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Preface

Today Freeand OpenSourceSoftware hasbecomesynorymouswith innovation and progress.Free
use,modi cation, anddistribution of programsandtheir sourcecodeguaranteeluethe free exchange
of ideasbetweerusersanddevelopersandowing to appropriatdicensing. GRASS(the Geographidre-
sourceAnalysisSupportSystemhttp://grass.itc.it ) is afreeandopensourceGIS (Geographic
InformationSystemsoftwarepackageintegratedwith imageprocessin@nddatavisualizationsubsys-
tems.It providesmary modulesfor rasterandvectordatamanipulationrenderingmageson screeror
on paper multispectraimagegeocodingandprocessingpointdatamanagemerdandgeneraddataman-
agementGRASSprovidesinterfacesto PostgreSQLMySQL, DBF, andODBC-connectedatabases.
Further it canbe connectedo UMN/Mapsener, R-stats gstat,Matlab, Octare, Povray andothersoft-
warepackages.

This tutorial gives a compactintroductionto GRASS 6. We intend to illustrate basic function-
ality of the program. For more insight into the software capabilities,seethe referencedisted in
the bibliograply. The datasetsusedin the workshopand also this documentare available from
http://mpa.itc.it/markus/mum3/
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1 Introduction

1.1 New features in GRASS 6

Over the last few yearsa numberof signi cant improvementshave beenmadeto GRASS.A new
topological2D/3D vectorengineand supportfor vectornetwork analysiswere added. Attributesare
now managedn SQL-basedBMS. The NVIZ visualizationtool wasenhancedo display3D vector
dataand voxel volumes. Messagesre partially internationalizedi18N) with supportfor Freelype
fonts, including multibyte Asian characters.GRASS:Is integratedwith the GDAL/OGR librariesto
supportanextensive rangeof rasterandvectorformats,including OGC-conformaSimple FeaturesA
new displaymanagelandintegrationwith QGIS (http://www.qgis.org ) resultin improved easeof
use.

1.2 Downloading the software

GRASSIs availablefrom ITC-irst in Italy (http:/grass.itc.it ), andfrom numerousamirror sites
(e.qg., http:/igrass.ibiblio.org ). It canalsobe obtainedon CDROM, aswell ason KNOPPIX
derivatesas‘“Li ve Linux GIS”.

1.3 Available documentation and sample data sets

Books,tutorials,manualspnline coursesandfurtherdocumentsrelistedatthe“GRASS Documenta-

tion Project” (http://grass.itc.it/gdp/ ). Sampledatasetsto usein exploring the functionality of
thesystemareavailablefrom therelateddownloadpage(http://grass.itc.it/download/ ) aswell
asfromtheNeteler& 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 be createdwith mkdir or a le managebeforestartingto 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
subdirectoriesnd les de ning alocation are createdautomaticallywhen GRASS:is startedthe rst
time with anew location

Each location can have several mapsets One motivation for maintaining different mapsetsis to
store mapsrelatedto speci c projectissuesor subrgions. Another motivation is to supportsi-
multaneousaccessby several usersto the map layers storedwithin the samelocation i.e. teams
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1.4 Structureof GRASSdatabaseghe“GRASSProject”
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Figure 1: GRASS6 startupscreen

working on the sameproject. For teamefforts, a centralizedGRASSdatabasewould be createdon a
network le system(e.g. NFS). Besidesaccesdo his/lherown mapset eachusercanalsoreadmap
layersin otherusers'mapsetsbut s/hecanmodify or remove only themaplayersin his/herown mapset

Whencreatinga new location, GRASSautomaticallycreatesa specialmapsetcalled PERMANENT
wherethe core datafor the projectcan be stored. Datain the PERMANENT mapsetcan only be
addedmodi ed or removedby theownerof the PERMANENT mapsethowever, they canbeaccessed,
analyzedandcopiedinto their own mapseby the otherusers. The PERMANENT mapseis usefulfor
providing generakpatialdata(e.g. anelevationmodel),accessibléut write-protectedo all userswho
areworking in the samelocation asthe databasewner. To manipulateor adddatato PERMANENT,
the ownerwould start GRASSandchoosethe relevantlocation andthe PERMANENT mapset This
mapsetalso containsthe DEFAULT_WIND le, which holdsthe default region boundarycoordinate
valuesfor thelocation(which all userswill inherit whenthey startusingthe database)Additionally,
aWIND le is keptin all mapsetdor storingthe currentboundarycoordinatevaluesandthe currently
selectedastemresolution.Usershave the optionof switchingbackto thedefaultregion atary time.

1.4.1 Creating a GRASS database

To createa new GRASSdatabasesearchor directorywhereyou have write accessThedisk partition
shouldprovide enoughfree diskspacéo hold your spatialdata.Createa subdirectorywhich represents
the GRASSdatabasde.g., mkdir /data/grassdata/ or mkdir  /homelyourlogin/grassdata/ ).
This pathhasto beinsertedn the“Database’line of thestartupscreer(see gure 1).
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1.5 Multiusercapabilitiesfor teams
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Figure 2: GRASSGIS managewith Spear shdataset

1.4.2 Installing the sample Spear sh data set

Therearea coupleof sampleGRASSIocationsavailablefor download. In our workshopwe areusing
the Spear shsampledatasetvhich mustbe extractedin the new databaselirectory Thenthedatasets
readyto use.Beforedoingso,we'll have aquicklook atthe generaktructureof the program.

1.5 Multiuser capabilities for teams

GRASSsupportgeamsby allowing any numberof usergo work in asinglelocation(but with different
mapsetsyimultaneouslyUserscanonly readmapsfrom othermapsetsf permissionsregranted but
cannever write to othermapsetsMapsfor all groupmembersshouldbe storedin the PERMANENT
mapset.This simpleschemepermitseasymanagementf large GIS projects.

1.6 GRASS basics: command structure and user interface

GRASSIs a complete hybrid, modularly-structureds1S with rasterandvectorfunctions. EachGIS
functionis managedy its own module.Thus,the systenis clearly structurecandappeargransparent.
Another advantageof this modularity is that only necessarynodulesare executed,which preseres
systenresources.

Currentlythreegraphicaluserinterfaceq GUI) areavailablein additionto thetraditionalcommandine.
Thedefault GUI is the GIS managerThemapviewer NVIZ includessupportfor raster vector volume
display animationspro les andmore(see gures 2 and3).

