,includingOGC-conformalSimpleFeatures.A
new displaymanagerandintegrationwith QGIS(http://www.qgis.org ) resultin improvedeaseof
use.

1.2 Downloading the software

GRASSis availablefrom ITC-irst in Italy (http://grass.itc.it ), andfrom numerousmirror sites
(e.g.,http://grass.ibiblio.org ). It canalsobe obtainedon CDROM, aswell ason KNOPPIX
derivatesas“Li veLinux GIS”.

1.3 Availab le documentation and sample data sets

Books,tutorials,manuals,onlinecoursesandfurtherdocumentsarelistedat the“GRASSDocumenta-
tion Project”(http://grass.itc.it/gdp/ ). Sampledatasetsto usein exploring thefunctionalityof
thesystemareavailablefrom therelateddownloadpage(http://grass.itc.it/download/ ) aswell
asfrom theNeteler& Mitasova2004booksupplementWebsite(http://mpa.itc.it/grasstutor/ ).

1.4 Structure of GRASS databases: the “GRASS Project”

GRASS data are storedin a directory referredto as a database(also called “GISDBASE”). This
directoryhasto becreatedwith mkdir or a �le managerbeforestartingto work with GRASS.Within
this database, projectsare organizedby project areasstoredin subdirectoriescalled locations. A
location is de�ned by its coordinatesystem,map projection and geographicalboundaries. The
subdirectoriesand�les de�ning a locationarecreatedautomaticallywhenGRASSis startedthe �rst
timewith anew location.

Each location can have several mapsets. One motivation for maintainingdifferent mapsetsis to
store mapsrelated to speci�c project issuesor subregions. Another motivation is to supportsi-
multaneousaccessby several usersto the map layersstoredwithin the samelocation, i.e. teams
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1.4 Structureof GRASSdatabases:the“GRASSProject”

Figure 1: GRASS6 startupscreen

working on thesameproject. For teamefforts, a centralizedGRASSdatabasewould becreatedon a
network �le system(e.g. NFS). Besidesaccessto his/herown mapset, eachusercanalsoreadmap
layersin otherusers'mapsets, but s/hecanmodify or removeonly themaplayersin his/herown mapset.

Whencreatinga new location, GRASSautomaticallycreatesa specialmapsetcalledPERMANENT
wherethe core datafor the project can be stored. Data in the PERMANENT mapsetcan only be
added,modi�ed or removedby theownerof thePERMANENTmapset, however, they canbeaccessed,
analyzed,andcopiedinto theirown mapsetby theotherusers.ThePERMANENTmapsetis usefulfor
providing generalspatialdata(e.g.anelevationmodel),accessiblebut write-protectedto all userswho
areworking in thesamelocationasthedatabaseowner. To manipulateor adddatato PERMANENT,
theownerwould startGRASSandchoosethe relevant locationandthePERMANENTmapset. This
mapsetalsocontainsthe DEFAULT_WIND �le, which holdsthe default region boundarycoordinate
valuesfor the location(which all userswill inherit whenthey startusingthedatabase).Additionally,
a WIND �le is keptin all mapsetsfor storingthecurrentboundarycoordinatevaluesandthecurrently
selectedrasterresolution.Usershave theoptionof switchingbackto thedefault regionatany time.

1.4.1 Creating a GRASS database

To createanew GRASSdatabase,searchfor directorywhereyouhavewrite access.Thediskpartition
shouldprovideenoughfreediskspaceto holdyourspatialdata.Createasubdirectorywhich represents
the GRASSdatabase(e.g., mkdir /data/grassdata/ or mkdir /home/yourlogin/grassdata/ ).
Thispathhasto beinsertedin the“Database”line of thestartupscreen(see�gure 1).
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1.5 Multiusercapabilitiesfor teams

Figure2: GRASSGISmanagerwith Spear�shdataset

1.4.2 Installing the sample Spear�sh data set

Therearea coupleof sampleGRASSlocationsavailablefor download. In our workshopwe areusing
theSpear�shsampledatasetwhichmustbeextractedin thenew databasedirectory. Thenthedatasetis
readyto use.Beforedoingso,we'll haveaquick look at thegeneralstructureof theprogram.

1.5 Multiuser capabilities for teams

GRASSsupportsteamsby allowing any numberof usersto work in asinglelocation(but with different
mapsets)simultaneously. Userscanonly readmapsfrom othermapsetsif permissionsaregranted,but
cannever write to othermapsets.Mapsfor all groupmembersshouldbestoredin thePERMANENT
mapset.Thissimpleschemepermitseasymanagementof largeGISprojects.

1.6 GRASS basics: command structure and user interface

GRASSis a complete,hybrid, modularly-structuredGIS with rasterandvectorfunctions. EachGIS
functionis managedby its own module.Thus,thesystemis clearlystructuredandappearstransparent.
Anotheradvantageof this modularity is that only necessarymodulesareexecuted,which preserves
systemresources.

Currentlythreegraphicaluserinterfaces(GUI) areavailablein additionto thetraditionalcommandline.
ThedefaultGUI is theGISmanager. ThemapviewerNVIZ includessupportfor raster, vector, volume
display, animations,pro�les andmore(see�gures 2 and3).

An externalproject,theuser-friendly geodataviewer QGIS,providesdirectsupportfor GRASS.From
QGISversion0.7onwardsanextensiveGRASSinterfacewith onscreendigitizerandGISfunctionality
is included.Also includedis anew mapcomposertool for papermapproduction(see�gure 4).

Finally, thereis JAVAGRASS(JGRASS),which is a multi-platform,multi-sessionGRASSframework
(see�gure 5). JGRASSpackagesGRASSto beusedin productionenvironmentsasopposedto research
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1.6 GRASSbasics:commandstructureanduserinterface

Figure 3: GRASSNVIZ viewerwith satellitedata

Figure4: QGISgeodataviewerwith GRASSinterface
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1.6 GRASSbasics:commandstructureanduserinterface

Figure 5: JAVAGRASSinterface

environments. The architectureof JGRASSfollows a client-server model internally, separatingthe
GraphicalUser Interface(GUI) from the spatialprocessingengine. This separationallows the easy
developmentof remoteaccesscapabilities.

