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License

This presentation is licensed under the Creative Commons License CC

BY-NC-SA 4.0. According to CC BY-NC-SA 4.0 permission is granted to ® @ @
share this document, i.e. copy and redistribute the material in any @
medium or format, and to adapt it, i.e. remix, transform, and build

upon the material under the following conditions:

* Attribution: You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that suggests
the licensor endorses you or your use.

* NonCommercial: You may not use the material for commercial purposes.

* ShareAlike: If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original.

* No additional restrictions: You may not apply legal terms or technological measures that legally
restrict others from doing anything the license permits.
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Brief overview of GRASS

Some history

* Developed since 1982, first version as GRASS in 1985

Licensed under GPL since 1999

Written in C, but portable (and already ported) to many platforms

Homepage: https://grass.osgeo.org

Short movie about GRASS (1987) narrated by William Shatner (Capt. Kirk!)
https://www.youtube.com/watch?v=U3Hf0gl4JLc (14:27)

MS-Windows

GRASS I



https://grass.osgeo.org/
https://www.youtube.com/watch?v=U3Hf0qI4JLc
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* GRASS commands (or modules) are generally thematically grouped
according to prefixes in the command name
Intro . .
* They can be used either from the command line, or the GRASS GUI, or from
GRASS modules
GRASS DB QGIS
Running GRASS ,
GRASS Command Overview
New setup
Running modules prefix  |function class type of command example
Test data d.x display graphical output d.rast: views raster map
Help d.vect: views vector map
db.* database database management db.select: selects value(s) from table
g.* general general file operations g.rename: renames map
i* imagery image processing i.smap: image classifier
ps.* postscript map creation in Postscript format ps.map: map creation
r.* raster raster data processing r.buffer: buffer around raster features
r.mapcalc: map algebra
r3.* voxel raster voxel data processing r3.mapcalc: volume map algebra
4 vk vector vector data processing v.overlay: vector map intersections
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GRASS modules

Typical raster operations

Vectorization

— rto.vect

— r.contour (creates contour lines)
Digitalization

— rdigit

Creation of buffers

— r.buffer

Classification

— r.reclass, r.recode

Map algebra

— r.mapcalc, r.stats, r.neighbors, ...
DEM creation and analysis

— interpolation (IDW, spline, ...)

— slope, aspect, shaded relief maps, etc.
Surface cost analysis

— r.cost, r.drain

Specific analyses (astronomy, hydrology;, ...

— r.sun, r.watershed, ...

soils in mopset PERMANENT

510 15 20 25 30 3 40 45
X-AXIS: Cell Values
Y-AXIS: Number of cells in thousands

50
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GRASS modules

Typical vector operations

Rasterization

— vto.rast, ...

Digitalization (with input of attributes)
— v.digit

Creation of buffers

— V.buffer

Classification and attribute management
— wv.reclass, v.category

Overlay

— v.overlay, v.patch

Network analysis

— v.net.xxx (several modules)

Interpolation
— v.voronoi, v.delaunay
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* Point — 3Dpoint NOTA BENE: Unlike shapefiles, in GRASS
 Centroid different vector entities can co-exist in the
Intro e Line same layer!
GRASS modules Node
GRASS DB * Boundary
Running GRASS * Area (boundary + centroid)
New setup .
Running modules Face (3D area)
Test data * Kernel (3D centroid) -
ode
Help  Volumes (faces + kernel)

Node

Vertex
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NVIZ is a 3D visualization
module within GRASS for 2D/3D
vector, raster and voxel data




<3
TUDelft
3Dgeoinfo

Intro

GRASS modules
GRASS DB
Running GRASS
New setup
Running modules
Test data

Help

GRASS “database” structure

In GRASS, all datasets are stored inside a single folder called the "GRASS Database"
and they are further divided into PROJECT(s) and MAPSET(s).

* A PROJECT is a folder containing all data having the same projection and —
possibly — region (see later).

— Please note: up to GRASS 8.4, the PROJECT folder was named LOCATION, with the name
changed to PROJECT since version 8.5

A MAPSET is a folder of a PROJECT containing thematically similar data. Mapset
PERMANENT is always present and read-only!

— One PROJECT can have multiple MAPSETSs.

— Each MAPSET contains files and folders of maps in vector or raster format (2D and/or
3D)

* The REGION defines the size and the resolution (cell size) of the work area
— First defined upon creation of the PROJECT, but can be changed later
— Each MAPSET can have its own region
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GRASS “database” structure

Database Project/Location Mapset

l grassdata l I nc_spm I lPERMANENT

usa albers

world_lat_lon

Maps
Inew_highway raster elevation ]
landcover I

vector streets

buildings

3D raster soils

temporal landsat

l wake county

Image source: https://grass.osgeo.org/grass83/manuals/grass_database.png
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Running GRASS - GUI

@ world_a
File Settings

s 3|

Data

aster  Databa

se Temporal Help

BIERe[ 80

=8 || Map Display 1 x

5%/ 8QQULR Vire

Q Search

c 1

() world_latlong_wgs84

/| PERMANENT (current)
/" country_boundaries

Data
catalog
tab

‘gagugi

Layers.

=8

Co %050 wt M /|

country_boundaries@PERMANENT

Layers tab

d.vect map=country_boundaries@PERMANENT

3|

171:47:25.95W; 41:57:34.05N

S T Y Yy YT L

2D/3D Map display

- x
Tools =8
Q Search € | | Advanced search...

