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What's GRASS

Free and Open source GIS

Geographic Resources Analysis Support System

Portable: [\ L 'U

« GNU/Linux L’U MS-Windows
e Mac-OSX - -
[ J - l\l

Written in: C/C++ Makes also use of Tcl/tk, Python

GRASS main web site: http://grass. osgeo. org



What's GRASS - 2

e Free and Open Source Software (FOSS):

e 0: The freedom to run the program, for any purpose.

e 1: The freedom to study how the program works, and adapt it to your
needs. Access to the source code is a precondition for this.

e 2: The freedom to redistribute copies so you can help your neighbor

e 3. The freedom to improve the program, and release your improvements
to the public, so that the whole community benefits. Access to the source
code is a precondition for this.



Interoperability

Proj.4: Projections
OGR/GDAL: data conversion libraries

Database:
e PostgreSQL/PostGIS PQ SEGES% @ PostgreSQL
e MySQL ~ 7; K
10 <Z
e SOLite SQL‘{Q%? L"'_—,ISQL-:

e ODBC: PostgreSQL, MySQL, ORACLE, MS-Access, MS-SQL Server, ecc.

QGIS

R-stats @




How to obtain GRASS?

http://grass. osgeo. or g/ downl oad/ i ndex. php

e LINUX:
e download source code and compile it
e download binary packages (generic or distribution-oriented)

e WINDOWS:
e download stable binaries (Cygwin)
e download testing installer

e Mac OSX:
o download binary packages

e LiveCDs/ LiveDVDs / LiveUSBs



How to obtain GRASS? - 2

e As for LiveUSBs: |SIaXGIS |

http://geomatica. cono. polim.it/software/slaxd S/

Complete Linux system bootable from a USB flash drive, containing (V090731B ):

-grass-6.4.svn_2009 10 31
- MapServer 5.4.2

- OpenLayers 2.8

-uDig 1.1.1

- OpenJUMP PIROL 1.2.F

- PostgreSQL 8.4.0

- PostGIS 1.3.6



GRASS i18N

Translated Fuzzy |Untranslated
14 PR |} . FOFes messages translations| messages
Official” language: english e |
Thal grasstel_th.po 1424 6 [ 1
Spanish grasstcl es.po 1422 2 &
Porfuguese  |grasstcl pt brpo, 1361 39 B
Translations into 19 languages falan  grasstcl_itpo | 1642 | 310 | 158
; Pum.lguese grasstcl_pt.po 1191 162 78
for the user mtgrface are L2 e
currently ongoing. French |grasstol irpo 794 268 369
Germman grassicl_de.po 765 399 265
Palish grasstcl_pl.po vaz2 375 324
[Z]-~ neteler@s3ad197.media.osaka-cu.ac.jp: /home/neteler Vietamesa graasicl. vi.po 726 420 235
GRASS B, 7, cwez™ ) echo "SELECT # FRON dourckukan” | db, sslect Chinese grasstcl_zh.po 221 15 | 1195
ca‘gﬁ%}%‘é@gu&%%b%m&?dl length Amharic :gmsstcl_am.pu 174 B0 [ 1177
,U:E) ﬁ;?ﬁl 0000080?0. 000888| i Slovenian grasstcl_sl.po 0 1431 '
R Pisien i nre MR 7|75
Y | Korean grasstcl_ko.po 0 1431
ﬁ’f:;_-}”““am grasstcl_el.po 0 1431
Arabic grassicl_ar.po 0 1431
Hindi grasstcl_hi.po 0 1431
Japanese grasstcl_ja.po 0 667 764
Latvian grasstcl_Iv.po 1] 125 1306
Marathi grasstcl_mr.po 0 1431




Geometry and topology

e Geometry is true 3D (X, Y, 2)*:

Point

Centroid

Line

Boundary

Area* = boundary + centroid
Face* = 3D area

Kernel* = 3D centroid
Volume* = face + kernel

(*) Not in all GIS!

Vertex Line

Vertex Bo

Und
an Vertex
Nods Vertex
Area

Vertex

Face




OGC simple features...

Points, lines, polygons
Replicated boundaries for adiacent areas

Advantages :
e faster computations

Disadvantages :

e Extra work for data
\ maintenance

e Duplicated boundaries
cause le

h



... VS Vector topology

Points, centroids, lines, boundaries
In topology centroid and boundary form an area
Single boundaries for adjacent areas

each boundary is a single line
divided by two polygons

Advantages :
e l|ess maintenance, high quality

Disadvantages
e Slower computations




How to start GRASS

=] 3 luana@luana-laptop: ~ BEEER
File Edit View Terminal Tabs Help

luana@luana-laptop:~% grasses3 g
Cleaning up temporary files..... [’ it =1ef)f=
Starting GRASS ... = 7 —

You can start Grass typing ‘grass63’ y ¢ ﬁ,_, f

in the shell. Welcome to GRASS GIS Version 6.3.0
The world's leading open source GIS

Select an existing project location and mapset
or define a new location

In the Startup WindOW Select the GI5 Data Directary: E/home/luana/grass_es Browse |

‘ =l ]
mapset and press the Enter Project Location Accessihle Mapsets Create hew mapsetin selected
y {projection/coordinate system) (directories of GIS files) lacation
G RASS bUtton . IGE_ramadi U [PERMA&NENT i |
UTh_wisB4_32N userl |
spearfishe Craata naw mapset ‘
spearfishE0
Define nesw location with...
Georeferencead file
EPSG codes
£ S0 B = Frojection values

Entar GRASS ‘ Exit | Help




Data structure

e DATABASE : Contains all GRASS data.