An externalproject,the userfriendly geodataviewer QGIS, providesdirectsupportfor GRASS.From
QGISversion0.7 onwardsanextensve GRASSinterfacewith on screerdigitizerandGIS functionality
is included.Also includedis a new mapcomposetool for papemapproduction(see gure 4).

Finally, thereis JAVAGRASS(JGRASS)which is a multi-platform, multi-sessiorlGRAS Sframevork
(seegure 5). JGRASSackage$SRASSto beusedn productionervironmentsasopposedo research
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1.6 GRASSbasics:commandstructureanduserinterface
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Figure 3: GRASSNVIZ viewerwith satellitedata
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1.6 GRASSbasics:commandstructureanduserinterface

Figure5: JAVAGRASSinterface

environments. The architectureof JGRASSfollows a client-serer modelinternally, separatinghe
GraphicalUser Interface (GUI) from the spatialprocessingengine. This separatiorallows the easy
developmenbof remoteaccessapabilities.

GRASSCommandOwerview
pre x | function class| typeof command example
d.* display graphicaloutput d.rast:viewsrastemap
d.vect: views vectormap
db* database databasenanagement dh.select:selectsralue(s)Yromtable
g.* general generalle operations g.renamerenamesnap
i.* imagery imageprocessing i.smap:imageclassi er
ps.* | postscript mapcreationformat ps.map:mapcreation
in Postscript
r.* raster rasterdataprocessing r.ouffer: buffer aroundrasterfea-
tures
r.mapcalc:mapalgebra
r3.x voxel rastervoxel dataprocessing| r3.mapcalcvolumemapalgebra
v.* vector vectordataprocessing v.overlay: vectormapintersections

Onlinehelpin aHTML browser:g.manual <command> &
Onlinehelpin MAN format: g.manual -m <command>
In the next sectionwe shav a samplesession.

GRASSG6 in anutshell 8



Figure 6: Spear sh,SouthDakota(SD,USA)

2 Benvenuto to GRASS

In this sectionwe areworkingwith the Spear sh60sampledatasetwhichwe extractedinto the GRASS
databasdseeabove). It is locatedin SouthDakota (SD), USA (see gure 6). Most of the mapsin
the Spear sh60datasetwere generatedn the 1980s,with someupdatesand additionsover the last
few years. The datasetis comprisedof rasterand vector mapsof two 1:24000USGS quadrangles
(quadranglesSpear sh” and“Deadwood North”) andcoversa major partof the Black Hills National
Forest(MountRushmore).

2.1 Launc hing Linux, login

Thelaunchof the PC systemdepend®n thelocal installation.We'll explainit duringtheworkshop.

2.2 Linux intro in a few minutes

GRASS s 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 and 64 bit architecturesre supported.Effective useof GRASStherefore
requirescertain familiarity with UNIX and adequatecomputerhardware. Nowadaysthe usageof

GNU/Linux systemss ratherstraightforvard dueto the developmentof commongraphicaluserinter-

faceqlikethe KDE ervironment),whereyou canstartprogramsrom menudrivenGUI ervironments.
However, it is usefulto learnhow to launchcommandgrom a terminalwindow (commandine), as
this greatlyextendsfunctionality In particular userscancombineGRASScommandswith shelland
other systemcommandgo createpowerful scripts, without having to learn additionalprogramming
languages.

After openingaterminalwindow youwill seethe prompt,for example,
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2.3 SamplesessionFirststeps

Figure 7: GRASSS6 startupscreenwith selectionof databasdpcationandmapset

[yourname@yourmachine]

or somethingsimilar (the appearancef the promptcan be customized).Here you can enterUNIX
commandsand startapplications. Within the terminalwindow, the so called “shell” interpretsyour
commands.It recevesthe commandgrom the keyboardandtransfershemto the operatingsystem.
Theshellis loadedautomaticallywhenyouopenaterminalwindow. Therearedifferentshellsavailable:
C-shell(csh),bash andthetcsh.All shellswill accepevery commandputthey differ in theirbehaior,
for example,how they handlecursorkeys and le namecompletion.

Automatic le hamecompletiorsavesalot of typingbecausgouonly needo inputthe rst character(s)
of the le or commandchameandthe shellwill completeit afterpressinghe shell-speci ccompletion
key. Thenamecompletionkey in tcshis <ESC>(presgwice),in bashit is <TAB>. Previouscommands
canbe selectecand editedwith <Arrow-up>and<Arrow-down>. Also, you cantransfertext from a

terminalwindow to anotherone using“copy-and-pastefunctionswith a mouse. Usethe left mouse
buttonto 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 Starting GRASS

Dependingon thelocal installationyou canlaunchGRASS6 from eitherthe menuor from aterminal
window entering:

grass60
A graphicaluserinterfaceshouldopenasshovn in gure 7.
Thepathto the Databasehasto beenterednto the rst eld. If youdon't have ary existing databases,
createa new directory(e.g.,grassdata/ ) in your homedirectory For theworkshopa databasevill be
preparedandindicated. After enteringthe databasgou caneitherusean existing Location (herewe
use“spear sh60") or you cancreatea new location. We select‘spear sh60” andcreatea nev Mapset
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2.3 SamplesessionFirststeps

Figure 8: GISmanagerioadingarastermap Figure 9: GIS managerioadingavectormap

within the Spear shlocation,by enteringa new name(e.g.,your login name)at theright of the startup
screenandthenclicking the “Create” button. The nameof the new mapsetwill appeain the middle
column;selectit andthenenterGRASSby clicking “Enter GRASS” at bottomleft.

Someexplanations:

2 A databases the completepathto the GRASSdatabasevhich containsoneor mary locations,
eachwith its own mapsets.

2 A locationis the nameof a projectregion.

2 A mapsefis containedwithin thelocationandis usedto organizethemapsin foldersand les by
project,by subragion, or by whaterer nameappearso be suitable.

2.3.2 Starting the d.m GIS manager: loading raster and vector maps, map display

Thehuilt-in GIS manageshouldopenautomatically If not, startit with:
dm &

Theadditional“&” charactetaunchegshe commandn backgroundsothatyou cancontinueto enter
commandsnto the terminalwindow. Now load the rastermapelevation.dem  andthe vectormap
roads asindicatedin gures 8 and9. In generalyou will selectthe maptype (rasteror vector),then
selectamapfrom thelist, thendisplaythe map. Thereareoptionsto controlthe mapdetails.

