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SEXTANTE Overview « soxmnie .}‘:ﬂ

r—

« SEXTANTE ("Sistema EXTremeno de ANalisis TErritorial" in Spanish)

« GIS library written in Java: an extensive set of geoprocessing
modules.

 Developed under the auspices of the government of the Spanish
autonomous region of Extremadura

* has evolved into an all-purpose solution and continues to cover new
fields of application, such as ecology and archaeology

« Usable as extension in many open source Java GIS
(such as gvSIG, uDig or OpenJUMP)

Functionality

 Hundreds of modules provide raster and vector data processing tools,
tabular data analysis and diagrams

« Speciality: WPS support and link to the GRASS GIS geoprocessing
modules

http://www.sextantegis.com/
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http://www.sextantegis.com/

By Victor Olaya

SEXTANTE History SEXTANTE .2

r—

The SEXTANTE project was launched in 2004 with the main goal of
developing a GIS solution specially designed for the needs of regional
goverment foresters.

» first version based on the German software SAGA with 190+
algorithms

 in the following years gvSIG became a full fledged GIS, including
new features such as support for Web services

« Sextante was migrated to gvSIG in order to enrich its functionality
especially for analysis

 The import/export routines and other from the management layer
are used from gvSIG to avoid duplication
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SEXTANTE Overview «soomie w4

File Show Wiew Layer Shalom  Window  Help
D HsssEL ¥aaas
& View : Untitled - 0
7 mot25 asc - Butfers
] %7 Classification EJ---QIculus tools for raster layer

2 curvature | Raster calculator
B t--Cost, distances and routes

[ 7 vertical curv: - -Focal statistics

E:
E:

L[] %7 Horizortal cur|  B-Fuzzy logic
[=h-Geomorphometry

Functionalities
Name |[Mew model] ° pattern anaIySiS
[yt « hydrological analysis

----- Change Ve|# ES

----- Ordered Wt Raster layerl o geostatistics

E}---Algorithms

e

----- Corvergen
----- Curvatures|

----- Elevation- - Predictive . .
----- © typsome -8 rocane « geomorphometry and relief analysis,

----- Landfarm __ ' . . L P H
-l | I - \ - « including visibility and profiles

..... Slope [=}--Bas ic hydrological

S || - . « analysis and calculation of raster layers
= Radusofff | = Flow accu ) h ; -
crmmrel | @ e wertecs » fuzzy logic _ |
vt [ i * rasterization and interpolation
__________ @-Location fallocatioff M iitatacenna = . . .
0] e e * image processing and analysis
Dy 2 e emion ol ipws procesres | | | » vegetation indices
s el i - hydrological analysis

-'j

[EPsG:2z030

Features L —

» Graphical user interface and command line

* geoprocessing manager

» a batch processing manager

 a model generator (modeller)

* history of commands executed by the user so
that the processes can be repeated easily.
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By Victor Olaya

SEXTANTE SEXTANTE W}
Architecture “

GRASS SEXTANTE WPS
algorithms algorithms algorithms

GIS app

(gvSIG, OpenJUMP,
uDIG, ...)
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SEXTANTE SEXTANTE
Architecture

By Victor Olaya

GRASS SEXTANTE WPS
algorithms algorithms algorithms

» Dialogs for executing algorithm are created
on-the-fly from algorithm requirements, so
GIS app the GUI and the processes are completely

(gvSIG, O UMP, i
gus!G, Gpenl independent.

« This guarantees that all dialogs follow the
same criteria and have a similar
appearance, making it easier for users to
understand them
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By Victor Olaya

SEXTANTE - GRASS SEXTANTE \,;;.f
Integration: How it works
AVd

« Each call to a GRASS command is wrapped as a
SEXTANTE algorithm

* Such call can be used in any of the graphical components
of SEXTANTE

 Each user-seen algorithm involves calling several
GRASS commands:

* Importing data into GRASS into an , on-the-fly“ session
* Processing of data
« Exporting and opening results in the GIS app (gvSIG etc)

v.edit --interface-description

<?xml version="1.0" encoding="UTF-8"?2>
<!DOCTYPE task SYSTEM "grass-interface.dtd">
<task name="v.edit">

Markus Neteler, 2011: GRASS GIS and Sextante

Quarte Giornate ltaliane di gvSIG, Udine, Italy

<description>
Edits a vector map, allows adding, deleting and modifying selected vector feat
</description>
<keywords>
vector, editing, geometry
</keywords>
<parameter name="map" type="string" required="yes" multiple="no">
<description>