Each GRASS project is organized in a “Location” directory with subsequent
“Mapset” directories

e LOCATION: Defines a coordinate system and a rectangular boundary for a
project

e MAPSET(s): Used to subdivide data by user names or subregions or access
rights.

e PERMANENT: is a standard mapset that contains the definitions of the
location. May also contain general cartography since it is visible to all the
other mapsets.

e Multi-User support: multiple users can work in a single location using
different mapsets. Access rights can be managed per user. No user can
modify/delete data of other users.



Data structure - 2

/prov_trentino|-{{ /FERMANENT
= cell
/trento _| cellnd
{silvia —| cell misc
feuropa
fhomefuser/grassdata fhannover | IF‘ERMAMENT__
hist
fworld streets coor
dbin
parks — hist
o
lakes ALk
topo
poi
streets.dbf
parks.dbf
L[ dbf |
lakes.cbf
pei.dbf
' [ [ [
Database Location Mapset Vector & Raster




Vector maps structure

e Each vector map is contained in a single directory (inside the 'vector
directory) with the same name of the vector map.

e Each vector directory contains the following files:

e cidx: Contains the topological index
e coor: Binary file that contains the features coordinates and categories

e dbin: Contains information about database connection (driver, database,
table, column, etc...)

e head: Contains the vector header

e hist: Contains information about the vector history: author, date,
executed commands, etc...

e topo: Binary file containing topology



Raster maps structure

Raster maps are recorded in a matrix where each element represents a pixel
with an integer or floating point value .

Information about the raster maps is distributed in different files inside
thematical subdirectories:

e cat: Contains category information

e cell —fcell : Contains binary files with the numerical matrix
e cellhd : Contains maps headers

e colr: Contains maps color informationon

e hist: Contains information about raster map history: author, date,
executed commands, etc...



Databases with GRASS

Modules |*

posiresaL) Cavn )

File RDBMS File




Commands structure

d.* display graphical output d.rast/d.vector: views raster /
vector maps
db.* database database db.select: select value(s) from
management table
g.* general general file operations | g.rename: renames map
IL* imagery Image processing l.smap: image classifier
ps.* postscripts map creation in pS.map: map creation
Postscript
r.* raster raster data processing | r.buffer: buffer around raster
features
r3.* voxel raster voxel data r3.mapcalc: volume map algebra
processing
v.* vector vector data processing | v.overlay: vector map
intersection




Create a new location

Georeferenced file:

W GISPA

Welcome to GRAS I Versn 6.30 Insert the name of the new

The world's leading open source GIS

Select an existing project location and mapset |Ocat|0n to create
or define a new location

G5 Data Directory: Eklwme,-"luana,-"grass_es u Bhuaa (e.g. ‘SpearfIShZ’) and the

Project Location accessinle Mapsats Create new mapset in selected
{projection‘coordinate system) (directories of GIS files) location

3 o path to the georeferenced

file (e.g. ‘roads2.shp’).

Define new location with...

| Geareferenced file I

EFZG codes |

Jull | Frojection values |
= =i B :

| Exit |

Mame of news Iucatinn|spearﬂsh2

Fath to georeferenced ﬂle|afScrivaniafgrass_esercfrnadszfruadsz.shp Browse...

Define location Cancel




Create a new location - 2

EPSG codes:

W i)

Welcome to GRASS GIS Version 6.3.0

The world's leading open source GIS Insert the name of the new location
Select an existing project location and mapset . )
or define a new location to create (eg UTM_W9584_32N ) ,
Gl3 Data Directory: | /home /luana/grass_es Browsa.. .
T S the path to the EPSG-codes file
(prujecggﬂ;’eccntol-rgicnﬁgnsystem) (dﬁzccte;rsinléileufm (;gs;ltess) create newlgncaaﬂisoer: pembeed

| i — (e.g. ‘proj/epsg’) and the EPSG

code number of the chosen

Geareferenced file |

cesacomss | projection (e.g. ‘32632’).

il Prajection values |

Enter GRASS | Exit |

Mame of new Incatinn|LlTM_wgsﬁ4_32N

Fath to the EPSG-codes ﬁlelfusrfshare.-“prnjfepsg Browse...

EPSG code number of projection| 32633 | Browse..

Define location Cancel

o




Create a new location - 3

A EPSG-codes
EF3G CODES (Tum file: Aasrrshare/prujfepsy)
Wil oran splect FRSG nnde (0 <hrazrs=y ane cnpy it far [ater nse