Mapsaredisplayedin a graphicalmapwindow which is calledthe “GRASS monitor”. You canopen
se/eralmonitors,they arenamedx0” ... “x6”. A specialmonitoris the“PNG” driver which sendghe
contentof themonitorto aPNG le insteadof displayingthe mapsonthescreen.
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2.3 SamplesessionFirststeps

2.3.3 Saving the GIS manager settings

Whenyou needto interruptyour work, you should rst save all GIS managessettingssothatyou can
pick up whereyou left off later This is easilydonebygoingto File —> Workspace-> Save as. The
settingsaresavedasa.dm (displaymanager)le. This le canbereloadednto the GIS manageata
latertime.

2.3.4 Saving current region settings

Sincewe work in a GIS, we may want to save not only maps,but also spatialsettings. To make a
(zoomed)region easily accessibleywe can save the currentspatialextent and rasterresolution. For
example,we canzoominto the previously displayedroads andelevation.dem  mapby eitherusing
the GIS managepr by typing d.zoom atthecommandine (d.z<tab> shoulddoin abashshell). The
differentmousebuttonsperformdifferentoperations:

Buttons:
Left: 1. corner(reset)
Middle: 2. corner
Right: Quit
If you have only a two-button mouse,the left andright button pressedogetheremulatethe middle
button.

Click theleft buttonin the mapto zoom. It de nesthe rst cornerof the box. You canclick the left
buttonasoftenasyouliketo nd theproper rst cornerpointfor thezoombox. Thenmove the mouse
somedistanceandclick themiddlebuttonto de ne theoppositecornerof thezoombox. Thiswill zoom
thedisplayedmap(s)to theselectedarea.Now you caneithercontinuelik e this, or exit zoommodeby
clicking theright mousebutton. To pan,used.zoom -p insteadthemenuwill changeslightly.

To sare acurrentlyzoomedareaasa prede nedregion, enter:
g.region  save=roadmap

Now we wantto resetthe Spear shlocationto its standardsettings,redrav the mapsandthenzoom
into the previously saved subreion:

g.region-dp
d.redraw
g.regionregion=roadmap
d.redraw
Themonitorshoulddisplaythe zoomedregion again.
Notethatthe QGIS browsercomeswith anintuitive zoomtool (sowe don't have to explainit here).

2.3.5 NVIZ visualization tool

TheNVIZ visualizationtool is a powerful tool for graphicalexplorationof rasterandvectormapsand
rastervolumes(see gure 10). It permitsdrapingmapsover elevation models,stackingseveral maps,
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2.3 SamplesessionFirststeps

Figure 10: NVIZ visualizationtool with Spear shrasterandvectormaps

generatiorof pro les andcreationof map y-throughs. To try it out, we launchit from the command
line (you canalsousethe GIS manager):

nviz elev=elevation.dem vect=roads

The navigation menushouldbe ratherintuitive. The latestNVIZ software supportsdifferent view
modes:someof themaresimilarto a ight simulatorperspectie.

2.3.6 Online help: Help button and g.manual

How to do this andthat, you ask? Sure,oftenwe just wantto look up the parametesyntaxor special
hintsfor acommandHelp canbefoundat differentlevels:
2 Launchinga GRASScommandwithout parametergin mostcasesppensa graphicalwindow:
<command> e.g.d.rast
At thebottoma HELP buttonis provided.

2 To seeavailable ags andparametersf a GRASScommand:

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

2 To view themanualpagefor acommandn awebbrowser:

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

2 To view themanualpagefor acommandn MAN style:

g.manual -m <command> e.g.g.manual -m d.rast
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2.3 SamplesessionFirststeps

Figure 11: QGISgeodataviewer with GRASSinterface:Spear shdata

2.3.7 Using the command line

... you have alreadyusedit: Using GRASSon the commandine meansenteringa commandwith
its ags andparameterslUsing shellcommandspowerful scriptscanbe created.You may remember
the le/command namecompletionwhich was mentionedearlier It greatly enhanceshe speedof
constructingcommands! Additionally you can scroll up/davn to re-useprevious commands.Here
someimportantcommands:

2 toopenamonitor: d.mon x0

2 tocloseamonitor: d.mon stop=x0 (note:youcanalsosimply closethewindow by clicking)
2 tolist availablevectormaps: g.list  type=vect

2 tolist availablerastermaps: g.list  type=rast

Alter nate graphical userinterface: QGIS

Sofar we have seen“pure” GRASS.But thereis moreto explore: QuantumGIS (QGIS). Thisis a
stand-alongeodatdrowserwith increasingGlS functionality, It is well interfacednow with GRASS.
To launchit, justenterwithin (or without) a GRASSsession:

qgis

GRASSG6 in anutshell 14



2.3 SamplesessionFirststeps

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 replicatethe view asshowvn in the gure 11. If you additionally
loadthe“aspect’rastermap,you canusethetransparengsliderto visually memgethe elevationmodel
with shadesrom theaspecmapto generatexshadecdelevationmap. Theslideris foundwhenclicking
with the right mousebuttoninto thelegend.Hereyou canalsode ne vectorlegendsJabelsandmore.
Thestackingorderin thelegendde neshow the mapsaredisplayed.

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

SinceQGIS is a stand-alones1S viewer, we canalsoload external GIS mapssuchas SHAPE les,

GeoTIFFor ERDAS/Img les. They smoothlyintegratewith the GRASSdataif the projectionanatch.
FromQGIS0.7onwardsvectorreprojectioronthe y will besupportedsimplifying againtheintegra-
tion of heterogeneoudatasources.

Add someTIGER 2000 SHAPE mapsand LANDSAT-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 PostGlISsupportwe candirectly load mapsfrom a PostGlSdatabaseising
the Add PostGISlayer button. PostGISis a spatialextensionfor PostgreSQLto storespatial(vector)
objects.

If PostGlISis available,a connectioncanbe de ned with db.connect  (seethe relatedmanualpage)
andthenanexisting GRASSmapcopiedinto PostGISwith g.copy .