GRASSCommandOverview
pre�x function class typeof command example
d.* display graphicaloutput d.rast:views rastermap

d.vect: viewsvectormap
db.* database databasemanagement db.select:selectsvalue(s)fromtable
g.* general general�le operations g.rename:renamesmap
i.* imagery imageprocessing i.smap:imageclassi�er
ps.* postscript mapcreationformat ps.map:mapcreation

in Postscript
r.* raster rasterdataprocessing r.buffer: buffer around raster fea-

tures
r.mapcalc:mapalgebra

r3.* voxel rastervoxel dataprocessing r3.mapcalc:volumemapalgebra
v.* vector vectordataprocessing v.overlay: vectormapintersections

Onlinehelpin aHTML browser:g.manual <command> &

Onlinehelpin MAN format: g.manual -m <command>

In thenext sectionweshow asamplesession.
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Figure 6: Spear�sh,SouthDakota(SD,USA)

2 Benvenuto to GRASS

In thissectionweareworkingwith theSpear�sh60sampledatasetwhichweextractedinto theGRASS
database(seeabove). It is locatedin SouthDakota (SD), USA (see�gure 6). Most of the mapsin
the Spear�sh60datasetweregeneratedin the 1980s,with someupdatesandadditionsover the last
few years. The datasetis comprisedof rasterand vector mapsof two 1:24000USGSquadrangles
(quadrangles“Spear�sh” and“DeadwoodNorth”) andcoversa majorpartof theBlack Hills National
Forest(MountRushmore).

2.1 Launc hing Lin ux, login

Thelaunchof thePCsystemdependson thelocal installation.We'll explain it duringtheworkshop.

2.2 Lin ux intr o in a few min utes

GRASS is a software packagedesignedto run under various UNIX compliant systems,such as
GNU/Linux, SUN-Solaris,Irix, andMacOSX, aswell asunderMS-WindowsNT/2000/XP(currently
with Cygwin). Both 32 bit and64 bit architecturesaresupported.Effective useof GRASStherefore
requirescertain familiarity with UNIX and adequatecomputerhardware. Nowadaysthe usageof
GNU/Linux systemsis ratherstraightforwarddueto thedevelopmentof commongraphicaluserinter-
faces(like theKDE environment),whereyoucanstartprogramsfrom menudrivenGUI environments.
However, it is useful to learnhow to launchcommandsfrom a terminalwindow (commandline), as
this greatlyextendsfunctionality. In particular, userscancombineGRASScommandswith shell and
othersystemcommandsto createpowerful scripts,without having to learnadditionalprogramming
languages.

After openinga terminalwindow youwill seetheprompt,for example,

GRASS6 in anutshell 9



2.3 Samplesession:First steps

Figure 7: GRASS6 startupscreenwith selectionof database,locationandmapset

[yourname@yourmachine]

or somethingsimilar (the appearanceof the promptcanbe customized).Hereyou canenterUNIX
commandsandstartapplications. Within the terminalwindow, the so called “shell” interpretsyour
commands.It receivesthe commandsfrom the keyboardandtransfersthemto the operatingsystem.
Theshellis loadedautomaticallywhenyouopenaterminalwindow. Therearedifferentshellsavailable:
C-shell(csh),bash,andthetcsh.All shellswill accepteverycommand,but they differ in theirbehavior,
for example,how they handlecursorkeysand�le namecompletion.

Automatic�le namecompletionsavesalot of typingbecauseyouonlyneedto inputthe�rst character(s)
of the�le or commandnameandtheshellwill completeit afterpressingtheshell-speci�ccompletion
key. Thenamecompletionkey in tcshis <ESC>(presstwice),in bashit is <TAB>. Previouscommands
canbe selectedandeditedwith <Arrow-up> and<Arrow-down>. Also, you cantransfertext from a
terminalwindow to anotheroneusing“copy-and-paste”functionswith a mouse.Usethe left mouse
button to mark andcopy the text, thendrop it wherever you needit usingthe middle or right mouse
button(paste).

2.3 Sample session: First steps

2.3.1 Star ting GRASS

Dependingon thelocal installationyou canlaunchGRASS6 from eitherthemenuor from a terminal
window entering:

grass60

A graphicaluserinterfaceshouldopenasshown in �gure 7.

Thepathto theDatabasehasto beenteredinto the�rst �eld. If youdon't haveany existingdatabases,
createanew directory(e.g.,grassdata/ ) in yourhomedirectory. For theworkshopadatabasewill be
preparedandindicated.After enteringthedatabaseyou caneitheruseanexisting Location (herewe
use“spear�sh60”)or you cancreatea new location.We select“spear�sh60”andcreatea new Mapset

GRASS6 in anutshell 10



2.3 Samplesession:First steps

Figure8: GISmanager:loadinga rastermap Figure9: GISmanager:loadingavectormap

within theSpear�shlocation,by enteringa new name(e.g.,your login name)at theright of thestartup
screenandthenclicking the “Create”button. Thenameof thenew mapsetwill appearin themiddle
column;selectit andthenenterGRASSby clicking “EnterGRASS”atbottomleft.

Someexplanations:

² A databaseis thecompletepathto theGRASSdatabasewhich containsoneor many locations,
eachwith its own mapsets.

² A locationis thenameof aprojectregion.

² A mapsetis containedwithin thelocationandis usedto organizethemapsin foldersand�les by
project,by subregion,or by whatevernameappearsto besuitable.

2.3.2 Star ting the d.m GIS manager: loading raster and vector maps, map displa y

Thebuilt-in GISmanagershouldopenautomatically. If not,startit with:

d.m &

Theadditional“&” characterlaunchesthecommandin background,sothatyou cancontinueto enter
commandsinto the terminalwindow. Now load the rastermapelevation.dem andthe vectormap
roads asindicatedin �gures 8 and9. In generalyou will selectthemaptype (rasteror vector),then
selectamapfrom thelist, thendisplaythemap.Thereareoptionsto controlthemapdetails.

Mapsaredisplayedin a graphicalmapwindow which is calledthe“GRASSmonitor”. You canopen
severalmonitors,they arenamed“x0” ... “x6”. A specialmonitoris the“PNG” driver whichsendsthe
contentsof themonitorto aPNG�le insteadof displayingthemapson thescreen.
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2.3 Samplesession:First steps

2.3.3 Saving the GIS manager settings

Whenyou needto interruptyour work, you should�rst save all GIS managersettingssothatyou can
pick up whereyou left off later. This is easilydonebygoingto File –> Workspace–> Save as. The
settingsaresavedasa .dm (displaymanager)�le. This �le canbereloadedinto theGIS managerat a
latertime.

2.3.4 Saving current region settings

Sincewe work in a GIS, we may want to save not only maps,but alsospatialsettings. To make a
(zoomed)region easilyaccessible,we cansave the currentspatialextent and rasterresolution. For
example,we canzoominto thepreviously displayedroads andelevation.dem mapby eitherusing
theGIS manageror by typing d.zoom at thecommandline (d.z<tab> shoulddo in a bashshell). The
differentmousebuttonsperformdifferentoperations:

Buttons:

Left: 1. corner(reset)

Middle: 2. corner

Right: Quit

If you have only a two-button mouse,the left and right button pressedtogetheremulatethe middle
button.