# Wes 84 S UTM =zone 20N

32623 +proj=utn +zone=29 +ellrs=We5S84 +datum=WGS34 +units=m +no_defs

# WG5 44 / UTM zone dUN

<3ebal)y +proj=utn +zone=s;U +ellps=We554 +datum=WG54d +units=m +no_defs

# WG5S 84 7 UTM zone 31N

<32631y +proj=utn +zone=31 +ellys=We584 +datum=WG584 +units=m +no_defs

# Wiy 84 7 UIR zone 32N

<3Z63Zr +proj=utn +zone=32 +ellps=W6s8d +datum=wGsid +units=m +no_defs

# Wes 84 S UTM =zone 330

12633 +proj=utn +zone=33 +ellrs=WeSE84 +datum=WGS34 +units=m +no_defs

£ W63 84 / UTH wune 34N

32634y rpruj=uln rzune=3d +ellps=WeS84 +dalun=WGSEd +undls=m +nu_dels

# WG5S 84 / UM zone 3EN

<32633» +proj=utn +zone=35 +ellys=We584 +datum=WGS584 +units=m +no_defs

# WoE 84 F UM =onc 36N

¢32633y sproj=utn rmonc=36 1cllpo=WeS8d  dotum=WOE2d iundta-m

# Wes 84 S UTM =zone 3TH

<32637: +proj=utn +zone=37 +ellrs=We5SE84 +datum=WGS34 +units=m +no_defs

#WEs 21 S UM zone 38N

<32633» 4proj-utn +zone-38 +ellps-WeS8d +datum-WGES1 +unitz-m

Search Grah code




Create a new location - 4

Projection values:

7 N
Welcome to GRASS GIS Version 6.3.0 Insert the all the parameters of the

The world's leading open source GIS

Select an existing project location and mapset chosen prOjeCtion (eg ‘GaUSS-Boaga

or define a new location

o | ]
Gl5 Data Directory: | /home/luana/grass_es )
_oowse | Roma40’).

Froject Location accessible Mapsets Create new mapset in selected

{projection/coordinate system) (directories of GIS files) location - TaSSErUT. sh E

Define nesy location with...

Geareferenced file

ERSG codes

Projection values

Exit Help

Name of location,

1 mapset and

database




Create a new location - 5

Creation of the
new location

LOCATION <GE_romaddi - d

===

& grass=rumn:siy

create a new LOCATION. you will need the following information:

nced data '

r= for projections other than
: the default region

Do you hawe all this information? (ysn) [yl !;1.

grass=rumn-sih

n't exist

? (u/n) [yl ull

===

Checking
availability of
information

Insert type of the
coordinate
system

D0
RETURN ta «

b III

grass=run. s

em for location

EEE




Create a new location - 6

rasSerin-siy

Please specify the coordinate system for location <GB_raomad:

WY
Latitude-Longitude

I 0Ot
RETURM to o
||

Other Projection coordinate system? {usn) [ul ull

Insert a
6 description of the
new location

Confirm the choice of
5 ‘other projection’

grass=run. s

Qrass=ran:siy

available projections

Specify the

7 projection name
(e.g. ‘tmerc’)




Create a new location - 7

===

OraSSEr-Ssi

Fleaze enter a one line description for location <GE_romad(:

Specify the datum
name (e.g. ‘rome40’)

available projections

eodetic datum for thiz locatio

Qrasssrin-siy

Select datum
transformation
parameters (e.g. ‘1’
for Italy)




Create a new location - 8

graSSErinEsty

railable pro

tic datum faor thi:

Insert the scale factor at
the Central Meridian
(e.g. ‘0.9996")

Enter the Central
Parallel (e.g. ‘0’)

graSSETOn-siy

ndin 9 HLim her,

: Factor at the Central Meridian [1.f 3396

(ALY |

Enter Central Parallel




Create a new location - 9

Insert the Central

Enter Central Parallel W 1 Merldlan (e.g. ‘9’ for W

zone)

Enter Scale Factor at the Centr

Enter False Easting

13 (e.g. ‘1500000’ for W

Z0Nn e) Enter False

Enter False Northing

Enter Central Meridian +5 I 4 (eg ‘O,)

Enter False Easting [0,00

Enter False Morthing [0,




Create a new location - 10

Enter Scale Factor at the Central Meridian [1,00

Enter Central Parallel | 0 Insert plural fOl'm Of

Enter Central Meridian [96W) 2 1 5 unlts (eg ‘meters’)
Enter False Easting [0 1]z 15 (

=& Maor
Enter plural form

[1

Enter singular for
unit (e.g. ‘meter’)

Enter Central Meridian 19

Enter Fals ing [0

~thing  [0,€
m of uni

e Factor at the Central Meridian [1,

Enter Central Parallel

Enter Central Heridian (96W) & E nter CO nve rS I O n
Enter False Easting [0, 115 0 fEi(:t()r. (EB.QJ. ‘:L’)




Create a new location - 11

grasserif.sh
DNEFIME THE DEFAULT REGION

Definition of the default
region

PROJECTION: 99 (Other Projection)

GRID LUTION

AFTER COMPLETIMG A

alz: Bl
total cells: :

Tl You 3
LOCATION

Do you accept thizs region? (usnd [yl » y




User interfaces

X v.buffer G I S man ag er Shell - GRASS

=/ Creates a buffer around features of given type (areas must contain centroid).
&¢

Sessione Modifica Visualizza Segnalibri  Impostazioni  Aiuto

Options W]\ (defaU|t) 2| B sheln

GRASS 6.3.0RCG (spearfish6o grassdb > v.buffer input=roads@PERMANENT cutput=r|
oads_buffer type=line laye buffer=500 scale=1.0 tolerance=0.

The tolerance in map units: 5

Lines buffers...

10

Building parts of topology...

Building topology ...

825 primitives registered

_| point M line _j boundary _i centroid _| area Topology was built.