Name of vector map to edit
</descrintion>



SEXTANTE
=-Basic concepts '. 'ﬁ--*'! :
..... i ' i I-
Intraduction SEXTANTE .’ -
----- SEXTANTE toolbox e
----- Batch processing
----- Models
----- Command line
..... History NAME
----- Installing grass... v.extrude - Extrudes flat vector object to 3D with defined height.
C-GRASS
---Raster (r.®) KEYWORDS
E-Veckor (v.¥)
vectar, geamet 30
=-Algorithms E V.
#-Basic hydrolegical analysis SYNOPSIS
[#-Basic tools For raster layers
- Buffers v.extrude
-Calculus tools For raster layer v.extrude hEI_P ) )
i-Cost, distances and routes v.extrude [-t] input=name output=name [zshift=fioaf] [elevation=name] _
-Focal statistics [height=fioaf] [heolumn=name] [type=siring],string,.. ]] [layer=infeger] [--overwrite]
) [--verbose] [--quiet]
[#-Fuzzy logic 1)
[#-Geomorphometry and terrain analysis Flags: 'E' >
- Geostatistics C©
o
F-Image processing -t é w
- Indices and other hydrological parameters| Trace elevation n GC)
-Local _sl:al:isl:il:s _ --0Verwrite -8 o
#-Lecationfallocation Allow output files to overwrite existing files © =
[+-Pattern analysis --verbhose N d
#--Profiles Verbose module output Ox
-Raster categeries analysis --quiet % <>m
F-Raster creation tools Cluiet module output é bo)
[+-Rasterization and interpolation O o
N N i - ° C
[-Raster layer analysis Parameters: — ©
[+-Reclassify raster layers i (__5
_ (@]
[+--Statistical methods input=name ~N =
i Table tools Name of input 2D vectar map o3
- Toels For line layers output=name % g
- Tools for point layers Name aof resulting 30 vector map Yol
i#-Tools for polygon layers zshift=rfioat Z0
- Tocls For wector layers Shifting walue far z coordinates v o
. ]
- Topology Default 0 % E
+-Vectorization elevation=name T3
#-Vegetation indices Elevation raster far height extraction = O
& Visibility and lighting | [height=rioat




SEXTANTE - GRASS = =0
Integration: Modeller

A4

g e
v surt idwa -l | Mame |watershed modelling | Group | Calculus tools far raster layer -
; r.surf.random
1 r.ierraflow
r.ierraflow. short Tr
r.iexture DEM ““-—u____‘_‘
4> r.hin -
S rfillnulls
riopids
riopmadel
riopmodel (helewvation)
riopmodel (depression
riopmodel (direction r.fill.dir
<4y riopmodel (topid) : &
g r.contour i © ©
r.uniwar - 4;< =
i <55 r univar sh Raster layers I o -
rwolume elevation "rfill.dir: direction” from Process 2: rfill. dir - g GE)
iy rwalk depression[optional] [IMot selected] - % g
rowater outlet flowloptional] [INDI selected] ‘,] o
30 rwatershed e 200
0 rweatershed (accurmulat disturbed.land[optional] [INot selected] - : O &G
g rowatershed (hasiny hlocking[aptionall (INot selectedi ol o &
rawatershed (drainage) Options é 5
<30 rwatershed thalf basin threshold 1a00 = O o
rawatershed {ength.slof— .. C©
%3 rwatershed (slope.sted max.slape.length [100 A : r__c
rowatershed (stream) COMVErgence |5 [v] g B
rowatershed fvisual) E mermary |300 [,.] -
vector (v.¥) 1= o ) ) _ ) [N ] E 4(%’
] | v (-f) SFO: single flow direction, MFD: multi... |Mo T E
_ | | [ search ] {-<) Allow anky harizontal and wertical flo. [ND v] E "q-’) o
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SEXTANTE - GRASS
Integration: Modeller

SEXTANTE

Modeler

---Statistical methods
---Tahle tools

---Tuuls for line layers
---Tunls for point layers
---Tnnls for polygon layers
---Tnnls for vector layers
---Tupnlugv
L‘i}--h'ecturizatiun

Raster laver to
_ Yectorize raste
(- Wectorize raste
[#}-Wegetation indices
[#}-Wisibility and lighting
= GRASS
L‘i}--Raster {r.*)

b ' r.average
r.basins. fill

@ r hilinear

{0 r hitpattern
|

B

| |[ Searc

Inputs ; Frocedures )'{_

Mame |Watershed madelling

| Crougp |Ca|u:u|us tools for raster layver

%

DEM |

r.fillnulls

Parameters \". Faster output "'.

v

Watershed modelling

-Inputs
Raster layers
DEM \wake_elevation.tif -
-Outputs
cantour_lines 1omwector] |,fhl:lmefmarku5f|:|:unt|:|ur5_10m.shr:I [ ]
hasins[vector] |fhome/markus fwake_watersheds.shp ...}

ok ||

Cancel ]B
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SEXTANTE - GRASS -« =0
Integration: Modeller

Note: Partially functional in gvSIG OADE 2010, more to come
in (near) future...