Import, export and link data

GUItools

Tools/
Console/
Python
tabs
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Running GRASS — Command prompt

* In the background, minimized, there is aways a window with the command
prompt.

* It can be used to type GRASS commands directly, too

GRASS GIS 8.5.0

Starting GRASS...
WARNING: Concurrent mapset locking is not supported on Windows

P S VAR I

VA Ay A iy o B NS \ VN

AV o S S R by S oy |

| S B A A
Welcome to GRASS 8.5.0
GRASS homepage: https://grass.osgeo.org
This version running through: Command Prompt (C:\WINDOWS\system32\cmd.exe)
Help is available with the command: g.manual -i
See the licence terms with: g.version —c
See citation options with: g.version —x
If required, restart the GUI with: g.gui wxpython
When ready to quit enter: exit

Launching <wxpython> GUI in the background, please wait...
Microsoft Windows [Version 10.0.26200.8893]
(c) Microsoft Corporation. ALl rights reserved.

D:\gagugiaro\Documents>|
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* When launching GRASS for the first time, it will load the default Location

"world_latlog_wgs84" where you can find a map layer called "country _boundaries"
Intro showing a world map in the WGS84 coordinate system

GRASS modules * If you know the CRS of your data or study area, you can fill EPSG code or description,

SEQ\?%%??ASS and Location Wizard finds appropriate CRS from a predefined list of projections.

New Setup et R . Map Display 1
Running modules —
Test data

H eI p Mapsets (subprojects). All data in one Location is in the same coordinate reference
~ system (CRS).

GRASS GIS helps you organize your data using Locations (projects) which contain

You are currently in Mapset PERMANENT in default Location world_latlong_wgsg4
which uses WGS 84 (EPSG:4326). Consider creating a new Location with a CRS specific to
your area. You can do it now or anytime later from the toolbar above.

Create new Location

¥ (@ /home/linwe/grassdata
* @ world_latlong_wgss4
+ [l PERMANENT (current)
" country_beundaries
' mysites

Data | Display Modules Console Python

13 d.vect map=country_boundaries@PERMANENT 12:54:14.43W; 5:14:56.72N Canrdinakac A Render
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Adding sample datasets

* You can easily install sample
datasets

* Click on the "Download
sample location to current
GRASS database" button and
select the desired sample
datasets. Here, for example,
we choose Spearfish and
Slovakia3D precipitation
voxel data set

b4

File Settings Raster Vector Imagery 3D raster

e s  FEHEROLe

Data

Database Temporal Help

8

G/  BRQQ IR V%

Q. Search

C:\Users\GAGUGI-~1\AppD.
() world_latlong_wgs84

-] PERMANENT (current)
LA country_boundaries
D:AGRASS

ocal\Temp\grass8-gagugiai

Location Download

Select sample lecation to download:

Complete NC location

Complete NC location
Basic NC location
Waorld location in LatLong/WG524

Spearfish (5D) location

Piemonte, ltaly data set

Slovakia 3D precipitation voxel data set
Fire simulation sample data
GlSMenters location, Czech Republic
Matural Earth Dataset in WG584

o
L

Map Display 1 3¢

-------
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W world_latlong_wgs84/PERMAMNMENT

File Settings Raster Vector Imagery 3D raster Database Temporal Help
Intro : : o s | (T : fOp o=
GRASS DB Data _ ~ B | Map Display 1
Running GRASS %/ BQQ LRV | IR "y
New Setup Q- Search @ E - °
Runmng modules C\Users\GAGUGI - 1\AppData\Local\Temp\grass8-gagugia:
Test data B slovakiald_grassT
Help -l PERMANENT

{Z:_Z} spearfish_grass70data_0_3
PERMANENT
* Once installed, you will see a 1 user?

—
. (. world_latlong_wgs84
new Io_cat|ons called DAGRASS
slovakia3D_grass7 and

spearsish_grass70data_0_3 i-:_’

15
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Defining a customized GRASS data folder

* Itisagoodideato set up . _
our own folder where to
Ztore your GRASS data. A=l -bel I = Ph,
+ Click on the "Add existing or \2\@ BQQUIMV; R "Be P LN &Sl e Hmem
create new database" and f::‘”w‘iif.?aé‘iwti""““‘“” Pl
choose a folder (here, for T e _
example, D:\GRASS) e BN
* You will be immediately « >t v e

requested if you want to add
a project/location

This folder is empty.

* If you have the necessary
information, you can proceed .
* Alternatively, you can also 3 % % 5

copy/paste an already e .
existing location s
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Adding a new GRASS location

* Click on the "Create new
project/location in current
GRASS database

* Choose a name (e.g. Delft)
* Optionally add a description

* Optionally select which GRASS
database to use (e.g. The
previously set D:\GRASS)

=
[ ]
-

¥

File Settings Raster Vector Imagery 3D raster Database Temporal Help
s D BHRO L

Data =a

G/ BRQQUIMNS Il

Q> Search

C:\Users\GAGUGI~

(75 slovakia3d_grass7

-  PERMAMNENT

(T3 spearfish_grassT0da

-1 | PERMANENT
A userl

(7 world_latlong_wgs84

D:AGRASS

<

Layers

& (%% % %

country_boundar

\Local\Temp\grassB-gagugiai

Define new GRASS project

Map Display 1 3¢

Define new GRASS project

Marne:

hewProject

Description:

Project will be created in GRASS database:

D:\grass_data

Help

=

(optional)

Change

Cancel
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Adding a new GRASS location

You will be asked to provide the needed
parameters

The easiest way is to choose the first
optio and to select the CRS from a list
of EPSG codes

You can type the code or a string and
you can then pick the desired CRS.
Here, for example 28992 for the NL

Accepts the standard settings and...