Layer number: {layer: integer, optional) and / Or Number of nodes

Number of primitive
1

Eutfer distance in map units: (huffer: float, optional)
500

1 Allow ovenyrite

Mame of input ¥ector map: (input: name, required)
\éé roads@PERMANENT

MName for output vector map: (output: name, required)
roads_buffer

Type: (type: multiple string, optional)

Number of points
Number of lines

Number of boundaries
Number of centroids
Mumber of areas
Number of isles
Snapping boundari

Command Iine ALL vertices : 37397
Registered points = 36572
Nodes marked as anchor : 36382
Nodes marked to be snapped: 198
Snapped vertices : 281
New vertices : 260
Breaking boundaries...
Intersections: 141127 (line 184869)[

1 Run guietly

v.huffer input=roads@PERMANENT output=roads_buffer type=line layer=1 buffer=500
scale=1.0 tolerance=0.01

Run Help | Close |

additional ways of using GRASS.:
e QGIS (with GRASS plug-in)
e JavaGRASS (JGRASYS)



Add vector

Add raster

GIS manager

Launch NVIZ

). GRAS56.3.0RC6 GIS Manager - spearfish60 userl

File Cpnfig Raster Yector Imagen

Yolumes Databases Help

Erase visualization

FEEnEE! K4 e@em

e omy | De

CIEN

Map Layers for Display 1

Raster and vector layers

Visualization options

X MapDisplay 1

HELSE YARG Q5

Zoom to...

Monitor

Display: rows=477 columns=G34 resolution=30 meters

S96214.647 4926763.071




Region in GRASS

A region defines the resolution used for maps and the coordinates of
boundaries (map extents)

e Default: Settings of the working GRASS location
e Current : Is the actual working area and it can be modified by the user

Vectorial modules work all over the vector map
Raster modules work with the current resolution/region
How to modify the region:

e g.region : Changes the resolution and the coordinate boundaries of the
current region.

[ Config -> Region -> Change region settings |]



Vector - Attribute query

Extract interstate (highway) from roads vector map and buffer
interstate for 3km in each direction.

Map Dieplay 1 e - GRASS6.3.0 G'{Si:ilﬂana_ger - spearfish60 userl
Eile Config Raster Yector Imagery WYolumes [Databases Help
1D EEnfl dKd =EmE
pHEe owy  DsE |2

Map Layers for Display 1
tl =] roads @FERMANENT

w P elevation 10m@PERMANENT

Pt
=

Display vectar maps

[

1.00 —
Opague — Transparent

|
Wector map: ﬂ!roads@ﬁmw il @
Display: W Shapes _| Categories i Topology _f Line directions
W Points M Lines W Boundaries W 4reas | Centroids | Fac
1 r

E - |

Welcome to GRASS GIS

Display: rows=477 columns=634 resolution=30 meters BOBE0Z 697 4926703 693 -

Show aftribute data S5EE




Vector - Attribute query - 2

First take a look at the attribute table to get the column name and
value for the interstate road:

Extract only the interstate road:

W5: collecting to file: /home/lnana/qrass_es/spearfishf0/mserl/. tnp/luana-
Laptop/16758. 0. ppm,

@ CRASS_VIDTH=641, CRASS_HEICGHT=4232

.1 Q-pnmcomp in=16758.2 ppm, 16758.3.ppm mask=16756.2.pgm, 1 6756.3.pgm |
ﬂ opacity=1.0,1.0 hackground=255:255:255 width=B41 height=482 E X LG | Nimgely  Selwies e
ouput=Te7sE PO —— 0 ¢ =
Develop map - Selects vector objects from an existing vector map and creates a new map containing anly the
selected objects.
If 'list', *file’ and “where' options are not specified, all features of given type and layer are extracted.
Categories are not changed in that case.

v.extract

dh.select table=roads =/home/luanasgrass_esfspearishB0/PERMANENT/dbi driver=d

Gluery with attributes

cat | Label Gluery with coordinate(s) Options | Output
Olno data Gluery with another map
1|interstate f .
|::> TP oy, hsed surface 1 Do not copy tahle (see also 'new' parametar)
3|secondacy highway, hard surface Buffer vectors _I Reverse selection
4| Llight-duty road, improved surface Lid i " finnut vech . oLt ired
5 |uninproved road | idar analysis B am:a of input vector map {input: name, reguired)
Linear referencin (e
i : - g 1 “‘\( |roads@PERMANENT
MNearest features 5 X .
Save Clear Mame for output wector map: (output: name, required)
MNetwork analysis -1 |mterstate
Owerlay maps 1 Type: {type: multiple string, optional
W point W line W boundary @ centroid @ area W face
Change aftributes -1 .
Layer number: (layer: integer, optional)
Run 1
Run (backgraund) Fun (G | Run (in e} Generate area. for current region |
) Enter-1 to keep original categaries or the desired NEW category value (new: integer, optional)
Generate areas from paints - | 1
CemEED @i Category values: (list: range, optional)
Generate paints -1 |
Input text file with category numbersinumber ranges to be extracted: (file: name, optional)
Remave outliers in point sets .I
=
WHERE conditions of SGL statement without ‘where' keyword: (where: sgl_query, optionaly
|cat=1
1 Allow ovenyrite
I Run guietly T

y, | ¥ extract input=roads@PERMANENT output=interstate type=point line,boundary, centroid, area,face
layer=1 new=-1 where=cat=1