Click the left button in themapto zoom. It de�nes the �rst cornerof thebox. You canclick the left
buttonasoftenasyou like to �nd theproper�rst cornerpoint for thezoombox. Thenmove themouse
somedistanceandclick themiddlebuttonto de�ne theoppositecornerof thezoombox. Thiswill zoom
thedisplayedmap(s)to theselectedarea.Now you caneithercontinuelike this,or exit zoommodeby
clicking theright mousebutton.To pan,used.zoom -p instead,themenuwill changeslightly.

To saveacurrentlyzoomedareaasaprede�nedregion,enter:

g.region save=roadmap

Now we want to resetthe Spear�shlocationto its standardsettings,redraw the mapsandthenzoom
into thepreviouslysavedsubregion:

g.region-dp

d.redraw

g.regionregion=roadmap

d.redraw

Themonitorshoulddisplaythezoomedregionagain.

NotethattheQGISbrowsercomeswith anintuitivezoomtool (sowedon't have to explain it here).

2.3.5 NVIZ visualization tool

TheNVIZ visualizationtool is a powerful tool for graphicalexplorationof rasterandvectormapsand
rastervolumes(see�gure 10). It permitsdrapingmapsover elevationmodels,stackingseveralmaps,
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2.3 Samplesession:First steps

Figure 10: NVIZ visualizationtool with Spear�shrasterandvectormaps

generationof pro�les andcreationof map�y-throughs. To try it out, we launchit from thecommand
line (youcanalsousetheGISmanager):

nviz elev=elevation.dem vect=roads

The navigation menushouldbe rather intuitive. The latestNVIZ software supportsdifferent view
modes;someof themaresimilar to a �ight simulatorperspective.

2.3.6 Online help: Help button and g.man ual

How to do this andthat,you ask?Sure,oftenwe just want to look up theparametersyntaxor special
hintsfor acommand.Helpcanbefoundatdifferentlevels:

² LaunchingaGRASScommandwithoutparameters(in mostcases)opensagraphicalwindow:

<command> e.g.,d.rast

At thebottomaHELPbuttonis provided.

² To seeavailable�ags andparametersof aGRASScommand:

<command> -help e.g.,d.rast -help

² To view themanualpagefor acommandin awebbrowser:

g.manual <command> e.g.,g.manual d.rast

² To view themanualpagefor acommandin MAN style:

g.manual -m <command> e.g.,g.manual -m d.rast

GRASS6 in anutshell 13



2.3 Samplesession:First steps

Figure 11: QGISgeodataviewerwith GRASSinterface:Spear�shdata

2.3.7 Using the command line

... you have alreadyusedit: Using GRASSon the commandline meansenteringa commandwith
its �ags andparameters.Usingshellcommands,powerful scriptscanbecreated.You mayremember
the �le/command namecompletionwhich was mentionedearlier. It greatly enhancesthe speedof
constructingcommands! Additionally you can scroll up/down to re-useprevious commands.Here
someimportantcommands:

² to openamonitor: d.mon x0

² to closeamonitor: d.mon stop=x0 (note:youcanalsosimplyclosethewindow by clicking)

² to list availablevectormaps: g.list type=vect

² to list availablerastermaps: g.list type=rast

Alter nategraphical user interface: QGIS

So far we have seen“pure” GRASS.But thereis moreto explore: QuantumGIS (QGIS). This is a
stand-alonegeodatabrowserwith increasingGIS functionality. It is well interfacednow with GRASS.
To launchit, justenterwithin (or without)aGRASSsession:

qgis

GRASS6 in anutshell 14



2.3 Samplesession:First steps

2.3.8 QGIS: Viewing GRASS maps, adding legends, labels and more

Now we will load someGRASSmapsinto QGIS.We load the vectormaps“roads” and“�elds” and
therastermap“elevation.dem”.Try to replicatetheview asshown in the�gure 11. If you additionally
loadthe“aspect”rastermap,youcanusethetransparency sliderto visuallymergetheelevationmodel
with shadesfrom theaspectmapto generateashadedelevationmap.Theslideris foundwhenclicking
with theright mousebuttoninto thelegend.Hereyou canalsode�ne vectorlegends,labelsandmore.
Thestackingorderin thelegendde�neshow themapsaredisplayed.

2.3.9 QGIS: Viewing external vector and raster GIS maps (SHAPE, GeoTIFF etc)

SinceQGIS is a stand-aloneGIS viewer, we canalso load externalGIS mapssuchasSHAPE�les,
GeoTIFFor ERDAS/Img�les. They smoothlyintegratewith theGRASSdataif theprojectionsmatch.
FromQGIS0.7onwardsvectorreprojectionon the�y will besupported,simplifying again theintegra-
tion of heterogeneousdatasources.

Add someTIGER 2000SHAPEmapsandLANDSAT-7 GeoTIFFmapsto your QGIS view. These
�les are available for the workshop, they are alreadyreprojectedfrom the original projectionsto
UTM13/NAD27.

2.3.10 QGIS: Viewing PostGIS maps

If QGISwasinstalledwith PostGISsupport,wecandirectly loadmapsfrom aPostGISdatabaseusing
theAddPostGISlayer button. PostGISis a spatialextensionfor PostgreSQLto storespatial(vector)
objects.

If PostGISis available,a connectioncanbe de�ned with db.connect (seethe relatedmanualpage)
andthenanexistingGRASSmapcopiedinto PostGISwith g.copy .

2.3.11 Creating paper maps with QGIS

Clicking theprinter buttonbringsyouto themapcomposertool whichpermitscreationof amaplayout
for printing. Figure12showsthemapcomposerwindow. UsingtheAddnew mapbuttonyoucaninsert
themainview into themapcomposertool. Also adda title, a vectorlegendanda scale.Notethat the
Refreshview buttonupdatesthemapcomposercontentsfrom themainview into thecomposer. This is
convenientif youdecideto modify themapagainbefore�nalizing it. Mapscanbeprinted,exportedas
EPS,SVG or high resolutionPNG�les.

2.3.12 QGIS: Expor t to Mapser ver map�le

A specialfeatureof QGIS is the export of a currentview into a UMN/Mapserver map�le. You �rst
constructtheview with all vectorlegends,transparency etc.,thenfrom themainmenuselect:FILE –>
ExportMapserver �le. It evenincludesthepathsto GRASSmaps.
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Figure 12: QGIS:Mapcomposertool

2.3.13 Closing the GRASS session

Now we closeour quick-tourthroughGRASSandQGIS.First closetheQGISwindow, thentheGIS
manager. Finally, in thecommandline terminal,enter:

exit

to leaveGRASS.Themonitor(s)areclosedautomatically.

3 Working with own data - Impor t/Expor t/Creating Locations

3.1 Impor t of GIS data

To betterillustratedaily GIS life, we will show how to import a coupleof differentGIS �les. A setof
mapshasbeenpreparedfor theworkshopusingdatafrom theSpear�sharea.