File Settings Rester Vector Imagery 3Draster Database Temporal Help

@)g':_‘ @ﬁ@‘#' BP -:c

L ~B1| [ Map Display 1 x

CAUsers\GAGUGI~ 1\AppData\Local\Temp\grass8-gagugial|

(3 spearfish_grass70data_0_3
PERMANEMT
AL user?

() world_latlong_wgs84
D:AGRASS Select Coordinate Reference System (CRS)

(@) Select CRS from a list by EPSG or description
() Read CRS from a georeferenced data file

(O Create a generic cartesian coordinate system (XY)
Additional methods:
(O Specify CRS using WKT string

| (O Specify CRS using PROJ4 string

Select CRS from 3 list
Filter by EPSG code or deseription: | Q, 28992

Code Description Parameters

28992 Amersfoort / RD New +proj=sterea +lat_0=52.1561605. |

Help < Back Mext > Cancel

& & / S]] AV : T S @ OYID O QR E
2%/ RAQALKY HrI RN =R PCPOR Gy ePEPell

A
[FRLA
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File Settings Raster Vector Imagery 3D raster Database Temporal Help

ts @ EHRO GRS

Lo " O | [ Map Display 1 3¢

intro 66/ BRALRG [Lrr
GRASS modules Q- search :

GRASS DB You have successfully created a new Location Delft.

Currently you are in its PERMAMNENT Mapset which is

. used for storing your base maps to make them readily
Runnlng GRASS available in other Mapsets. You can create new Mapsets
for different tasks by right clicking on the Location

New setup e

1 To import data, go to the toclbar above or use the
Runnlng mOdU|eS buttons below.
Test data Import vector data Import raster data @
H I Ch\Users\GAGUGI~1"\AppData‘Local\Temp'grass8-gagugiaro-

e p 0 slovakia3d_grassT

w-{ PERMANENT
() spearfish_grass70data_0_3

* ...the new project/location, with the ] PERMANENT

i userl

defalt PERMANENT mapset will be (© vt afong st

created I PERMANENT (curend -
* You are now offered the option to

directly import new data (to the

PERMANENT mapset), or you can

alternatively create a your own mapset

19
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Adding a new GRASS mapset

* Click on the "Create new mapset in

current project/location" button and
set the name of the new mapset. Here,

for example, "dtm"

' Delft/PERMANE

File Settings Raster Vector Imagery 3D raster Database Temporal Help

83 D BE2D LS 3O

Data 0| [ Map Display1

56/ RQQLMVere | R

Q~ Search @ :
Ch\lUsers\GAGUGI~1\AppDatatloca plgrassB-gagugiaro-
(0 slovakia3d_grass7
-l | PERMANENT

() spearfish_grass70data_0_3
[ | PERMAMENT

N user]
(3 world_latlong_wgs24
D:AGRASS
) Delft

L[| PERMANENT (current)

Name for the new mapset:

dtm |

oK Cancel
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* A new mapset is then added
k-

° Please note the "current" Suffix |t File Settings Raster Wector Imagery _3D|‘a:ter Database Temporal Help
Intro reminds you of the mapset you are 283 HBH@DLS SO
. . . . Data =8 .
GRASS modules currently workingin, i.e. Allmaps you will - 7272 = "o oo m Map Display 1>
GRASS DB : N 6%/ MQQUIM Vole [ [R5 g
) create will be written in the current Q- Semrch : R
Running GRASS mapset!
. CAUsers\GAGUGI~T\AppDatatLocal Temp'grass8-gagugiaro-
NEW Setup -:j::j} slovakia3d_grassT
Running modules -] PERMANENT
l:Z_;I spearfish_grass70data_0_3
Test data -l PERMANENT
E user]
Help (5 world_latlong_wgs24
D:AGRASS
0 Delft
----- dtm (current) -
/[l PERMANENT

21
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¥

L4 Once you have selected Which File Settings Raster Vector Imagery _EDleitE\ Database Temporal Help
e s @EHBD GO GO

mapset to work on, you can — e
Intro import data (vector or raster) 28/ BUGLEY | wge s S50 LB e T
GRASS modules by clicking on the proper G e oy oL
GRASS DB "Import raster data" or "Import - s seos
Running GRASS vector data" buttons © s sy
New setup _ picnes S| ] e
Running modules * Here, for example, we decide | D dm et S

(®) File (O Directory (O Database () Protocol

Test data to import raster data. A
. . . File: ‘ D:\gagugiaro\Documents\ Teaching\GEQ1002-2023\Assignments\Assignment_1\delft\ahn'ahn3x5.tiff Browse
Help window will open asking for
the details. Here we import a Lo st s gt ko st
Layerid Layer name Projection m... Name for output GRASS map (editable)

till file containing the DTM of a T st No
portion of Delft

* Set the options and then click <
on "Import" & % % G 0% (o |

Override projection check (use current location's projection)
[ Allow output files to overwrite existing files
[ Add imported layers into layer tree

[ Close dialog on finish
Ean
-

Source settings | Import settings
-
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* The file will be converted into a GRASS raster layer, added to the current mapset, and
visualised in the Map Display