Run Help Clear Close




Vector - Attribute query - 3

5 GHASSE6,310 Gl Manager = spearishoo user | ey o =i

Eile  Confiy Baster Mector Imagery Molumes Databases Help

M EELPEl &Kd =5
pEe Ry DR |F 2
Map Layers for Display 1

] Elinterstate@useﬂ
m [+ ]roads@PERMANENT

o a elevation.] Om@PERMANENT

Wectar map: \é( |inter3tate@user1 1 | @l N
Display: @ Shapes _| Categories | Topology | Line directions
@ Fointz @ Lines @ Boundaries @ Aress _| Centroids | Fac

Point symhbals:  Icon ||basic{circle SizelS =

Draw lines: @ Colar il Width|2 7 (pixels)
Fill areas: 1 Color ] _f Random colors | GRASSRGE column colors
Label vectars: _j lakel Textcolor[ll  Text size IE =

Lahel part to align with vectar pnintlleﬂ v| .Justiﬂcatinnlcenter v|
|

Ed

Assign a line width = 2 and a red
color to the extracted road

Map Display T

Display: rows=477 columns=634 resolution=30 meters BOGT02.697 4924922 5365




Buffer - noiseimpact example

Buffer the interstate road (give buffer in map units which is meters

here --> 3000)

Vector | [magery  Wolumes

Develop map

Datahas

Cluery with aftributes
Cluery with coordinateis)
Cluery with another map

Buffer vectors

Lidar analysis
Linear referencing
Mearest features
Metwork analysis
Overlay maps

Change attributes

Generate area for current region
Generate areas from paints
Generate grid

Generate points

Remove outliers in point sets

=1

Options ml

v. buffer

-+ Creates a buffer around featuras of given type (areas must contain centroid).
¢

S ENE

Mame of input vector mag:

finput: name, required)

=1l
\“.\Q |int,arstate@usarl

Mame for output vector magp:

{output: name, reuired)

interstate_buffer

Type:

Layer number.

(type: multiple string, optional)

@ point @ line _j boundary _| centroid @ area

flayer: integer, optional)

1
Buffer distance in map units:

fhuffer: float, optional)

3000

1 Allow overwrite

w.huffer input=interstated)
huffer=3000 ¢cale=1.0 tol

Run

v.buffer

[  GRASS6.3.0 GIS Manager - spearfish60 userl [;][EJ[&J‘

File Config Raster Vector lmagery Volumes Databases Help

FlESEndl SEd =25

e on s osw|E| L
Map Layers for Display 1

L1 Ellmevstate@usaﬂ

w I interctate_tutsr@user

W [#] roads@PERMANENT

L ] ﬁ elevation.10m@PERMANENT

[E]

Display vector maps
046
Transy
|
vector map: &6 [interstate_bufferouserl il @
Display M Shapes i Categories i Topalogy f Line directions L
W Points W Lines M Bounclaries W Areas | Centroids i Fac

Point symbols:  Icon  |hasic/circle Size |5 3
Drawlines: | Color [l width |1 3 (pixals)
Fill areas: W Cu\w. _J Random colors ) GRASSRGE column colors

Opague |

- ded N { i

ET I

Display: rows=477 columns=G34 resoluion=30 meters

BOS526 916 4911522 074




From vector to raster

Look at the attribute table of vector map ‘landuse’:

= Map Display 1 TETX][0]  GRAS56.3.0 GIs Manager - spearfish60 userl

File Confiy HRaster ¥ector [Imagery Molumes Databases Help

FTLIECCC AT

Bimy W 8|

IDEELnPEl §Kd =%eE

_,' plHe om i DR 2

Map Layers for Display 1

Ji E'interstate@useﬂ

m [F]landuse@PERMANENT

_1 I interstate_bufier@usen

® [ roads@PERMANENT

™~ g elevation. 10m@PERMANENT

i
ol

& Draw lines: @ Color [l Width |1 2 (pixels)
Output - GIS.m =3 (l Fill areas: @ Color 81y Random colors  _f GRASSRGE column colors
Lakel vectars: | label Test color [l Text sizala =

Label part to align with vector pointlleﬂ ~| Justiﬂcat'i'onlcenter |

dh.select table=landuse
datahase=/homesduanalgrass_esdspearfishB0/PERMANENT/db driver=dhf @EI H |

l  Layerfor Iabels|1 Aftribute col for labels|

cat|label Guery vectars for display: layer for query|1
1|residential Quiery cat valuss |
2| commercial and services : i
3|industrial B Use SQL query|
4 | other urban :
E|reservoirs Show attribute dat
b{bafe ‘expnsad irock Save displayed objects to nEWTETTOTTIE T CIYETIE Eristin
Tlquarries, strip mines and gravel pits e SR | 4

8| transportation and utilities I I

| Display: =




From vector to raster - 2

We can create a raster map starting from ‘landuse’ vector map
using the command v.to.rast :

v.to.rast In this case we choose to use the
[ |

|

0]
4
£

\c::,\f\ Converts & binary GRASS vector map layer into 2 GRASS raster map layer. Categ O ri eS Val u eS to Create th e n eW raster
Options | Output |

Mame of input wector map: (input: name, required |— t
3 f[=!
& |[Landuse epzraanEnT
Mame for output raster map {output: name, required)
Landuad |