3.1.1 Star ting GRASS with Spear�sh

To startGRASSwith Spear�sh,type

grass60

At thedataselectionscreen,select“spear�sh60”from theleft andyourmapsetfrom themiddlecolumn
(seesection2.3.1if youhaven't createdthismapsetyet). Thenclick “EnterGRASS”.
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3.1 Importof GISdata

3.1.2 Impor ting vector ESRI SHAPE �les (TIGER 2000)

SelectedTIGER 2000shape�leshave beenpreparedfor theworkshop(package:tiger2000_latlong_-
nad83.tar.gz).

TheseSHAPE�les areoriginally formattedasLatitude-Longitude/NAD83 (degree;EPSGcode4269).
Beforeimporting theminto theSpear�shlocation,we have to reprojectthemapsto UTM in orderto
matchtheGRASSSpear�shsampledatasetde�nitions (UTM zone13N,NAD27/Clarke66;EPSGcode
26713).

This canbeef�ciently donewith theogr2ogr tool. As theoriginal �les arelackinga .prj �le, which
carriesthe projectioninformation,we assignit on the �y usingthe '-s_srs' (sourcespatialreference
system)parameter. ThetargetSRSis de�nedwith '-t_srs'. To simplify thede�nition of theprojections,
weuseEPSGcodenumberswhichareinternallyexpandedto thefull de�nition. Theorderof command-
line �le speci�cationis (maybesurprisingly)<output><input>:

ogr2ogr -s_srs "+init=epsg:4269" -t_srs "+init=epsg:26713" n

tgr46081lkA_UTM13_nad27.shp tgr46081lkA.shp

This stepmustbedonefor all LatLongTIGER 2000SHAPE�les. You canalsoskip this step,aswe
have preparedthepackagetiger2000_UTM13_nad27.tar.gz,which canbeuseddirectly. Theincluded
readme.html �le explainsthelayernamesandacronyms.

Vectordataareimportedby usingv.in.ogr , many formatsareaccepted.SHAPE�les arenot stored
in a topologicalformat.Themodulev.in.ogr containsaninternal“topologyengine”which �x esa lot
of commonSHAPE�le problemsduringimportandgeneratestopologicalinformation.

Now wecanimport thereprojectedTIGERSHAPE�les (shown hereusingthecommandline, youcan
alsousethemouseby startingthecommandwithout parameters).We import theroadsmap(lkA) and
thehydrography (lkH):

v.in.ogr tgr46081lkA_UTM13_nad27.shp out=tgr2000_roads

v.in.ogr tgr46081lkH_UTM13_nad27.shp out=tgr2000_hydro

d.vect tgr2000_roads col=grey

d.vect tgr2000_hydro col=aqua

To display, you caneitherselecttheimportedmapsin theGIS manager, usethecommandline or start
qgis andselectthemapsthere(usingtheAddGRASSvectormapbutton).

Note: If the projectioninformationis missingin the �le (andyou aresurethat it correspondsto the
projectionof theGRASSlocation),youcanusethe'-o' �ag to overridetheprojectiontest.

3.1.3 Impor ting raster Erdas/IMG �les (LANDSAT-7)

For theSpear�shareaaLANDSAT scenehasbeenprepared.It is alreadyreprojectedto UTM/NAD27
andsubsetto minimizethedatasize.Thesceneis split into three�les (NIR: nearinfrared,MIR: middle
infrared,TIR: thermal):
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3.1 Importof GISdata

² spear�sh_landsat7_NAD27_vis_ir.img: TM10,TM20,TM30 (blue, green, red), TM40 (NIR),
TM50, TM70 (MIR)

² spear�sh_landsat7_NAD27_tir.img: TM62 (TIR low gain),TM62 (TIR highgain)

² spear�sh_landsat7_NAD27_pan.img:TM80 (panchromatic)

In orderto import rasterdatato GRASS,user.in.gdal (theoutputparameterfor multichanneldatais
usedasapre�x):

r.in.gdal -e in=<image.img> out=<image>

Themoduleveri�es thattheprojectionof thedatasetmatchesthatof thelocation.If theprojectionsdo
not match,an error is issued.Sometimessuchde�nition is not presentin the dataset;if you aresure
that it matchesthe locationde�nition, the '-o' �ag canbeusedto overridethe test. The '-e' �ag can
beusedto expandtheextentof thelocationto matchthatof thedataset.However, themapis imported
completelyin any case.For ourSpear�shexamplewedo:

r.in.gdal -e in=spearfish_landsat7_NAD27_vis_ir.img out=tm

g.rename rast=tm.6,tm.7

r.in.gdal -e in=spearfish_landsat7_NAD27_tir.img out=tm6

r.in.gdal -e in=spearfish_landsat7_NAD27_pan.img out=pan

To keepthenumberingright, we renametm.6to thecorrectnumbertm.7.

To look at themultichannelmaps,wecangenerateaRGBcompositeon the�y:

g.region rast=tm.1 -p

d.rgb b=tm.1 g=tm.2 r=tm.3

YoushouldseetheSpear�shareain near-naturalcolors.

3.1.4 Impor ting Raster GeoTIFF �les

Datain theTIFF image�les areeitherin GeoTIFFformat (a single�le which carriesthemetadataas
TIFF Tags)or consistof two �les, a plain TIFF �le map.tif andanASCII �le map.tfw . A TFW, or
world �le, is a separateASCII �le containingthe real-world transformationinformationusedby the
displaysoftware.World �les canbecreatedwith any editorandalsoby GDAL. Make sureto getboth
�les whennotreceiving GeoTIFFformat.TheTIFF formatitself comesin severalvarieties,all of which
areacceptedby GRASS.ThesameLANDSAT-7 postprocessedscenewe usedabove in ERDAS/Img
format is also available as a GeoTIFF�le (.tif extension). Use r.in.gdal just as you did with the
ERDAS/ImgLANDSAT-7 �les:

r.in.gdal -e in=<map.tif> out=<map>

3.1.5 Creating new GRASS locations from datasets

Both v.in.ogr and r.in.gdal have a ' location' parameterwhich can be usedto generatea new
GRASSlocation(including import of thedataset)from within anexisting location. This greatlysim-
pli�es the procedure.Note that the datasetmust includeprojectionde�nitions. If lacking, ogr2ogr
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3.2 Creatinganew location

or gdal_translate canbeusedto assignthemissingprojectionde�nition beforehandto thedataset
('-a_srs' parameter).

3.1.6 So many GIS formats....

To giveyouanoverview, therearenumerousformatssupportedby GRASSGIS.

Rasterformats:

² r.in.gdal : ArcInfo, CEOS,DOQ,DTED, ENVI, Envisat,ErdasImg/LAN, FAST, (Geo)TIFF,
HDF4,SAR,SDTS,...