@ Delft/dtm - GRASS GIS
|ntro File Settings Raster Vector Imagery 3D raster Database Temporal Help
GRASS modules e d  JBHRD LD
=0

GRASS DB oae _ | Map il 1 x|
Running GRASS ﬁ%{f’ RGQQLEV; Eﬂ@l TS Y e N B
New setup

Ch\Users\GAGUGI~1\AppData‘\Local\ Temp'grass&-gagugiaro-

Running modules s.Iovakiaid_grass?

w1 PERMANENT

Test data s.pearFish_grassTOdata_O_E
Help el usert

DAGRASS
Delft

E|LL dtm (current)
' ahn3x5
L PERMANENT

23
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* When working in GRASS, it is s Tmpwl Hlp
FUNDAMENTAL to set the [WapDipin x|
Intro computational region correctly. Ry Be P PR HE g Lo V]
GRASS modules Whatever operation you will carry out, it
GRASS DB will be done only within the boundaries
Running GRASS of such region
New setup ..
Running modules * The region is displayed by means of a
Test data red boundary in the map display
Help * It can be set and adapted according to

your needs

No red boundary visible, the
region is not set correctly!

24
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Setting the GRASS computational region

You can set the region from the GUI via
Settings\Computational region\Set
region

A command GUI will open. For example,
you can set it to the extents of the
previously imported DTM map (it is just
an example!)

& Delft/dtm - GRASS GIS

File =Settings Raster Vector Imagery 3Draster Database Temporal Help

E Computational region > Show current region  [g.region -p]

;)aia GRASS working environment > Show region using latitude and longitude [g.region -pl]
Map projections > Show current region extent in Map Display

\’% . Set region [g.region] "
Addons extensions y : A

Q-

Be— Preferences

o

CAU —_
5 slovakia3d_grass7
PERMANENT
() spearfish_grass70data_0_3
-l PERMANENT

userl
(7 world_latlong wgs24
D:AGRASS
© Delft
E dtm (current)
-‘E ahn3x5
PERMAMNENT

)

-gagugiaro-

& g.region

$’ Manages the boundary definitions for the geagraphic region.

Existing Bounds Resolution Effects Print Optional Command output | * | ¥
[ Set from default region (d)
[ save as default region (s)
Set current region from named region: (region=name)

7]
[multiple] Set region to match raster map(s): (raster=name)

v ‘

Set region to match 3D raster map(s) (both 2D and 3D values): (raster_3d=name)
[multiple] Set region to match vector map(s): (vector=name)
Close Run Copy Help

[[] Close dialeg en finish

g.region raster=ahn3x3@dtm
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Setting the GRASS computational region

* Now you can see the current region as a red boundary around the selected raster

layer

W Delft/dtm - GRASS GIS
Intro File Settings Raster Vector Imagery 3D raster Database Temporal Help
GRASS modules e QIBHRD GO
GRASS DB = =
Running GRASS %/ BAQ LRV ‘

Q~ Search %]
New setuP C:\Users\GAGUGI~1\AppData\Local\Temp\grass8-gagugiaro-
Running mOduleS () slovakia3d_grass7

-l PERMANENT
TeSt data () spearfish_grass70data_0_3

w-{l/ | PERMANENT
Help 07 usert

(D world_latlong_wgs84

D:\GRASS

() Delft

E)l dtm (current)

o L. ahn5x5

26

Red boundary is visible,
the region is set
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In general, nearly every GRASS module has

an associated window GUI. The name of
the module is written on the top of the
window

All user-defined parameters and flags can
be set manually

Once you are done, you simply press the
"Run" button

You can see (and copy) the full command
with parameters and flags in the bottom
part of the window. This is useful for
learning how parameters are set, and to
use the command in scripts to automate
the process

* For help, simply press the "Help" button

Working with GRASS: Module windows

¥, Generates raster maps of slope, aspect, curvatures and partial derivatives from an elevation raster map. Aspectis

Required Cutputs Settings Optional Command output  *_* Manual

Mame for output slope raster map: (slope=name)

‘yuur_slupe_map_name V|

Marme for output aspect raster map: (aspect=name)

‘yuur_aspect_map_name V|

Mame for output profile curvature raster map: (pcurvature=name)

| ]
Marme for output tangential curvature raster map:

(tcurvature=name)

(dx=name)

(dv=namel

Close Copy Help

[] Add created map(s) into layer tree
[[] Close dialog on finish

V|

Ir.s\ope.a;pect --gverwrite elevation=ahn3x5@dtm slope=your_slope_map_name aspect=your_aspect_map_name
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Working with GRASS

There are different, alternative ways to launch and run the GRASS modules:

a) Using the GUI drop-down menus (the names of the modules are also
suggested) with mouse and/or keyboard

b) Double clicking on the module name in the Tools tab
c) Writing the module name (with, optionally, parameters) in the Console tab

d) Writing the module name (with, optionally, parameters) in the Command
shell

e) Writing Python code in the Python tab

f) Writing Python code in the Python code editor

g) From within QGIS + GRASS Plugin (not recommended)
h) A combination thereof
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¢
File Settings Raster Vector Imagery 3D raster Database Temporsl Help
‘K& QIEHROLA O
I ntro Data =8 Map Display 1 x Tools. =t
& & = Yee gyl Vel ; - o o oA Q Search Advanced search...
s/ BQGE LK Vale R ow RS PR LA

Q> Search Import, export and link data

Manage maps

GRASS modules

PERMANENT
spearfish_grassT0data DD a ta @ Computational region
& PERMANENT &)--Raster
user! i Vector
world_latlong_wgs84 ®--Imagery
' catalo 2D/3D ools
Running GRASS LR
=l dtm (current) &--Temporal

Console/
Python
tabs

New setup Fwee tab Map

v

Running modules |... = .
g rxenea . o display

Test data .
Help

Help Run...