Source of raster values:
affr - read values from aftribute table
cat - use category values
val - use value specified by value option
Z - use Z coordinate (points or contours only)
dir - output as flow direction (ines anly):

cat j

(use: string, optional)

YR (type: multiple string, aptional)
W point @ line @ area
Layer number: {layer: integer, optional)

1
Mame of column for attr parameter (data type must be numericy: {column: name, optional)
Raster value (value: float, optional) " ,

1 il
Mumber af rows to hald in memary: (rows: integer, optional) |— ﬁ\ L
4006 } Ko
Mame of color definition column (with RRR:GGG:BBE entries): (rghcolumn: string, optional) ’='

v to.rast input=landuse @PERMANENT output=landuse use=cat type=point line,area layer=1 value=1
rovs=4096

Run Help Clear Claze

Display: rows=477 columns=634 resolution=30 meters 608341115 4512935.325

Remark: the result depends on region settings, pay attention to the
resolution!



From vector to raster -

To understand the meaning of the different colours we can add a

legend to the map:

|:|1) realdeniml YoM
|§|2) ‘L\Q refal er\
"Wl industrial
|:|4}‘ cher urban
5 re\s}ervolrs,
BE) bare Mﬁatlged rgéck

DB) transportatfon ord utilities W

7} quarries, \strarp mines cﬁ:ﬁ"g?ﬁvel bi

CEELpED)s

Eile Confily Raster Yeciogessgagery Volumes Databases Help

|| ]:[ GRASS6.3.0 GIS Manager - spearfish60 userl [ _ [ x|

i, Bk 5, 55

fﬂﬁﬁﬂfﬁ@ax @n|§|g

Display: rows=477 columns=634 resolution=30 meters

Map Laye\s for Display 1

— El interstate@usert

Bl ?;] elevation. 1 Dm@PERMANENT

B

~ Display legend for raster map using cat values and labels
1.00
Cipague Transparent
[T
Rastar map: S‘ilanduse@PERMBNENT @l

_ Legend placement and size as 0-100% of display

#,y of loweer left corner (in % from display top leff) |2,100 E place with mo
legend helght |30 3 % wicth 10 %

Legend appearance: text color |brown j legend text font A

1 donot display labels 1 do not display values
number of lines (D=display all) |D S 1 invertlegend

A

interval between categories (integer maps) |1 >
I draw smooth gradient fp maps) with maximum of |5 ﬁ lines

. Display legend for subset of raster values

_I skip categaries with no labels

legend for only these categories |

=

i

595897985 4911560960




Change region settings

Set current region to match elevation.10m map:

Mector |magery Molumes

Confiy  Raster

Datahases

GRASS working environment
Manage projections

Region ke - ______
-~ Display region setlings
~ Change region settings

g.region

F

¥l

Display font
J?| elevation. TOm@FERMARENT

@ Manages the boundary definitions for the geographic region.

Existing IPrint | Bounds | Effects | Resolution | Options | Output |

_| 5et from default region
_| Save as default regian
Set current region from named region:

(region: name, optional)

Set region to match this raster map:

(rast: multiple name, optional)

g‘"elevation. 10nEPERMENENT
Set region to match this 3D raster map (hoth 20 and 3D values):

(rastid: name, optional)

&

Set region to match this vectar map:

(vect: multiple name, optional)

&

Set region to match this Jdview file:

(ddvievy: name, optional)

@)

g.region rast=elevation.10m@PERMANENT

Run Help Clear

Clase




Raster — Slope & Aspect - 2

Calculate slope and aspect from a
DEM

Horizontal angles are counted
counterclockwise from the East

Slopes are calculated by default in
degrees

Baster | Mector Imagery  Molumes

Develop map
kanage map colors

Cluery by coordinate(s)

BEuffers

Closest points

MASE.

fap calculator
Meighborhood analysis
Overlay maps

solar radiance and shadows
Terrain analysis

Transform features

Hydrologic modeling
Landscape structure modeling
Landscape patch analysis
Wildfire modeling

Change category values and labels

Caoncentric circles
Generate random cells

Databases Help

iy EXE [Py oy

£

—  Transparent ﬁ

Cumulative movement costs
Zost surface
Least cost route or flow

Shaded relief

Slope and aspect
Terrain parameters
Textural features

Wigibility




Raster — Slope & Aspect - 3

LSIOpea5pec E@E

Generates raster map layers of slope, aspect, curvatures and partial derivatives from a raster

? map layer of true elevation values. Aspect is calculated counterclockwise fram east.
b

Opfians | Seftings | Advanced |

1 Quiet
Raster elevation file name:

7 -
ﬁllelevatlon. 10mPERMANENT
Output slope filename:

(elevation: string, required)

(slope: string, optional)

Islope_elev_lﬂ
Output aspect filename:
Iaspect_elev_lﬂ

(aspect: string, optional)

1 Allow overwrite
1 Run guietly

rslope.aspect elevation=elevation. 1 0m@PERMAMNENT slope=slope_eley_10
aspect=aspect_elev_10 format=degrees prec=foat zfactor=1.0 min_slp_allowed=0.0

Run Help | Close |

H 5]
S

AL

RORR15 467 4922409 466

r.slope.aspect

¥4

m i
"i‘, 7

Display: rows=1398 columns=1839 resalution=10 meters

B08370.421 4913067.009

aspect

slope



From raster to vector

Map Display 1 = [=]x]

a.‘%ﬁ\ FRQS QL Bwis| F! §|

We can create a vector map starting from
‘streams’ raster map using the command
’; ' r.to.vect :
_9,‘] Converts a raster map into a vector map layer.
B ﬂ’{ Opfions [ Output |
e

1L 1 Smooth carners of area features

Display: rows=1398 columns=1593 resolution=10 meters 60B585.565 4314057 664 _1 ‘Write raster values as z coordinate. Table is not created. Currently supported only far points.