² r.in.bin : Binary, BIL, GMT �les

² r.in.mat : MatLab�les

² r.in.srtm : SRTM 1 degreetiles

Vectorformats:

² v.in.ogr : SHAPE,GML, UK.NTF, SDTS,TIGER, MapInfo-File, DGN, VRT, ODBC, Post-
GIS,ArcCover

² v.in.ascii : GRASSASCII

² v.in.e00 : ArcInfo E00Format

² v.in.db : Createvectorsfrom databasewith x, y[, z] coordinates

Likewise,therearealsoexportmodulesto write variousformats(r.out.gdal andv.out.ogr ).

3.1.7 Closing Your GRASS Session

In thecommandline terminal,enter:

exit

to leaveGRASS.Thedisplaymanagermustbeclosedby you; themonitor(s)areclosedautomatically.

Sofar youhaveseenaGRASSsamplesessionwith QGISadd-onandanimportdatasession.

3.2 Creating a new location

3.2.1 De�ning a new location interactivel y

Sometimesconsidereda tricky process,we'll next learn to createour own GRASSlocationsfrom
scratch.Remember, you cangeneratenew locationsfrom existing datasetsautomatically(seeabove).
But it can be useful to know how to do it interactively. A major differencebetweenGRASSand
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3.2 Creatinganew location

otherGIS is thatGRASSwantstheprojectionde�nitions beforetheusercanwork in a location. The
advantageis thatthingsarewell de�ned andamessof projectionmixturesis avoided.

First youstartGRASS:

grass60

Thewelcomescreenshows a coupleof buttons.Click on theCreateNew Locationbutton,which will
take you to a text screen(somedaytherewill bea graphicalinterfacefor this). In this screenyou enter
a new locationname(not containingwhitespace),andthencontinueby pressing“ESC”-“RETURN” -
i.e. press(NOT hold) theESCkey, andthenpresstheRETURNkey onyourkeyboard.

Below weoutlinethegeneralprocedure:

You will needto assignparametersto the locationsuchasthecoordinatesystemanddatumyou want
to use,theprojectarea'sboundarycoordinates,andthedefault resolutionfor rasterdata:

² Projection: Start by chosingbetween,X,Y, Latitude-Longitude,UTM, or "other" coordinate
system.Thischoicedependsonyourdataandtheuseyouwill makeof it.

² Description: You are then promptedfor a single line of text describingthe project area,for
example“TopoMapof theAlps”.

² Projection details: Next you areasked for somemoreinformationaboutthe projection. Note
thatthepromptsvary from projectionto projection;anexamplefollows:

– (if you chose“D - OtherProjection”)specifyprojection name: “list” givesyou thelist of
all availableprojections,examplesare“tmerc” for TransverseMercator, “lcc” for Lambert
ConformalConic,“moll” for Mollweide,etc.

– specify datum name: again use “list” to get a list of available datums,examplesare
“wgs84”, “nad27”,“eur79”, etc.

– Enter Central Parallel: 0 if youwanttheEquatorasthecentralparallel

– Enter Central Meridian : 0 if youwanttheGreenwichmeridianascentralmeridian

– Enter ScaleFactor at theCentralMeridian:1.0or 0.9996or ...

– Enter plural form of map units: for example,meters

² Ar ea boundary coordinates: The next stepis the descriptionof the project area's boundary
coordinatesandthede�nition of thedefault rasterresolution:

– The default raster resolution(GRID RESOLUTION)hasto bechosenaccordingto your
needs.Generally, it is advisableto work in stepsof 0.25(0.25,0.5,1.75,2.00,12.25etc.).
This resolutiondoesnot concernvector and point datasincetheseare storedwith their
exactcoordinatevalues.Note thatevery rastermapmayhave its own resolution.You can
leave thisscreenwith “ESC”-“RETURN” andthenif everythingis correctacceptthelist of
parametersthatappears.
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Figure 13: GRASSstartupscreen:Creatinglocationsfrom EPSGcode

² You will thenbe taken backto the startupscreento enter the mapset's name (if not already
entered).Another“ESC”-“RETURN” will �nally let you leave this screen.This mapsetis cre-
atedwithin thenew locationby answering“yes” to thenext question.Themapsetwill usethe
parametersof thelocation(suchastheregionandresolutionde�nitions) asits defaultparameters.

Now the projectarea,i.e. the location including a mapset,hasbeencreated.You have “arrived” in
theGRASSsystemandcanstartworking within this new location.Now you canverify theprojection
settingswith:

g.proj -w

If you readthis sectionwithout actuallyde�ning a new location,you may try this commandin the
Spear�shlocation.

3.2.2 Creating your own location from EPSG code

As analternative, to createyour own locationin anquick andeasyway, you canusetheEPSGprojec-
tion codes.Projectionsandnationalgrid systemshave beenstandardizedby theEuropeanPetroleum
Survey Group(EPSG,http://www.epsg.org ), giving anuniqueID codeto eachreferencesystem.In
GRASS,they arebasedon thePROJ4installationwhichprovidesanEPSGcodetable.Clicking on the
button“Createlocationfrom EPSG”bringsyou to a new window (see�gure 13). Youwill entera new
locationnameandtheEPSGcodenumber. If youdon't know theEPSGcode,youcanmakeuseof the
buttonthat lists thePROJ4-EPSG�le. Be warnedthatsometimesgeodeticdatumde�nitions aremiss-
ing here.They canbeaddedlaterwithin theGRASSsystem,or youareaskedin anadditionalwindow
to selecta datumfrom theavailablelist. After enteringthenecessaryinformation,click on “OK”. This
will generateanew GRASSlocation.After thatGRASSclosesitself, andyouhaveto restartit to select
the newly createdlocation. Selectthe locationandmapset,thenclick the “Enter GRASS” button to
launchthesystem.

4 Raster map analysis

GRASSis traditionallyknown for its powerful rasterprocessingcapabilities.All classicalfunctionality
plus time seriesdataprocessingandmodelsareavailable. While imageprocessingcommandnames
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4.1 Digital elevationmodel(DEM) analysis

differ in the �rst character(i.* insteadof r.*), they are generallyfully integrated. Any imagemap
(from anaerialcameraor satellite)canbeusedasa normalrastermap.Additional supportis available
to handlemultispectralmaps. More sophisticatedmethodssuchasorthophotogenerationandimage
classi�cationareimplementedaswell.

GRASSsupportspixelwiseoperationson rastermapsaswell asfocal (neighborhood)andglobal (full
map)calculations.Alsobuffers,watersheds,�o w lines,slope,aspectandcurvaturemapscanbecreated,
andrasteralgebracanbeperformed.