2.3.11 Creating paper maps with QGIS

Clicking the printer buttonbringsyou to themapcomposetool which permitscreationof amaplayout
for printing. Figure12 shavs themapcomposewindow. Usingthe Add new mapbuttonyou caninsert
the mainview into the mapcomposetool. Also addatitle, a vectorlegendanda scale.Notethatthe
Refleshview buttonupdateghe mapcomposecontent§rom the mainview into thecomposerThisis
corvenientif you decideto modify themapagain before nalizing it. Mapscanbe printed,exportedas
EPS,SVG or highresolutionPNG les.

2.3.12 QGIS: Export to Mapserver map le

A specialfeatureof QGIS is the export of a currentview into a UMN/Mapsener map le. You rst
constructthe view with all vectorlegendstransparengetc.,thenfrom the mainmenuselect:FILE —>
ExportMapserer le. It evenincludesthe pathsto GRASSmaps.
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Figure 12: QGIS: Map composetool

2.3.13 Closing the GRASS session

Now we closeour quick-tourthroughGRASSandQGIS. First closethe QGIS window, thenthe GIS
managerFinally, in thecommandine terminal,enter:

exit
to leave GRASS.Themonitor(s)areclosedautomatically

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

3.1 Import of GIS data

To betterillustratedaily GIS life, we will shav how to import a coupleof differentGIS les. A setof
mapshasbeenpreparedor theworkshopusingdatafrom the Spear sharea.

3.1.1 Starting GRASS with Spear sh

To startGRASSwith Spear sh,type
grass60

At thedataselectionscreenselect'spear sh60”from theleft andyour mapsefrom themiddle column
(seesection2.3.1if you haven't createdhis mapsetet). Thenclick “Enter GRASS".
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3.1 Importof GISdata

3.1.2 Impor ting vector ESRI SHAPE les (TIGER 2000)

SelectedlIGER 2000shape leshave beenpreparedor the workshop(package:tiger2000_latlong_-
nad83.tag2).
TheseSHAPE les areoriginally formattedasLatitude-Longitude/lD83 (degree;EPSGcode4269).
Beforeimporting theminto the Spear shlocation,we have to reprojectthe mapsto UTM in orderto
matchthe GRASSSpear shsampledatasete nitions (UTM zonel3N,NAD27/Clarke66;EPSGcode
26713).
This canbeefciently donewith theogr2ogr tool. Astheoriginal les arelackinga.prj le, which
carriesthe projectioninformation, we assignit on the y usingthe'-s_srs' (sourcespatialreference
system)arameterThetargetSRSis de ned with '-t_srs'. To simplify thede nition of theprojections,
weuseEPSGcodenumbersvhichareinternallyexpandedo thefull de nition. Theorderof command-
line le speci cationis (maybesurprisingly)<output><input>:

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

tgr46081IkA_UTM13_nad27.shp tgr46081IkA.shp

This stepmustbe donefor all LatLong TIGER 2000SHAPE les. You canalsoskip this step,aswe
have preparedhe packagdiger2000_UTM13_nad27.t@z,which canbe useddirectly. Theincluded
readmehtml le explainsthelayernamesandacroryms.

Vectordataareimportedby usingv.in.ogr , mary formatsareaccepted SHAPE les arenot stored
in atopologicalformat. Themodulev.in.ogr ~ containsaninternal“topology engine”which x esalot
of commonSHAPE le problemsduringimportandgeneratesopologicalinformation.

Now we canimportthereprojectedllGER SHAPE les (shavn hereusingthe commandine, youcan
alsousethe mouseby startingthe commandwithout parameters)We import theroadsmap(lkA) and
thehydrograply (IkH):

vinogr  tgr46081IkA_UTM13 nad27.shp out=tgr2000_roads
vin.ogr  tgr46081lkH_UTM13 nad27.shp out=tgr2000_hydro
d.vect tgr2000 roads  col=grey
d.vect tgr2000_hydro  col=aqua

To display you caneitherselecttheimportedmapsin the GIS managerusethe commandine or start
qgis andselectthe mapsthere(usingthe Add GRASS/ectormapbutton).

Note: If the projectioninformationis missingin the le (andyou aresurethatit correspondso the
projectionof the GRASSIocation),you canusethe'-0' ag to overridethe projectiontest.

3.1.3 Importing raster Erdas/IMG les (LANDSAT-7)

For the Spear shareaa LANDSAT scenehasbeenpreparedlt is alreadyreprojectedo UTM/NAD27
andsubseto minimizethedatasize. Thescends splitinto three les (NIR: nearinfrared,MIR: middle
infrared, TIR: thermal):
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3.1 Importof GISdata

2 spear sh_landsat7_AD27_vis_itimg: TM10,TM20,TM30 (blue, green,red), TM40 (NIR),
TM50, TM70 (MIR)

2 gpear sh_landsat7 AD27_tirimg: TM62 (TIR low gain), TM62 (TIR high gain)
2 gpear sh_landsat7_AD27 pan.img:TM80 (panchromatic)

In orderto importrasterdatato GRASS,user.in.gdal (theoutputparametefor multichannedatais
usedasapre X):
r.in.gdal - in=<image.img>  out=<image>

Themoduleveri es thatthe projectionof the datasetnatcheghatof thelocation. If the projectionsdo
not match,an erroris issued. Sometimessuchde nition is not presentin the datasetjf you aresure
thatit matcheghe locationde nition, the'-0' ag canbe usedto overridethetest. The'-e' ag can
beusedto expandthe extentof thelocationto matchthatof the datasetHowever, the mapis imported
completelyin ary case For our Spear shexamplewe do:

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 keepthe numberingright, we renameam.6to the correctnumbertm.7.

To look atthe multichanneimaps we cangenerate&a RGB compositeonthe y:
g.region rast=tm.l1  -p
drgbh  b=tm.l g=tm.2 r=tm.3

You shouldseethe Spear shareain nearnaturalcolors.