_1 Use raster values as categories instead of unique sequence (CELL only)

1 Do not build vector topology (use with care for massive point export)

Stre amS raSter map 1 Guiet - Do not show progress

Mame of input raster map: (input: name, reguired
lestteams@PERMhNENT

Mame for output vector map: (output: name, required)
Istreams

Feature type: (feature: string, required)
Also in this case you have e g

W Allow averwrite

to check region settings. o
)

| riovect input=streams @PERMANENT output=streams feature=area --overwtite

r. tO VeCt Run Help Clear Close




From raster to vector -

=il O GRASS6.3.0 GIS Manager - spearfish60 userl = | O] x

File Config Raster Yector |magery ‘olumes Databases Help

= .;.-.w\ Qe QLB n@|

Lakel part to align with vector pnintlleﬂ j Justiﬂcatinnlcenter j

Layerfor labels[1 Attribute col for labels|

O EEnBEl  &Kd =HEed
e o | Dew | F L
Map Layers for Display 1
':l B streams @usert
-1 & streams@PERMANENT
E;splay vactor maps
Opague |1_!D_D| Transparent
Vectormap:&'_lgstreams@userl i‘ g
Display: M Shapes _i Categories _ Topology i Line directions
M Points W Lines M Boundaries @ Areas i Centroids 1 Fac
Paoint symbals;  lcon |ba3ic;‘circle Size Iﬁ
Draw lines: @ Color il width H(pl’xels)
Fill areas: @ Color @l 1 Random colars | GRASSRGE column colars
Label vectors: _f label Text culor. Text size Iﬁ
Ny h""--

Query vectors for display: layer for query|1
=

Display: rows=1398 columns=1539 resolution=10 meters G05733.785 4917321 622

L4




Raster — Map algebra

GRASS does map algebra with
r. mapcal c

1L

Simplified version:
r. mapcal cul at or

RBaster | Wector [Imagery Molumes D
Develop map -
hManage map colors -
Cluery by coordinateds)

Buffers

Closest points

A B S

Map calculatar

Meighborhood analysis -
Dwverlay maps -
aolar radiance and shadows -
Terrain analysis -
Transform features -
Hydrologic modeling -
Landscape structure modeling -
Landscape patch analysis -
Wildfire modeling -
Change category values and lahbels -

- i ol




Raster — Map algebra - 2

r.mapcalculator

rmapcalcalator

Compute the difference
between the two raster
maps elevation.dem
and elevation.10m

@ Calculate new raster map from a rmapcalc expression.

Options Clutput

_| Expert mode (enter a set of rmapcalc expressions)

I Do not overstrite existing map
& (amap: string, optional)

allelevation. den@PERMANENT
B [im] MERIDERT Ay 7= 7 GR) 56.3.0 GIS M ger - speal ish60 userl -
ﬂllelevation. {mEPE NT Eﬁﬁ| k Qq&_‘?l Q CE [W%I H & l@m File gonﬁﬂg Raster Wector Imagery Volumes Databases Help
- | | | OEELn@l  &Kd mHmE
% e ons DR E £
I Map Layers for Display 1
D r: i‘ legend for diff_dem_10m@user]
ﬂ I w ﬁ Giff_dem_10m@usert
E:
ﬂ I ﬁ'splay legend for raster map using cat values and labels =
. \ :O_’paque- L Transpar‘en’t
F: [11

Rastar map: ﬁldlffidamilﬂm@uaerl @
Legend placement and size as 0-100% of display
.y of lower left comer (in % from display top lef) |2585 | place with mo
legend height [40 2] % witth [ 2%
Legend appearance: text'culorlm legend text font ﬂ}
I donot display labels _j do not display walues
numher-cffIi'nea;‘(u}diép}ay all) m _1 invert legend
interval betwesn categories (integer maps) W =
1 draw smaoth gredient (p aps) with maximu of [5 3 ines
Display legend for subset of raster values

*|
Formula (e.g. &-B or &*C+B):
|a-B

Mame for output raster map:
diff dem JL0m

Show help:

F E

1 Allmw nwertite

GOB142.196 4921788318

Dizplay; rows=1398 columns=1533 resolution=10 meters

r.mapcalculator amap=elevation.dem@PERMANENT bmap=elevation.1 0m@PERMAMNEMT formula=4-B
outfile=diff_dem_10m help=-

Run Help Clear Close

Ea




Raster — Map algebra - 3

_ Mathematical functions
Logical operators

function description
Operator Meaning Type absix) return absolute value of x
—————————————————————————————————————————————————— acosix) inverse cosine of x (result is in degrees)
I not Lugical asinix) inverse sine of x (result is in degrees)
~ exponentiatinn Arithmetic atanix) inverse tangent of x | result J.E.lﬂ.dEgFEEE:l
% dulus Arithmetic atanix, y] inverse tangent of y/x (result is in degrees)
= ITI[IJ S X X coslx) cosine of x (x 1s in degrees)
/! division Arithmetic double(x) convert x to double-precision floating point
s multiplication Arithmetic evalllx, vy, ..., 1z) evaluate values of listed expr, pass results to
+ addition Arithmetic expEx:I : ex:nn:;tial function of x
- subtraction Arithmetic il T . . .