To start,wewantto look at themetadataof a rastermap;enter:

r.info <map> e.g.,r.info elevation.10m

4.1 Digital elevation model (DEM) analysis

We can calculateslopeand aspectfrom a DEM with r.slope.aspect . First we resetthe current
GRASSregionsettingsto thoseof theinputmap:

g.region rast=elevation.dem -p

r.slope.aspect el=elevation.dem as=aspect_30m sl=slope_30m

d.rast aspect_30m

d.rast.leg slope_30m

Both mapsarecalculatedin onestep.Note thathorizontalanglesarecountedcounterclockwisefrom
theEast.Slopesarecalculatedby default in degrees.Thed.rast.leg commandaddsa simplelegend
to themonitor.

Thereareadditionalmoduleswhichwork with DEMs: depressionareascanbe�lled with r.fill.dir ,
and �o wlines calculatedwith r.flow . Watershedanalysiscan be donewith r.watershed and, on
massivegrids,with r.terraflow .

4.2 Raster map algebra

GRASSprovidesthevery powerful mapcalculatorr.mapcalc . This moduleis bestusedon thecom-
mandline asthereyouhave �e xible cursorsupportprovidedby theshell. It operatescell by cell, using
a moving window technology. To startwith somesimpleoperations,we �lter all pixelswith elevation
higherthan1000mfrom theSpear�shDEM:

r.mapcalc "elev_1500 = if(elevation.dem > 1500.0, n

elevation.dem, null())"

d.rast elev_1500

The command,embeddedin doublequotes,containsan “if ” statement(if higher than1500m)with
a “then” option (copy the pixel values)and an “else” option (write No Data if the condition is not
satis�ed). The null() function is a reserved word which insertsa No Data valuefor the actualraster
cell beingprocessed.Therearea coupleof further functionsavailablesuchasmean(),min(), max(),
sin(), cos()etc. Themapcalculatorcanacceptmorethanoneinput map. New mapscanbegenerated
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4.3 Geocodingascannedmap(4 cornerpoints):Topographicmap1:24000

from calculationsperformedon a setof input maps.Additionally adjacentvaluescanbe considered,
e.g.to generate�o w througha landscape.Pleasereferto themanualpageor thebooksindicatedin the
bibliography for furtherfunctionsandexamples.

4.3 Geocoding a scanned map (4 corner points): Topographic map 1:24000

GRASScanbeusedto geocodeunreferenced(e.g.,scanned)mapsby de�ning groundcontrolpoints.
Sucha scannedmap shouldbe imported into a XY location without projection information. This
locationcanbe automaticallycreatedwhenusingthe r.in.gdal commandwithin anotherlocation.
Using the “location” parameterthecommandwill not only import themap,but alsowrite it to a new
location(seesection3.1.5). ThenGRASSmustberestartedwith thenew XY locationcontainingthe
scannedmap.Wenow quickly outlinetheprocedurewithoutgoinginto toomany details:

² Thescannedmaphasto beinsertedinto animagegroup(i.group ; evenif it is justasinglemap).

² Thegroupis targetedto a referencelocation(i.target ).

² The useropensa GRASSmonitor andgraphicallyplacescorrespondinggroundcontrol points
(i.points or i.vpoints ). The unreferencedmapis loadedinto the left sideof the graphical
display, andthe referencemapis loadedinto the right side. For an internally undistortedmap
four cornerpointsshouldsuf�ce.

² Theungeocodedmapis recti�ed into thereferencelocation(i.rectify ). Thepolynomialorder
for a4-pointrecti�cation is 1.

Oncetherecti�cation is done,GRASShasto beleft andrestartedwith thereferencelocation.Now the
resultcanbevalidated.

4.4 Volume data processing and visualization (demo)

A recentenhancementto GRASSis the capability to processrastervolumes(voxels). This can be
usedto describesoil dataor atmosphericdatawithout the constraintsof 2D maps. GRASSprovides
3D splineinterpolationand3D mapalgebraasanalyticaltools. NVIZ wasrecentlyenhancedto dis-
play volumes(e.g., isosurfaces,see�gure 14). We will show examplesduring the workshop. The
Slovakia samplelocation is available from the Neteler& Mitasova 2004book supplementWeb site
(http://mpa.itc.it/grasstutor/ , see2nd editiondatasets).

5 Image processing

5.1 Image classi�cation

In imageclassi�cationwe generatea thematicmapfrom a (setof) input channel(s).Theseinput maps
areusuallyaerialor satellitedata.Multispectraldatacanbeconsideredasa stackof rastermapswith
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5.1 Imageclassi�cation

Figure 14: NVIZ volumevisualizationof Slovakiarainfall data

identicalspatialreference.During the imageclassi�cationprocedurethespectralresponseof objects
is analysedandassignedto classes.The resultingmapcontainsa setof classeswhich may represent
landuseandlandcover.

GRASSsupportsmultiple channels,they canbegroupedtogetherwith i.group . Theneitheranauto-
matedstatisticalanalysisis doneon the input channels(unsupervisedclassi�cation)or training areas
have to be digitized by the userto de�ne known landuse/landcover areas(supervisedclassi�cation).
GRASSthenderivesspectralsignaturesfor thedesiredclassesandrunsthe�nal analysison all pixels
of all input channels,assigningeachpixel to a class. In the caseof unsupervisedclassi�cation the
classesarejust numbered,in thecaseof supervisedclassi�cationthey correspondto thenamesof the
trainingareas.

While themoresophisticatedsupervisedclassi�cationis explainedin theliterature,we will show here
asimpleunsupervisedclassi�cationhere(MaximumLikelihoodalgorithm):

i.group group=lsat subgroup=lsat in=tm.1,tm.2,tm.3,tm.4,tm.5,tm.7

i.cluster group=lsat subgroup=lsat sig=sig.cluster n

classes=15 sep=1.5
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5.2 ImageFusion:LANDSAT-7 – Brovey transform

Figure 15: NVIZ showing aLANDSAT-7 Brovey fusioncomposite

i.maxlik group=lsat subgroup=lsat sig=sig.cluster n

class=tm.class rej=tm.class.rej

d.rast.leg tm.class

d.rast.leg tm.class.rej

Thetm.classmapholdstheresult,thetm.class.rej mapthecon�dencelevel for eachpixel.