Layers tab

durast map=ahnSx5@dtm

-80420.22; -17370.86 Render Tools | Consale | Python

29
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Working with GRASS

w Delft/dtm - GRASS GIS - a X
File Settings | Raster | Vector Imagery 3Draster Database Temporal Help
4§ . Develop rastermap > &
2 — Msnage colors > =
Data. Tools =g
—— Query raster maps >
& & — o = Q Search Advanced search...
< < I Map type conversions 3 = %A1 ( ) A
A e 5 34 3 bd be i =g g L [20view =
i Raster buffers and distance > [
mll PERMAN Mask [r.mask] Manage maps
Computational region
Raster map calculator 5 Y th G U I t
£ a) You can use the menus to
: Neighborhood analysis 5 Vector
Overlay rasters > . Imagery
. open the GRASS module window and e«
Database

Terrain analysis
Transform features
Hydrologic modeling
Groundwater modeling
Landscape patch analysis

Wildfire modeling
Change category values and labels

Generate randem cells
Generate surfaces

Interpolate surfaces

Reports and statistics

vawhat - Queries a vector map at given locations,

W

Generate contour lines [r.contour]
Cost surface [r.cost]

Tracea path [r.path]

Cumulative movement costs [rwalk]
Least cost route or flow [r.drain]
Compute shaded relief [r.relief]
Apply shadeto raster [rshade]
Slope and aspect [rslope.aspect]
Landforms [r.geomorphon]

Terrain parameters  [rparamscale]
Textural features [r.texture]

Visibility [r:viewshed]

Distance to features [r.grow.distance]

Horizon angle [rhorizon]

Temporal

set the parameters by hand

& rslopeaspect - [m} X

. Generates raster maps of slope, aspect, curvatures and partial derivatives from an elevati
¥ raster map. Aspect is calculated counterclockwise from east.

Required Qutputs Settings Optional Command output *.* Manual

Name of input elevation raster map:-

jahn3x5@dt - |
o5 i 3

(elevation=name)

This is an example of a
GRASS module window GUI

[ Close dialog on finish

rislope.aspect elevation=ahn3x5@dtm
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Working with GRASS

' Delft/dtm - GRASS GIS

File Settings Rester Vector Imagery 3D rester Database Temporal Help

g HBedao| e Ve
Data - - B || Map Display 1 5
Intro VA ECTLYAW Py

PERMANENT A

GRASS modules
GRASS DB
Running GRASS m

New setup

Delft
rslope.aspect -

=] dtm (current)

B ahnsxs

PERMANENT

' Generates raster maps of slope, aspect, curvatures and partial derivatives from an elevatiq
raster map. Aspect is calculated counterclockwise from east.

Required Qutputs Settings Optional Command output *.* Manual

Name of input elevation raster map:” (elevation=name)

\ v

5.52; -17249.37

partial derivatives from an elevation raster map. Aspect is calculated counterclockwise from east.

A
T e

b) You can choose and double click

the module from the Tools tab. The
GRASS module window will open as
before

Render

- o x
Tooks =a
Q, Search Advanced search
&l Raster -~

®

Develop raster map

&

Manage colors

&

Query raster maps

&

Map type conversions

@

Raster buffers and distance
Mask  [r.mask]
Raster map calculator

&

&

Neighborhood analysis

&

Overlay rasters

®

Solar radiance and shadows

Terrain analysis
Generate contourlines [r.contour]
Cost surface [r.cost]
Traceapath [r.path]
Cumulative movement costs [rwalk]
Least cost reute er flow [r.drain]
Compute shaded relief [r.relief]
Apply shadeto raster[r.shadle]

Slope and aspect[rslope.aspect]

Tools | Console | Python

brted on Win

[ Close dialog on finish

rislope.aspect elevation=ahn3x5@dtm
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Working with GRASS

c1) You can write the module name
in the Console tab. Two options:

& ‘I'-\’C b i /|
'+ ahnx5@dtm JiR

-73217.45; -1T700.63

: ith h
°
e et e 0 Do et Without parameters (as shown
s s QERERO LSO _ . :
- : here): the module window will -
Map Display 1
& & = g Ava E = [l ® D ORI T () (W EA
Q'C;?:h‘ BRGLEYele IInr " gepLrRRAME s Towm - appear as before
& PERMANENT ~
) spearfish_grass70data 0.3
& PERMANENT
o userl
) world latlong_wgs24
DAGRASS
© Delft
I dtm (current) slopeaspect _ 0 x
=087 ahn5xs
PERMANENT rates raster maps of slope, aspect, curvatu dp artial derivatives from an elevati
v \VtrmpApt\Hd (\kwf ast.
< > Required Qutputs Settings Optional Command output *.* Manual
Laye =8 Name of input elevation raster map: (elevation=name)