3.1.4 Impor ting Raster GeoTIFF les

Datain the TIFF image les areeitherin GeoTIFFformat(a single le which carriesthe metadatas
TIFF Tags)or consistof two les, aplain TIFF le map.tf andanASCIl le map.tiw . A TFW, or
world le, is aseparateASCII le containingthe real-world transformatiorinformationusedby the
displaysoftware. World les canbe createdwith ary editorandalsoby GDAL. Make sureto getboth
les whennotreceving GeoTIFFformat. The TIFF formatitself comesdn severalvarieties all of which
areacceptedhy GRASS.The sameLANDSAT-7 postprocessescenewe usedabore in ERDAS/Img
formatis alsoavailable asa GeoTIFF le (.tif extension). User.in.gdaljust asyou did with the
ERDAS/Img LANDSAT-7 les:

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

3.1.5 Creating new GRASS locations from datasets

Both v.iin.ogr  andr.in.gdal have a 'location' parametemwhich can be usedto generatea nen
GRASSIocation(includingimport of the datasetfrom within an existing location. This greatlysim-
pli es the procedure.Note thatthe datasemustinclude projectionde nitions. If lacking, ogr2ogr
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3.2 Creatinganew location

or gdal_translate canbe usedto assignthe missingprojectionde nition beforehando the dataset
(-a_srs'parameter).

3.1.6 So many GIS formats....

To give you anoverview, therearenumerougormatssupportecdby GRASSGIS.

Rasterformats:

2 rin.gdal : Arcinfo, CEOS,DOQ,DTED, ENVI, Envisat, Erdasimg/LAN, FAST, (Geo)TIFFk
HDF4,SAR,SDTS,...

2 rin.bin  : Binary, BIL, GMT les
2 rinmat : MatLab les

2 rinsrtm : SRTM 1 dgyreetiles
\ectorformats:

2 vin.ogr : SHAPE,GML, UK.NTF, SDTS, TIGER, MaplInfo-File, DGN, VRT, ODBC, Post-
GIS, ArcCover

2 y.in.ascii : GRASSASCII
2 v.in.e00 : ArcIinfo EOOFormat

2 v.indb : Createvectorsfrom databasevith x, y[, z] coordinates

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

3.1.7 Closing Your GRASS Session
In thecommandine terminal,enter:
exit
to leave GRASS.Thedisplaymanagemustbe closedby you; the monitor(s)areclosedautomatically
Sofaryou have seena GRASSsamplesessiorwith QGISadd-onandanimport datasession.

3.2 Creating a new location

3.2.1 De ning anew location interactivel y

Sometimesconsidereda tricky processwe'll next learnto createour own GRASS locationsfrom
scratch.Rememberyou cangeneratenew locationsfrom existing dataset@automatically(seeabove).
But it canbe usefulto know how to do it interactvely. A major differencebetweenGRASS and
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3.2 Creatinganew location

otherGIS is that GRASSwantsthe projectionde nitions beforethe usercanwork in alocation. The
adwantagss thatthingsarewell de ned anda messof projectionmixturesis avoided.

Firstyou startGRASS.:

grass60
Thewelcomescreenshavs a coupleof buttons. Click on the CreateNew Locationbutton, which will
take you to atext screensomedaytherewill bea graphicalinterfacefor this). In this screeryou enter

anew locationname(not containingwhite space)andthencontinueby pressingESC"-“RETURN” -
i.e. presgNOT hold) the ESCkey, andthenpresshe RETURNkey on your keyboard.

Below we outlinethegeneralprocedure:

You will needto assignparameterso the locationsuchasthe coordinatesystemanddatumyou want
to use,the projectareas boundarycoordinatesandthe default resolutionfor rasterdata:

2 Projection: Startby chosingbetween,X,Y, Latitude-Longitude UTM, or "other" coordinate
system.This choicedepend®n your dataandthe useyouwill make of it.

2 Description: You are then promptedfor a single line of text describingthe projectarea,for
example“TopoMap of the Alps”.

2 Projection details: Next you areaslked for somemoreinformationaboutthe projection. Note
thatthe promptsvary from projectionto projection;anexamplefollows:

— (if youchose'D - OtherProjection”)specify projection name “list” givesyou thelist of
all availableprojections.examplesare“tmerc” for TranserseMercator “Icc” 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: O if youwantthe Equatorasthe centralparallel

Enter Central Meridian : 0 if youwantthe Greenwichmeridianascentralmeridian
Enter ScaleFactor atthe CentralMeridian: 1.0 or 0.99960r ...

Enter plural form of map units: for example,meters

2 Areaboundary coordinates The next stepis the descriptionof the projectareas boundary
coordinatesandthede nition of thedefault rasterresolution:

— The default raster resolution (GRID RESOLUTION)hasto be choseraccordingto your
needs.Generallyit is advisableo 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 rastermapmay have its own resolution. You can
leave this screerwith “ESC™-“RETURN” andthenif everythingis correctaccepthelist of
parametershatappears.
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Figure 13: GRASSstartupscreenCreatinglocationsfrom 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 mapseis cre-
atedwithin the new locationby answering'yes” to the next question. The mapsetwill usethe
parametersf thelocation(suchastheregionandresolutionde nitions) asits defaultparameters.

Now the projectarea,i.e. thelocationincluding a mapsethasbeencreated. You have “arrived” in
the GRASSsystemandcanstartworking within this new location. Now you canverify the projection
settingswith:

g.proj -w
If you readthis sectionwithout actually de ning a new location, you may try this commandin the
Spear shlocation.

3.2.2 Creating your own location from EPSG code

As analternatve, to createyour own locationin anquick andeasyway, you canusethe EPSGprojec-
tion codes.Projectionsand nationalgrid systemshave beenstandardizedby the EuropearPetroleum
Suney Group(EPSG http:/lwww.epsg.org ), giving anuniquelD codeto eachreferencesystem.n
GRASS they arebasedn the PROJ4installationwhich providesan EPSGcodetable. Clicking onthe
button“Createlocationfrom EPSG”bringsyouto anew window (see gure 13). Youwill enteranew
locationnameandthe EPSGcodenumber If you don't know the EPSGcode,you canmalke useof the
buttonthatlists the PROJ4-EPSGle. Bewarnedthatsometimegeodeticdatumde nitions aremiss-
ing here.They canbeaddedaterwithin the GRASSsystemor you areaskedin anadditionalwindow
to selectadatumfrom the availablelist. After enteringthe necessarinformation,click on“OK”. This
will generat@nev GRASS|ocation. After thatGRASSclosesdtself, andyou have to restartit to select
the newly createdocation. Selectthe locationand mapsetthenclick the “Enter GRASS” button to
launchthe system.