5.2 Image Fusion: LANDSAT-7 – Brovey transf orm

An illustrativeexampleof visually improving aLANDSAT-7 scenecanbedonewith theBrovey trans-
formation.Herethreemultispectralchannels(28.5mres.)andthepanchromaticchannel(14.25mres.)
are merged in this processto threenew Red, Green,Blue channels. After importing the prepared
LANDSAT-7 subscenefor Spear�shwerun:

i.fusion.brovey -l ms1=tm.2 ms2=tm.4 ms3=tm.5 pan=pan out=brovey

g.region -p rast=brovey.red

r.composite r=brovey.red g=brovey.green b=brovey.blue n

out=tm.brovey

d.rast tm.brovey

The input channelshave to be2, 4, 5 andthepanchromaticchanneland�ag '-l' for theLANDSAT-7
sensor. Thenwe set the GRASSregion settingsto oneof the resultinghigh resolutionchannelsand
createa new mapfrom the threenew R, G, B Brovey channels.We candisplay this mapusingthe
GIS manageror QGIS. Comparingto tm.4 or other channelsyou can observe the improved spatial
resolution.
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We canalsodrapethe resultof the imagefusion over the high resolutionDEM with NVIZ (see�g-
ure15):

nviz elevation.10m col=tm.brovey

6 Working with vector data

GRASS6 comeswith a completelyoverhauledvectorenginewhich is extendedto manage2D and3D
topologicalvectordata.Thenew internalvectordataformat is now portablebetween32bit and64bit
platforms. In addition,a new spatialindexing systemacceleratesvectordataaccessanda category
indexing systemacceleratesattribute queries. Vectordatafrom otherGIS softwarecanbe imported
(allowing for topologicaldataclean-up)aswell aslive-linkedinto theGRASSdatabaseasvirtual maps.
Thenew integratedDirectedGraphLibrary providessupportfor vectornetwork analysis.Vectormap
overlays,intersectionsandextractionof featuresareimplemented.Thenew vectorengineincludesfull
and�e xible integrationof databasemanagementsystems(DBMS) for attributemanagement(currently
DBF, PostgreSQL,mySQL,andODBC aresupported).SQL statementsareusedto manageattributes.
Graphicalupdatingof vectorattributeshasbeenimplementedaswell in the interactive vectorquery
tool.

In thissectionwewill explorebasicvectorfunctionality.

Supportedgeometrytypesare point, centroid,line, boundary, area(boundary+ centroid),face(3D
area),kernel(3D centroid),andvolumes(faces+ kernel).Geometrystorageis true3D: x, y, z with z=0
in the2D case.

6.1 Vector map impor t

Vectormapscanbe importedfrom varioussourcessuchasArcInfo-Coverages,CSV, DGN, SHAPE
�les, GML, MapInfo, MySQL, ODBC, OGDI, PostgreSQL/PostGIS,S57,SDTS,TIGER, UK .NTF,
andVRT. The modulefor importing vectormapsis v.in.ogr . The input “dsn” (datasourcename)
parametercanbea �le, adirectoryor adatabaseconnection,dependingonthedataformat.As GRASS
is a topologicalGIS, non-topologicalSimpleFeaturedatasuchasSHAPE�les aretransformedinto a
topologicalrepresentationuponimport. Dataquality is veri�ed duringthe import, andvectorfeatures
whichviolatetopologicalconditionsarestoredin aseparatelayerfor laterinspection.For moredetails
pleasereferto themanualpageof v.in.ogr .

As an example,we import a SHAPE �le map generatedfrom TIGER 2000 datainto the Spear�sh
locationandlook at it:

v.in.ogr dsn=tiger_lines.shp out=tiger_lines

d.vect tiger_lines

Mapscanalsobesimply registeredusingv.external . In this caseonly pseudo-topologyis generated
andthemapis read-only(sonomodi�cationscanbedone).
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6.2 Attributemanagement

6.2 Attrib ute management

By defaultGRASS6 managesvectorattributesin dBase(xBase)�les. To addor removealink between
a vectormapandits attribute table(s),thecommandv.db.connect is used.It alsoprints thecurrent
connection(s).We look at two maps:

v.db.connect -p roads

v.db.connect -p streams

While theroadsmapis linkedto anattributetable,thestreamsmaplacksit.

Whenusinganexternaldatabase,themoduledb.connect is usedto de�ne theconnectionparameters,
thendb.login to entertheusernameandthepassword. This is necessaryfor PostgreSQLandPostGIS
connectionsandfor connectionsto someotherdatabases.

A setof db.* modulesareavailableto list tablenames,columnnamesandtypes,to make SQL queries
andto createor altertablede�nitions. Wecanquerytheattributesof theroadsmap:

echo "SELECT * FROMroads" | db.select

This works for any table dependingon how GRASS is connectedto a (external) database(see
db.connect ). A moreconvenientway to queryassociatedtablesis to usev.db.select . For example,
wecanlist theattributesof theroadsmapwith:

v.db.select roads

A reportcontainingareasizesor line lengthsis generatedwith v.report .

6.3 Buff ering

Buffering canbedonefor vectormapsusingthev.buffer command.Herewe show how to generate
buffersaroundthearchaeologicalsitesin theSpear�shlocationfor 300meters:

d.vect archsites

v.buffer archsites out=archsites_buf300 buffer=300

d.vect archsites_buf300 col=red

To generatehalf-buffersfor lines,onecanusev.parallel . It addsa single,parallelline to eitherthe
left or theright side.

6.4 Extractions

Vectorfeaturescanbeextractedin differentwaysfrom amap:They canbeselectedby ID (called“cat”
or “categorynumber”in GRASSlanguage),by attributevaluevia “where” SQLclausesor by geometry
type (point, line, etc). As an examplewe canextract the interstatesfrom the roadsmapby attribute.
First we displaytheattributetableto seehow it is written andhow thecolumnto bequeriedis named,
thenweextractthevectorlinesinto anew map:

d.erase

d.vect roads
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6.5 Selecting,clipping,unions,intersections

v.db.select roads

v.info -c roads

v.extract roads out=interstates where="label='interstate'"

d.erase

d.vect interstates

6.5 Selecting, clipping, unions, inter sections

For our clipping examplewe import the TIGER 2000 urbanareas(again within the map package
tiger2000_UTM13_nad27.tar.gzfor theSpear�sharea):

v.in.ogr dsn=UA_46081_UTM13_nad27.shp out=urban_areas

d.vect urban_areas

We want to extractall roadswhich arewithin theurbanareas.For this we usev.select andspecify
theurbanareapolygonmapandtheroadsline mapasparameters(ainputandbinput):

v.select ain=roads bin=urban_areas out=urban_roads

d.vect urban_roads col=red

As a secondexamplewe want to clip theuni�ed schooldistrictsfrom TIGER2000to theurbanareas
whichwe�rst import. In thiscasewehaveto useadifferentcommandwhichpermitsusto usepolygon
mapsasinput:

v.in.ogr dsn=tgr46081uni_UTM13_nad27.shp out=school_dist_unified

v.overlay ain=urban_areas bin=school_dist_unified n

out=urban_school_dist op=and

d.vect urban_school_dist fcol=yellow

To verify, wecanquerythenewly createdmap:

d.what.vect urban_school_dist

Therearefurthermethodsimplementedin thesetwo commands,seethemanualpagesfor details.

To extractdatafrom asinglemapaccordingto IDs or basedonaSQLstatement,usev.extract .