>
ahn5<5@dtrm| - gr——
rslope.aspect
S—
Press Tab to display command help, Cirb+Space to autocomplete
Save Export history Clear
Tools | Console | Python
~
Copy Help
[ Add crea
[ Close dial
rslope.aspect elevation=ahn5x5@dtm
v
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3D raster Dmh:; Tsémpme\ >)-<E|F
] E .
Intro Ty c2) You can write the module namein ™
R WP AR ARE R e -

GRASS modules . the Console tab. Two options:

G RASS DB f I:E;’:/TANEN'T Mf ¥
Running GRASS
New setup Mo

<

Running modules ... =

(% % % (o @ By /|
Test data T - —
Help

* With parameters (as shown here):
the module will be executed
immedialtely

aspect it aspect=aspect

Press Tab to display command help, Ctrl+ Space to autocomplete

Save Export history Clear

-80038.38; -19627.15 (1 Render Tools | Console = Python

g.remove completed

33



<3
TUDelft
3Dgeoinfo

Intro

GRASS modules
GRASS DB
Running GRASS
New setup
Running modules
Test data

Help

34

Working with GRASS

@ world_latlong_wgse4

&-{[] PERMANENT
£.4/" country_boundaries

DAGRASS

@ Delft v
< >
Laye =8
[ersgrery F
ol 0% 50w (% [

durast map=ahn3x5@dtm

&

E:"\ERASS:-P.:-.IU[JE.a:-pex:tl

& Wy \‘E cfﬁ

-73293.21;

-13434.90

P = T Y ( A
H PR SE fe 1 =g g L 20view

& rslope.aspect
G

aster maps of slope, a = : urval and partial derivatives from an elevatig

4 trmpApt caleulated ¢ kw fnmat
Required OQutputs Settings Opticnal Command output *.* Manual
Mame of input elevation raster map: (elevation=name)

v

d) You can write the module name in
the Command shell. Two options: =5

» Without parameters (as shown here):
the module window will appear as
before

* With parameters:.the module will be
executed immedialtely
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v
&8I BHR0 (e
|n tro Data =B |[ Map Display 1 x
- = 7 i BV — = =
2/ RQQLER VS PRI 2 S P YID0 LR LS G G [ovien v

GRASS modules _—

@ world_latlong_wgséd

G RAS S D B e
country_boundaries

D:\GRASS

Running GRASS w0 ‘ S

New setup g e) Writing Python code in the Python tab

Running modules 2 |
&% % N % e ® O Ve

Test data —

Help

Simple editor Clear

-72520.21; -12480.02 [ Render Tools | Console | Python

35
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¢
File Settings Vector Imagery 3Draster Database Temporal Help
%I EHAEDIES® GO

Dﬂrta - - - - =8 Display 1
%/ RQQALMRVLe R a e PPN NAsE ST om
Qp Search -

userl ~
() world_lstlong_wgsad
=] PERMANENT

L./ country_boundaries
D:AGRASS
() Delft e o .
: f) Writing Python code in the Python editor

PERMANENT vl |
< -
Layers File Run Templates Examples Help
eBBE G s & > O
.1 #!/usr/bin/env python3

z
import grass.script as gs

g.remove completed

@

3
4
5adef main() :
6
7
8

if name

“main()

[ Render

# gs.run command('g.region', flags='p')
gs.run _command('r.slope.aspect’,

elevation="ahn5x5@dtm",
slope='slope’,
aspect="aspect',
overwrite = True)

' main ':

Python
Welcome to wxGUI Interactive Python Shell 0.9.8

Type " or more GRASS scripting related information.
Type " ('map_name')" To add raster or Vector Lo the layer
tree.

Python 3.9.5 (tags/v3.9.5:0a7
1628 64 bit (AMDE4)] on
e ", meopyrigntn,

ormation.

Simple editor

Tools | Console

Python

Clear
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* There is a useful manual providing all information on scripting GRASS with Python
available at: https://grass.osgeo.org/grass85/manuals/libpython/index.html

Intro — Check for the correct GRASS version in the URL: grass83, grass84, grass85, etc.
GRASS modules l

) | @ Getting Started — GRASS Pythc X |+ ~ - [u] b

GRASS DB O c @ @ ey s e e b B ® G v Search 0 5 © ‘
Running GRASS @  GRASS Python Docs e

New setup Gelsares ToohAPl  ScipWGAPI  PYGRASSAPI Tempora Famewok  eylerAPl  Tesing  Excepons

Running modules
Test data orass Pynen ocs Getting Started ot o comenes

grass package Getling Started

Hel p grass.ools package Additional Resources
Scripting API Python, a widely used general-purpose, high-level programming language provides a powerful scripting interface. Being easy-to- Modules and Packages
PYGRASS API use yet powerful, it enables users to efficiently exploit the capabilities of the GRASS software. Python scripts for GRASS can be Show Source
grass jupyter package written at high level (GRASS modules) as well as at low level (GRASS libraries) through a dedicated interface. The graphical user
grass exceptions package interface and the GRASS Temporal Framework are entirely written in Python.

grass.imaging package B _ _ N N B
A set of packages is provided to the user in order to provide functionality at various levels:
grass.pydispatch package

Temporal Framework » grass.tools package provides Python interface to launch GRASS tools in scripts
Testing Framework « grass script package provides additional tooling to use GRASS in scripts

« PyGRASS is an object-oriented Python Application Programming Interface (API) for GRASS which uses the GRASS C APl as
backend but additionally offers a convenient interface to the GRASS modules

e GRASS Temporal Framework implements the temporal GIS functionality of GRASS and provides an API to implement spatio-
temporal processing modules