. floatix) convert x to single-precision fleoating point
== Equal LDglCB-L graphix, x1, y1[x2, ¥2. . ]) convert the x to a ¥ based on points in a graph
= not equal Logical if decision options:
= greater than Logical .1:.FI:x:I 1 .1:.F ¥ not zero, @ nther'w:.se
>= greater than or equal Logical i1, B R R I

1 o Tl ifix, a bl a if x not zero, b otherwise
= £S5 an Dg.'!_Cﬂ ifix,a b, c) aif x =0, b if x 15 zero, ¢ 1f x = 0
<= less than or Equa-l- LDglCrﬂ-L intix) convert x to integer [ truncates ]
&l and Logical isnull(x) check if = = NULL
| | ar Lugica'L %ngﬁx)bj _rL1atur'1£:|'|. 'L:g nfbx
R&S and[1] Logical sleluiig e L R .

. max(x, ¥[,z...]1) largest value of those listed
| | | or[1] LDglCEﬂ. median(x, ¥[,z... 1) median value of those listed
# color separator operator Arithmetic minisx, y[,z...1) smallest walue of those listed

modelx v[,z...]) mode value of those listed
not ([ x) 1 if x 15 zero, O otherwise
pow(x, ¥ x to the power ¥

randla, b) random value x : a <= x <= b
round| x) round x to nearest integer
sinfx) sine of x (x 1s in degreas)
sqrtix) square root of x

tan(x) tangent of x (x 1s in degrees)




Visualization with NVIZ

a

SH NQQd Q&

™Map Dicplay

{Start Y12 using active layers in current reginnﬁ-‘-f_

]
File Appearance Visualize Scripting
|

DRAW Clear | Cancel |

Automatically render display: &

Show features: Main features.. — | Decorations., — |

View method: ¥ eye nr CEOLEE s flY NONE.
Look
here
‘center Se
o |2.aes
top F
reset ]

perspectivel43.ﬂ twist -7.0

e,

Mesrcentar of vieiw has beeh set




Other GRASS functionalities

Import/Export

Vector/raster analysis
Rasterization / vectorization
Overlay

Queries

Geometry management
Map algebra

Neighborhood analysis
Interpolation

Network analysis

Datum shifting

Solar radiance & shadows
Terrain analysis
Hydrologic modeling
Wildfire modeling

LIDAR analysis
Geostatistics

Optical image processing
3D analysis



Network analysis

e Methods:

e Find shortest path along vector network — road navigation -
V. net. path

e Subdivide a network in subnetworks (iso-distances) — how far can | go
from a node in all directions - v.net.iso

e Find optimal connection between nodes (Minimum Steiner tree) 2>
V. net. stei ner

e Traveling salesman problem - v. net . sal esman

o efc...

e Allows to work with values in a attribute table



Interpolation methods

e Interpolation of vector maps in order to create rasters
[ Raster -> Interpolate surfaces ]

« 2D inverse distance weighted - v. surf.i dw

« 2D reqgularized splines with tension (with cross-validation)—> v. sur f . r st

« 3D regularized splines with tension (with cross-validation) - v. vol . r st
 Bilinear and Bicubic splines with Tychonov regularizator - v. surf. bspl i ne
« 2D/3D kernel densities - v. ker nel

« Kiriging, predictive models (R-Stats)



Volume processing

GRASS is able to process and display volumes (3D voxels)

Functionality:

e 3D Import/Export

e Interpolation with 3D regularized
splines with tension

e 3D Algebra

e Volumes visualization with NVIZ:
|so-surfaces and profiles




Import/Export data

e GRASS always import the complete map
e Exports raster maps within the current region
e Support a lot of vector and raster formats:

Vectorial (v.in.*, v.out.*) Raster (r.in.*, r.out.*)

. OGR: ESRI Shapefile, UK .NTF, * GDAL: Arclnfo, CEOS, DOQ, DTED,
SDTS, TIGER, S57, Maplnfo File, ENVI, Envisat, Erdas Img/LAN,
DGN, VRT, AVCBin, REC, Memory, FAST, (Geo)TIFF, HDF4, SAR,
CSV, GML, KML, ODBC, Pgeo, SDTS, ecc...
PostgreSQL/PostGIS, OGDI, ecc... « ASCII

- Arcinfo EOO . Bin: binary, BIL, GMT, ecc...

+ ASCI . Matlab file

+ DXF . SRTM




Who's using GRASS?




Document license

This work is released under a 'Creative Commons License'
http://creati vecommons. org/licenses/by-sa/ 3. 0/

®
©

Attribution. You must attribute the work in the manner specified by the
author or licensor (but not in any way that suggests that they endorse
you or your use of the wark).

Share Alike. If you alter, transform, or build upon this work, you may
distribute the resulting work only under the same, similar or a
compatible license.
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