6.6 Conversion raster -vector and vice versa

GRASSis ableto convert betweenrasterandvectormodels(maprepresentations),includingattribute
transfer. To convert vectormapsto rastermaps,usev.to.rast . It caneitherassign�x edvaluesto the
resultingmap(usefulwhengeneratinga rasterMASK) or transfertheattributesof aspeci�edcolumn.

Themoduler.to.vect doestheopposite,it vectorizesrasterpoints,linesandareas.While pointscan
bevectorizedstraightaway, lineshave to bethinned(skeletonized)with r.thin beforehand.
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6.7 Digitizing in GRASS

Figure 16: GRASSdigitizer: v.digit

6.7 Digitizing in GRASS

The GRASSdigitizing tool is v.digit . It hasrecentlybeencompletelyrewritten and is now fully
graphicallybased.Thebuttonsshouldbeself-explanatory. To startwith a new map,the '-n' �ag has
to be added(or the button activatedin the menu). Then, in the settingsmenu,a new attribute table
canbede�ned, alongwith thesnappingdistance.A backgroundmapcanoptionallybeloadedprior to
beginningdigitizing. Areas(currently)have to bedigitized in two parts. Closedareasbecomegreen,
while topologicallyinvalid featuresremainred. In this casezoomingis recommendedto identify the
error. Oncea featureis digitized, a window popsup so that you canenterattributesfor this feature.
Figure16 illustratesthesetup.

6.8 Digitizing in QGIS

An interestingalternative is to usethe digitizer within QGIS.To do so, �rst an emptymaphasto be
created:

v.in.ascii -e out=newmap

ThenlaunchQGISwithin theGRASSterminalandloadthis new or anexisting mapinto QGISusing
theVector/GRASSicon.

6.9 Working with vector geometr y

In GRASSan areapolygon is de�ned by a boundary+ a centroid. Lines canbe a (poly-)line or a
boundary.

Varioustoolsareprovidedto reportonor to manipulatevectorgeometry:
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Figure 17: Native directionsin GRASSvectordatausedfor network analysis

² v.build : generatetopology(automaticallydone),write erraticvectorsto a new error mapfor
laterinspection

² v.build.polylines : makepolylinesof connectedvectorlines

² v.category : reportvectorIDs (called“categories”or “cats” in GRASS),automaticallyassign
new catsto vectors,addmissingcentroids

² v.clean : cleanstopologicalproblems,snapnodes,remove dangles,smallareas,eliminatesliv-
ers,pruneetc.

² v.to.db : reportareasideIDs of boundaries(left, right)

² v.type : convert vectorgeometrytypes(point vs. centroid;3D point vs. kernel(3D centroid);
line vs. boundary;3D areavs. face)

² d.vect : displaydirectionsof vectorlines(indicatedby smallarrow, see�gure 17)

7 Vector netw orking

A new setof GRASSmodulessupportsoperationsperformedonvectornetworks.Default calculations
arebasedon vectorlengths.But it is possibleto assigncostattributesto nodesandfor two directions
of eachvectorline (e.g.,to simulatetraf�c �o ws).

7.1 Shor test path analysis

The connectionbetweentwo positionson a vectornetwork canbe graphicallyanalyzedwith d.path.
ThemoduleneedsanopenGRASSmonitor. If no attributesarespeci�ed,only thevectorline lengths
aretakeninto consideration.Wecanexperimentwith theroadsmap:

d.path roads
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7.2 Furthernetwork analysistools

Figure 18: Shortestpathcalculations

Themousebuttonshave to beused,they areexplainedin theterminalwindow. Thecalculatedshortest
pathis immediatelyhighlightedin theGRASSmonitor (see�gure 18). To save sucha shortestpath,
thev.net.pathmodulehasto beusedinstead.

7.2 Fur ther netw ork analysis tools

Thefollowing methodsof vectornetwork analysisarecurrentlyimplementedin GRASS:

² v.net.path : shortestpath(connectionbetweentwo positions),

² v.net.salesman : travelingsalesman(roundtrip),

² v.net.alloc : allocationof resources(createsubnetworks,e.g.�re brigade),

² v.net.steiner : minimumSteinertrees(star-likeconnections,e.g.broadbandcable)

² v.net.iso : iso-distances(from centers),

² v.net : network maintenance.
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8 GRASS and R-stats interface

The interface betweenGRASS and R statistical language(R) is currently undergoing signi�cant
changes(Bivand, 2005). The new design is embeddedin the new efforts to develop coherent
spatial classesfor R. The basic website for the new GRASS interface is hostedat SourceForge
(http://r- spatial.sourceforge.net ). The new packageis named“spgrass6”.The basicspatial
objectclassesaremaintainedin the“sp” package.Theadditional“spGDAL” classis awrapperfor func-
tionsin the“rgdal” package,which interfacesto theGDAL library. Anotherpackageis “spmaptools”,
which is aninterfaceto theSHAPElibrary.

8.1 Installation of the related R packages

Installationis doneasfollows (R-stats2.1.0or lateris needed):

R
> install.packages(c("sp", "rgdal", "maptools"), dependencies=TRUE)
> rS <- "http://r-spatial.sourceforge.net/R"
> install.packages(c("spgrass6", "spGDAL", "spmaptools"),

repos=rS, dependencies=TRUE)
> q()

8.2 R-stats/GRASS sample session

To geta feelinghow theR-statslanguageworks,westartGRASS/Spear�shfor oursamplesessionand
resetGRASSto defaultsettings,thenwelaunchR within theGRASSterminal.A coupleof commands
areindicated:

grass60
g.region -dp

R
> library(spgrass6)
> G <- gmeta6()

TheabovecommandsloadtheinterfaceextensionandthentheGRASSenvironmentinto theR session.
Thenext commandshows theenvironmentsettings:

> str(G)

Now we loadaGRASSrastermapinto R:
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8.2 R-stats/GRASSsamplesession

> geology <- readCELL6sp("geology")
> summary(geology)
> str(geology)

SinceweareusingGISdata,wewantto look at themap:

> image(geology, "geology", col = terrain.colors(10))

To adda legend,we �rst controlthenumberof classesin thegeologymap,thendisplaythelegend:

> system("r.info -r geology")
> legend(c(590000, 605000), c(4912570, 4913850),

legend = 1:9, fill = terrain.colors(10),
cex = 0.8, bty = "n", horiz = TRUE)

> q()

The new R/GRASS6interfaceis subjectto change. To keepthis tutorial short, we suggestfurther
readingelsewherefor geostatisticswith R-stats.Links canbe found in theApplications/Geostatistics
sectionof theGRASSWebsite.

Conc lusion

This short tutorial tried to show you the power of the new GRASS6 release.We hopethat you got
someinsightsandinspirationsto useGRASSfor youown work. Pleasevisit theWebsitesregularly, as
developmentproceedsquickly. And don't hesitateto participate,sendingyour comments,suggestions
or evensourcecode!
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8.2 R-stats/GRASSsamplesession
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