4 Raster map analysis

GRASSIs traditionallyknown for its powerful rastemprocessingapabilities All classicafunctionality
plus time seriesdataprocessingand modelsare available. While imageprocessinggommandnames
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4.1 Digital elevationmodel(DEM) analysis

differ in the rst character(i.* insteadof r.*), they are generallyfully integrated. Any image map
(from anaerialcameraor satellite)canbe usedasa normalrastermap. Additional supportis available
to handlemultispectralmaps. More sophisticatednethodssuchas orthophotogeneratiorandimage
classi cationareimplementedaswell.

GRASSsupportgixelwise operationon rastermapsaswell asfocal (neighborhoodandglobal (full
map)calculations Also buffers,watershedsp w lines,slope aspecandcurvaturemapscanbecreated,
andrasteralgebracanbe performed.

To start,we wantto look atthe metadataf arastemmap;enter:
rinfo  <map> e.g.,rinfo  elevation.10m

4.1 Digital elevation model (DEM) analysis

We can calculateslope and aspectfrom a DEM with r.slope.aspect . First we resetthe current
GRASSregion settingsto thoseof theinput map:

g.region  rast=elevation.dem -p

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

drast aspect_30m
d.rast.leg slope_30m

Both mapsare calculatedn onestep. Note that horizontalanglesare countedcounterclockwisdrom
theEast.Slopesarecalculatecby defaultin degrees.Thed.rast.leg commandaddsa simplelegend
to themonitor.

Thereareadditionalmoduleswvhichwork with DEMs: depressiomreasanbe lled with rfill.dir ,
and o wlines calculatedwith r.flow . Watershedanalysiscan be donewith r.watershed  and, on
massve grids, with r.terraflow

4.2 Raster map algebra

GRASSprovidesthe very powerful mapcalculatorr.mapcalc . This moduleis bestusedon the com-
mandline asthereyou have e xible cursorsupportprovidedby the shell. It operatesell by cell, using
amaoving window technology To startwith somesimpleoperationswe lter all pixelswith elevation
higherthan1000mfrom the Spear shDEM:

rmapcalc  "elev_1500 = if(elevation.dem > 1500.0, n
elevation.dem, null())"
drast elev_1500

The command,embeddedn doublequotes,containsan “if ” statemen{if higherthan 1500m)with
a “then” option (copy the pixel values)and an “else” option (write No Data if the conditionis not
satis ed). Thenull() functionis a resered word which insertsa No Data value for the actualraster
cell beingprocessedTherearea coupleof further functionsavailable suchas mean(),min(), max(),
sin(), cos()etc. Themapcalculatorcanacceptmorethanoneinput map. New mapscanbe generated
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4.3 Geocodingascannednap(4 cornerpoints): Topographianap1:24000

from calculationsperformedon a setof input maps. Additionally adjacentvaluescanbe considered,
e.g.to generateo w througha landscapePleaseaeferto themanualpageor the booksindicatedin the
bibliograpty for furtherfunctionsandexamples.

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

GRASScanbe usedto geocodaunreferencede.g.,scannedjnapsby de ning groundcontrol points.
Sucha scannedmap should be importedinto a XY location without projectioninformation. This
location can be automaticallycreatedwhenusingthe r.in.gdal commandwithin anotherlocation.
Using the “location” parametethe commandwill not only import the map,but alsowrite it to a new
location(seesection3.1.5. ThenGRASSmustbe restartedwvith the nev XY locationcontainingthe
scannednap.We now quickly outlinethe procedurewithout goinginto too mary details:

2 Thescannednaphasto beinsertednto animagegroup(i.group ; evenif it is justasinglemap).
2 Thegroupis targetedto areferencdocation(i.target ).

2 Theuseropensa GRASSmonitor and graphicallyplacescorrespondingyroundcontrol points
(i.points  orivpoints ). Theunreferencednapis loadedinto the left side of the graphical
display andthe referencemapis loadedinto the right side. For an internally undistortedmap
four cornerpointsshouldsufce.

2 Theungeocodednapis recti ed into thereferencdocation(i.rectify ). Thepolynomialorder
for a4-pointrecti cation is 1.

Oncetherecti cation is done, GRASShasto beleft andrestartedvith thereferencdocation.Now the
resultcanbevalidated.

4.4 Volume data processing and visualization (demo)

A recentenhancementio GRASSIs the capabilityto processrastervolumes(voxels). This canbe
usedto describesoil dataor atmospheridatawithout the constraintsof 2D maps. GRASSprovides
3D splineinterpolationand 3D map algebraasanalyticaltools. NVIZ wasrecentlyenhancedo dis-
play volumes(e.qg., isosurfices,see gure 14). We will shav examplesduring the workshop. The
Slovakia samplelocationis available from the Neteler& Mitasova 2004 book supplementVeb site
(http://mpa.itc.it/grasstutor/ , see2"d editiondatasets).

5 Image processing

5.1 Image classi cation

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

Figure 14: NVIZ volumevisualizationof Slovakiarainfall data

identical spatialreference.During the imageclassi cation procedurethe spectralresponsef objects
is analysedandassignedo classes.Theresultingmap containsa setof classesvhich may represent
landuseandlandcover.

GRASSsupportanultiple channelsthey canbe groupedtogethemwith i.group . Theneitheranauto-

matedstatisticalanalysisis doneon the input channelgunsupervisedlassi cation) or training areas
have to be digitized by the userto de ne known landuse/landoger areas(supervisectlassi cation).

GRASSthenderivesspectralsignaturegor the desiredclassesandrunsthe nal analysison all pixels

of all input channelsassigningeachpixel to a class. In the caseof unsupervisealassi cation the

classesarejust numberedjn the caseof supervisectlassi cationthey correspondo the namesof the

trainingareas.

While the moresophisticateguperviseclassi cationis explainedin the literature,we will shav here

asimpleunsupervisedlassi cationhere(MaximumLik elihoodalgorithm):

i.group  group=lsat  subgroup=lsat  in=tm.l,tm.2,tm.3,tm.4,tm.5,tm.7
i.cluster group=Isat  subgroup=Isat  sig=sig.cluster n
classes=15 sep=1.5
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5.2 ImageFusion:LANDSAT-7 — Brovey transform

Figure 15: NVIZ shaving aLANDSAT-7 Brovey fusioncomposite

i.maxlik  group=lsat  subgroup=Isat  sig=sig.cluster n
class=tm.class rej=tm.class.rej
d.rast.leg tm.class
d.rast.leg tm.class.rej
Thetm.classnapholdstheresult,thetm.class.ej mapthecon dencelevel for eachpixel.