» grass jupyter package offers classes and setup functions for running GRASS in Jupyter Notebooks
« Testing GRASS source code and medules using gunittest package

= grass exceptions package contains exceptions used by other packages

= grass imaging package is a library to create animated images and films

37 » grass.pydispaich package is a library for signal-dispatching
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Working with GRASS: From QGIS

* Check that the GRASS plugin is installed and running!
* Select Plugins\GRASS\Open Mapset to configure GRASS in QGIS

Q *Assign_2_GRASS_GIS_Intro - QGIS
Project Edit View Layer Settings MBI Vector Raster Database Web Processing Help

D . E . @ &% Manage and Install Plugins... . ‘: . ‘\f; . &a a @ - ‘ﬁgﬁ ﬁ

& Python Console Ctrl+Alt+P
},c’ > r Open Mapset
- | New Mapset
p. % l@' | B Close Mapset
Layers B % Open GRASS Tools
- n_@ .. Y [F1 9 ¥ Ld | }y| Display Current Grass Region
& v @ archsites A GRASS Options
V| — roads
ﬂ-) V| = streams 1
— T mm . e
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Laye

Browser
LRY®O
» [ gagugiaro
~ 3 GEO1002
» [ Assignment_1
~ [ Assignment_2
~ [ grass_data
v [ delft
[ slovakia3d
[ spearfish
[ trento
¥ delft
& slovakia3d
& spearfish
» & geol002

B ~ & PERMANENT
" archsites
Browser

«

<

EBPADEY D OESFH PR DS

(v~~~

¥ aspect

°" bugsites
¥ bugsites
¥ density

" elevatinn 10m
| 1legend entries removed.

r

| Q Type tolocate (Ctrl+)

H®R 2B &@

GRASS Tools: spearfish/geo1002

Modues | Region

= @ = : D ¥ o[

B®

‘ @dose mapset ‘

(2] Fiter |

~ GRASS MODULES
> | shell
GRASS shell

Location | spearfish

Mapset | geo1002

» Create new GRASS location and transfer data into it
» File management

» Region settings

» Projection management
» Raster

» Vector

¥ Imagery

» Temporal

» Database

» Convert coordinates

» Help

ook || cencel |

GRASS tools

Coordinate |591420,4935668 |\ Scale|1:107506 |~ | (@ Magnifier | 100% [2] Rotation [0.0° |2] V! Render

@ epsci6713 @
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Working with GRASS: From QGIS

(Q Assign_2_GRASS_GIS_Intro - QGIS
Project Edit View Layer Settings Plugins

NEERRR
Y :
% [

| Layers
WO|¢ s ®ve-a0
Q‘ V| @ archsites
V| — roads
ﬁ) V| = streams 1
~ V| @ elevation.dem
ﬁ W 1066
( 12505
1453
hé4 1646.5
p | BB
[P
Browser
o QRY®TO
-
e » [ gagugiaro
~ [ Geot002
ﬂ\( » [ Assignment_1
3

> 5 Assignment_2
-5 grass_data
¥ [ delft
slovakia3d
spearfish
trento
delft
slovakia3d
spearfish
W g9eo1002
. PERMANENT
* " archsites
¥ aspect
" bugsites
¥ bugsites
¥ density

5 _elevatinn 10m

«

-
[}

»
»
»
»
»

«veeeD

B
=
*
z

| Q Type to locate (ctrl+) |

Raster

Vol % A4

B®

Database Web Processing Help

B R-R/RR-V: LL AT

GRASS Tools: spearfish/geo1002

o X
H® B &@
= @ 5 Q¥ L E -
@®
Modules | Region . ‘t' 1'@005&"‘”5&'

: | Fiter

~ GRASS MODULES
shell
GRASS shell

Create new GRASS location and transfer data into it
File management

Region settings

Projection management

Raster

» Develop map

 Manage map colors GRASS tools
~ Spatial analysis

Buffer

Mask

Map algebra

Neighborhood analysis

Overlay maps

Solar and irradiation model

Terrain analysis
B - costcoord

. B costost
. BT rcostvect
r.drain
Trace a flow through an elevation model
N clict
r.slope

Create slope raster from DEM (digital elevation model)
raspect

I I 4 Y

Line-of-sight raster analysis
2 T cgrow.distance
[l Create raster of distance to features in input layer

il Generate raster of cumulative cost of moving between locations b...
Bl Generate raster of cumulative cost of moving between locations b...

Bl Generate raster of cumulative cost of moving between locations b...

> | rparam.scale
Extracts terrain parameters from DEM
e ' A rtedure
*6(’“ q‘nr_‘ = "', Create raster images with textural features fro...
i - AT rtexturebis
&5 & D £ @P. Creste rasterwith textural features from raster..
rviewshed

Coordinate |609004,4907384 | ¥ Scale | 1:144649 |~ | (@ Magnifier | 100% 15\ Rotation | 0.0 ° |2| VI Render @ eEpsGi26713 @
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Working with GRASS: From QGIS