5.2 Image Fusion: LANDSAT-7 — Brovey transf orm

An illustrative exampleof visuallyimproving a LANDSAT-7 scenecanbe donewith the Brovey trans-
formation. Herethreemultispectrakchannelg28.5mres.) andthe panchromatichannef14.25mres.)
are memgedin this processto threenen Red, Green,Blue channels. After importing the prepared
LANDSAT-7 subscenéor Spear shwerun:

i.fusion.brovey -l msl=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
Theinput channelshave to be 2, 4, 5 andthe panchromatichanneland ag '-I' for the LANDSAT-7
sensor Thenwe setthe GRASSregion settingsto one of the resultinghigh resolutionchannelsand
createa newv mapfrom thethreenew R, G, B Brovey channels.We candisplaythis map usingthe

GIS manageror QGIS. Comparingto tm.4 or other channelsyou can obsene the improved spatial
resolution.
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We canalsodrapethe resultof the imagefusion over the high resolutionDEM with NVIZ (see g-
urelb):

nviz elevation.10m col=tm.brovey

6 Working with vector data

GRASS6 comeswith acompletelyoverhauledvectorenginewhichis extendedo manage2D and3D
topologicalvectordata. The new internalvectordataformatis now portablebetween32bit and 64bit
platforms. In addition,a new spatialindexing systemacceleratesector dataaccessand a category
indexing systemacceleratesttribute queries. Vectordatafrom other GIS software can be imported
(allowing for topologicaldataclean-upyaswell aslive-linkedinto the GRASSdatabasasvirtual maps.
Thenew integratedDirectedGraph Library providessupportfor vectornetwork analysis.Vectormap
overlays,intersectionandextractionof featuresareimplemented The new vectorengineincludesfull
and e xible integrationof databasenanagemergystemgDBMS) for attribute managemen(currently
DBF, PostgreSQLmMySQL,andODBC aresupported) SQL statementareusedto manageattributes.
Graphicalupdatingof vector attributeshasbeenimplementedaswell in the interactve vectorquery
tool.

In this sectionwe will explore basicvectorfunctionality.

Supportedgeometrytypesare point, centroid,line, boundary area(boundary+ centroid),face (3D
area) kernel(3D centroid),andvolumes(facest+ kernel). Geometrystoragds true 3D: X, y, z with z=0
in the2D case.

6.1 Vector map impor t

Vectormapscanbe importedfrom varioussourcessuchas Arcinfo-CoveragesCSV, DGN, SHAPE
les, GML, Maplnfo, MySQL, ODBC, OGDI, PostgreSQL/PostGIS57,SDTS, TIGER, UK .NTF,

and VRT. The modulefor importing vectormapsis v.in.ogr . Theinput “dsn” (datasourcename)
parametecanbea le, adirectoryoradatabaseonnectiondependingnthedataformat. As GRASS
is atopologicalGlS, non-topologicalSimple FeaturedatasuchasSHAPE les aretransformednto a

topologicalrepresentatiomponimport. Dataquality is veri ed duringtheimport, andvectorfeatures
which violatetopologicalconditionsarestoredin a separatdayerfor laterinspection.For moredetails
pleaseaeferto the manualpageof v.in.ogr

As an example,we import a SHAPE le map generatedrom TIGER 2000 datainto the Spear sh
locationandlook atit:

vin.ogr  dsn=tiger_lines.shp out=tiger_lines
d.vect tiger_lines

Mapscanalsobe simply registeredusingv.external . In this caseonly pseudo-topologys generated
andthemapis read-only(sono modi cations canbe done).
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6.2 Attributemanagement

6.2 Attrib ute management

By default GRASS6 managesectorattributesin dBase(xBase) les. To addor remove alink between
avectormapandits attribute table(s),the commandv.db.connect  is used.It alsoprintsthe current
connection(s)We look attwo maps:

v.db.connect  -p roads
v.db.connect  -p streams
While theroadsmapis linkedto anattributetable,the streamsmaplacksit.

Whenusinganexternaldatabasethe moduledb.connect  is usedto de ne theconnectiorparameters,
thendb.login  to entertheusernameandthepassverd. Thisis necessarfor PostgreSQlandPostGIS
connectionsandfor connectionso someotherdatabases.

A setof db.* modulesareavailableto list tablenamescolumnnamesandtypes,to make SQL queries
andto createor altertablede nitions. We canquerytheattributesof theroadsmap:

echo "SELECT * FROMroads" | db.select

This works for ary table dependingon how GRASS is connectedto a (external) database(see
db.connect ). A morecorvenientway to queryassociatethblesis to usev.db.select . For example,
we canlist the attributesof theroadsmapwith:

v.db.select roads
A reportcontainingareasizesor line lengthsis generateavith v.report

6.3 Buffering

Buffering canbe donefor vectormapsusingthev.buffer ~ command.Herewe shav how to generate
buffersaroundthe archaeologicasitesin the Spear shlocationfor 300 meters:

d.vect archsites
v.buffer  archsites  out=archsites_buf300 buffer=300
d.vect archsites_buf300 col=red

To generatéhalf-buffersfor lines,onecanusev.parallel . It addsasingle,parallelline to eitherthe
left or theright side.

6.4 Extractions

Vectorfeaturecanbeextractedin differentwaysfrom amap: They canbeselectedy ID (called“cat”
or “category number’in GRASSIlanguage)by attributevaluevia “where” SQL clause®r by geometry
type (point, line, etc). As an examplewe canextractthe interstatefrom the roadsmap by attribute.
Firstwe displaytheattribute tableto seehow it is written andhow the columnto be queriedis named,
thenwe extractthevectorlinesinto anev map:

d.erase
d.vect roads
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6.5 Selectingclipping, unions,intersections

v.db.select roads

vinfo  -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 example we import the TIGER 2000 urban areas(again within the map package
tiger2000_UTM13_nad27.tgzfor the Spear sharea):

vinogr  dsn=UA_46081 _UTM13 nad27.shp out=urban_areas
d.vect urban_areas

We wantto extractall roadswhich arewithin the urbanareas.For this we usev.select  andspecify
theurbanareapolygonmapandtheroadsline mapasparametergainputandbinput):

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

d.vect urban_roads col=red
As a secondexamplewe wantto clip the uni ed schooldistrictsfrom TIGER2000to the urbanareas
whichwe rst import. In this casewe have to useadifferentcommandvhich permitsusto usepolygon
mapsasinput:

vin.ogr  dsn=tgr46081uni_UTM13 nad27.shp out=school_dist_unified

v.overlay  ain=urban_areas  hin=school_dist_unified n

out=urban_school_dist op=and

d.vect urban_school_dist fcol=yellow
To verify, we canquerythe newly createdmap:

d.what.vect urban_school_dist
Therearefurthermethodsmplementedn thesetwo commandsseethe manualpagedor details.
To extractdatafrom a singlemapaccordingo IDs or basedn a SQL statementusev.extract

6.6 Conversion raster -vector and vice versa

GRASS:Is ableto corvert betweerrasterandvectormodels(maprepresentations)ncluding attribute
transfer To corvertvectormapsto rastemrmaps,usev.to.rast . It caneitherassignx edvaluesto the
resultingmap (usefulwhengeneratinga rasterMASK) or transferthe attributesof a speci ed column.

Themoduler.to.vect doesthe oppositejt vectorizegasterpoints,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 andis now fully

graphicallybased.The buttonsshouldbe self-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 the snappingdistance A backgroundnapcanoptionally be loadedprior to

beginning digitizing. Areas(currently) have to be digitizedin two parts. Closedareasbecomegreen,
while topologicallyinvalid featuresremainred. In this casezoomingis recommendedb identify the
error. Oncea featureis digitized, a window popsup so that you canenterattributesfor this feature.
Figurel6illustratesthesetup.

6.8 Digitizing in QGIS
An interestingalternatve is to usethe digitizer within QGIS. To do so, rst anemptymap hasto be
created:

v.in.ascii -e out=newmap

ThenlaunchQGISwithin the GRASSterminalandloadthis new or anexisting mapinto QGIS using
theVector/GRASScon.

6.9 Working with vector geometry

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

Varioustoolsareprovidedto reporton or to manipulatevectorgeometry:
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Figure 17: Native directionsin GRASSvectordatausedfor network analysis

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

2 v.build.polylines : make polylinesof connected/ectorlines

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

2 yclean : cleanstopologicalproblemssnapnodes remore danglessmallareasgliminatesliv-
ers,pruneetc.

2 yto.db : reportareasidelDs of boundariegleft, right)

2 vtype : convertvectorgeometrytypes(pointvs. centroid;3D pointvs. kernel (3D centroid);
line vs. boundary3D areavs. face)

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

7 Vector netw orking

A new setof GRASSmodulessupportoperationgperformedon vectornetworks. Default calculations
arebasedon vectorlengths.But it is possibleto assigncostattributesto nodesandfor two directions
of eachvectorline (e.g.,to simulatetrafc o ws).

7.1 Shortest path analysis

The connectionbetweentwo positionson a vector network canbe graphicallyanalyzedwith d.path.
The moduleneedsan openGRASSmonitor. If no attributesarespeci ed, only the vectorline lengths
aretakeninto considerationWe canexperimentwith theroadsmap:

d.path roads
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7.2 Furthernetwork analysistools

Figure 18: Shortespathcalculations

Themousebuttonshave to beusedthey areexplainedin theterminalwindow. The calculatedshortest
pathis immediatelyhighlightedin the GRASSmonitor (see gure 18). To save sucha shortestpath,
thev.net.path modulehasto beusedinstead.

7.2 Further network analysis tools
Thefollowing methodsof vectornetwork analysisarecurrentlyimplementedn GRASS:

2 v.netpath : shortespath(connectiorbetweernwo positions),

2 v.net.salesman : traveling salesmarfroundtrip),

2 v.netalloc  : allocationof resourcegcreatesubnetvorks,e.g. re brigade),
2 v.net.steiner : minimum Steinentrees(starlike connectionse.g.broadbanaable)
2 yv.netiso : iso-distanceg¢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 undegoing signi cant

changes(Bivand, 2005). The new designis embeddedn the new efforts to develop coherent
spatial classesfor R. The basic website for the new GRASS interface is hostedat Sourcelérge

(http://r- spatial.sourceforge.net ). The new packagdas named‘spgrass6”. The basicspatial
objectclassearemaintainedn the“sp” packageTheadditional'spGDAL” classis awrapperfor func-

tionsin the“rgdal” packagewhich interfacesto the GDAL library. Anotherpackagés “spmaptools”,
whichis aninterfaceto the SHAPEIibrary.

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)
> 1S <- "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 getafeelinghow the R-statdanguagevorks,we startGRASS/Spear sHor our samplesessiorand
resetGRASSto default settingsthenwe launchR within the GRASSterminal. A coupleof commands
areindicated:

grass60
g.region  -dp

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

Theabore commanddoadtheinterfaceextensionandthenthe GRASSernvironmentinto the R session.
Thenext commandshovs the ervironmentsettings:

> str(G)

Now we loada GRASSrastermapinto R:
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8.2 R-stats/GRASSamplesession

> geology <- readCELL6sp("geology")

> summary(geology)

> str(geology)

Sincewe areusingGIS data,we wantto look atthe map:

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

To addalegend,we rst controlthe numberof classesn thegeologymap,thendisplaythelegend:

> system("r.info -r  geology")
> legend(c(590000, 605000), (4912570, 4913850),
legend = 1.9, fill = terrain.colors(10),

cex = 08, bty ="n", horiz = TRUE)
> q0)

The new RIGRASS6interfaceis subjectto change. To keepthis tutorial short, we suggesturther
readingelsavherefor geostatisticsvith R-stats.Links canbe foundin the Applications/Geostatistics
sectionof the GRASSWebsite.

Conclusion

This shorttutorial tried to shav you the power of the nev GRASS6 release.We hopethat you got
someinsightsandinspirationgo useGRASSfor you own work. Pleasevisit the Websitesregularly, as
developmentproceedsjuickly. And don't hesitateto participate sendingyour commentssuggestions
or evensourcecode!
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