@ *Assign_2_GRASS_GIS _Intro - QGIS - [u] X
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
=N=N: = e/ o = 7 - N OB B & @ 2
DEEBRRRY VR%X4ARB%- R @KR-V:-& BQV. 4R liklitrcsead R 2 W
: . 9 2 =]
A |l
@ Layers e GRASS Tools: spearfish/geo1002 8®
— Modues Regon @ - [@] [@)ciose mapset
Module: r.slope
Options | Output | Manual
ﬁ) —— Name of input elevation raster map
e el elevation.dem @PERMANENT ) || O
n 204828462982178 — C
B 27.310461730957 S o
B 32.130077163663 &8 > Name for output slope raster map
o) Il 40.9656925964355 [ ) = e
> Wl 47.268106842041 ® =
}a . 52.5201187133789 - . { ‘) { 2
v VI levation.d:
IP o 8 ™ L << Hide advanced options
( W 1066
e 1259.5 3
1) 1453 - D & Format for reporting the slope
= 1646.5 R o & .
1] ﬁ o b & Degrees -
Pl i ex Z 2 e
~ BRTHO R
~
A » [ gagugiaro = 3y ‘:J’f
~ 3 GEO1002 4 N\ N~
& » [] Assignment_1 . o
V- = Assignment_2 b b S
i a Module window
v [ defft 2 ~
» [ slovakia3d = - .
v [ spearfish
» [ trento
j » g delft
@ » g slovakia3d
¥ ¢ spearfish
» W% geol002
~ » PERMANENT
" archsites
o s
z bugsites =
¥ bugsites Run View output Close
= density
v 5 clevation 10m = )
Q Type to locate (Ctrl+) Coordinate |608507,4924261 | W Scale | 1:144649 |~ | (@ Magnifier | 100% 2| Rotation [0.0° 3| V/Render @ epsGi6713 @
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GRASS test data

There are many sample datasets to learn GRASS, to “play around” and get used to how

the program works. For example:

North Carolina

— LOTS of data in all formats

Spearfish (South Dakota)

— Contains raster e vector data

Spearfish imagery

— contains satellite imagery

Slovakia3d

— contains grid3d data (voxels)

[
15
% fnix

=an i

Spearfish (SD) sample data location

ston

I ad\;%k"ﬂa
1 KERGh D.C.

acksonville

Download from https://grass.osgeo.org/download/data/
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3Dgeoinfo

* GRASS manual: https://grass.osgeo.org/learn/manuals/
* GRASS wiki: https://grasswiki.osgeo.org/wiki/GRASS-Wiki

gg&ss il e GRASS tutorials: https://grass.osgeo.org/learn/tutorials/

GRASS DB

Running GRASS

NeW Setup 5] | @ GRASS - Bringing advanced ge- X + v - o xw‘
Running modules ENS St © G v o5 e =
Te st d ata Follow us on . Support us through

Help 0 GRASS ABOUT US ~ DOWNLOAD ~ LEARN ~ SUPPORT ~ CONTRIBUTE ~

GRASS

Bringing advanced geospatial technologies to the world

43
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Help with GRASS modules

* Run the module name with "--help" or "--h" in the Console window or in the
Command shell

* From the module window, click on help button

* Refer to the GRASS online manual, where you find
help for each module (see next slide)

Example: r.slope.aspect --help

s rslope.aspect [raster, terrain, aspect, slope, cunvature] - [m]
Generates raster maps of slope, aspect, curvatures and partial

'/, derivatives from an elevation raster map. Aspect is calculated
counterdockwise from east.

Required Outputs Settings Optional Command output -:-Manual

NAME

r-slope.aspect - Generates raster maps of slope, aspect, curvatures
and partial derivatives from an elevation raster map.
Aspect is calculated counterclockwise from east.

KEYWORDS
raster, terrain, aspect, slope, curvature
SYNOPSIS

r.slope.aspect
r.slope.aspect --help

£

Enter parameters for 'r.slope.aspect’

ext

Previous Ne
Close Run Copy @
[ close dialog on finish

>

w




<3
TUDelft
3D0geoinfo

Intro

GRASS modules
GRASS DB
Running GRASS
New setup
Running modules
Test data

Help

45

Help with GRASS modules

f Quick Introduction

» How to start with GRASS GIS
« Index of fopics and keywords

« Intro: projections and spatial transformations

« FAQ - Frequently Asked Questions (Wiki)

« Graphical index of functionality

.

rGraphicaI User Interface

o wxGUI
« wxGUI components
+ wxGUI toolboxes

« GUI commands
Display

« Display commands manual
« Display drivers

\

p
General

« GRASS GIS startup manual
« General commands manual

Addons
» Addons manual pages
Programmer's Manual

« Programmer's Manual

\

(Raster processing

« Intro; 2D raster map processing
« Raster commands manual

.

(3D raster processing

« |ntro; 3D raster map (voxel) processing
« 3D raster (voxel) commands manual

\

p
Image processing

« Intro: image processing
« Imagery commands manual

\

Vector processing

« Intro: vector map processing and network analysis

( Database

« Intro: database management

« Vector commands manual
« GRASS ASCII vector format specification

.

« SQL support in GRASS GIS
« Database commands manual

\

Temporal processing

« Intro: temporal data processing
« Temporal commands manual

\

f Cartography

« PostScript commands manual
« wxGUI Cartographic Composer

p
Miscellaneous & Variables

« Miscellaneous commands manual
« GRASS variables and environment variables

( Python

« GRASS GIS Python library documentation
« PyGRASS documentation
« GRASS GIS in Jupyter Notebooks

\
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Dr. Giorgio Agugiaro

g.agugiaro@tudelft.nl ~
3D Geoinformation Group TUDelft
TU Delft 3Dgeoinfo

The Netherlands
https://3d.bk.tudelft.nl/gagugiaro
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