Modeler
---Statistical methods -3 Mame |Watershed modelling | oroup |Ca|u:u|us tools for raster layer [vl
---Tahle tools
---Tuuls for line layers
---Tunls for point layers B
---Tnnls for polygon layers + .
E#-Tools For vector layers DEM |~ @
...Topnhg,_,, r.fillnulls
E--Wectorization
= Cantour lines \
= Raster laver ta p
o Yectorize raster
(- Wectorize raster il die | N 9
[#}-Wegetation indices c >
[#--Wisibility and lighting - © ©
roontour | Y — =P
=-GRASS E<J
Z--Raster {r.*} wn GCJ
= 7 r average T35
gy o hasing fill @ % )
3 v bilinear rowatershed (basing | v~
30 r bitpattern il \; 6 O
o E| [¥] mU>7
| | [earen ] g5
Wectorize raster layer (pokgons) ©
Inputs . Procedures | 2 GC)
— ©
[ew] [save] [open] =
~ =
~ O
|
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[CR=
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GRASS GIS:
Geographic Resources Analysis Support System

Free Software GIS (“software libero”):
@ Developed since 1982, under GPL since 1998 \\/
@ GRASS master Web:

http://grass.osgeo.org

@ Portable: Versions for GNU/Linux, MS-Windows, Mac OSX,
etc

@« Sample data for download (free North Carolina dataset)
@ Mailing lists in various languages

» Commercial support available
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http://grass.osgeo.org/

The early days of open source GIS:
pre-internet times...

- 1987: William Shatner narrates ...

construction nlat aca ey

engineering EeESEiss= et smmvase
research

laboratory

Q
T >
S ©
x =
SR mER m GC)
s
ST S D
ase; distribution unlimited. !) d
On
— )
I35
-
1 97 8: M OSS CERL's Michael Shapiro, Jim Westervels, and Bill Goran, recipients of :: L_U
the 15t GAIA Award (photo by Brenda Johnson, USACERL, 3/90). O B
1982: GRASS GIS R
o7
O £
RS
Z0
1990 1992 1994 2004 2006 v o
1 1 1 vu 1 1 > ELZ *%
Open GI_S Open Ggospatlal 23

Consortium (OGCQC) Consortium (OGQC)



GRASS GIS: Functionality

geospatial data integration
« import and export of data in various formats, coordinate systems transformations
and projections, transformations between raster and vector data, 2D/3D spatial
interpolation and approximation
2D/3D raster data processing

« 2D and 3D map algebra, surface and volume geometry analysis, topographic
parameters and landforms, flow routing and watershed analysis, line of sight,
insolation, cost surfaces, shortest path, buffers, landscape ecology measures,
correlation, covariant analysis, expert system (Bayes logic)

2D/3D vector data processing

« multi-attribute vector data management, topological digitizing, overlay, buffers,
vector network analysis, spatial autocorrelation, summary statistics, multivariate
spatial interpolation and approximation, Voronoi polygons, triangulation, SQL

image processing

« processing and analysis of multispectral aerial and satellite data, image
rectification and orthophoto generation, principal and canonical component
analysis, smap classification and edge detection, radiometric correction

visualization

« 2D display of raster and vector data with zoom and pan, 3D visualization of surfaces
and volumes with vector data, 2D and 3D animations, hardcopy postscript maps,

modeling and simulations

* hydrologic, erosion and pollutant transport, fire spread, temporal data support, time
stamp for raster and vector data, raster time series analysis

links to Open Source tools

* QGIS, R-stats, gstat, ZOO-WPS, Paraview, GPS tools, GDAL/OGR, PostgreSQL,
MySQL, gvSIG-Sextante, ...
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GRASS GIS: Interoperability - Import

OGC Web Services / Files
WMS, WFS, ...
S: S: _,.-"'f
r.in.wms r.in.gdal
v.in.wfs v.in.ogr
\ / db.in.ogr
r.in.ascii ———
= v.in.ascii
v.in.db
v.external v.in.garmin
v.in.ogr v.in.gpsbabel
v.in.db AN
Y
PostgreSQL
SQLite GPS

SHAPE
GeoTIFF
Airitule dala

cat |sollname | area

1 Rao 2430176

2 Wo 134261001

3 Au 433044 .4

4 Gr 466433.7

5 PG 1193449

Tables, CSV files
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GRASS GIS: Interoperability — Export

OGC Web Services Files
WMS, WFS, ... -~
AN P
PyWPS r.out.gdal
Mapserver v.out.ogr
r.out.pov Fﬁ_ﬂ__jluut.asci.i_ —
< v-out.pov v.ﬂuzzscu
r.out.vtk v.to.
Renderne F3-0Ut-‘-f;t{k Hv.c}ut.dxf -
Paraview, POVRay v.out.vt / \
v.out.ogr QGIS
v.to.db
¥y

PostgreSQL

SQLite

-

GPS

SHAPE
GeoTIFF

Afinbube daia

cat |sollname | area

Ro 243017.6

Wo 134261001

Al 4330444

G AB6433.7

LU I I L

FhC 1183449

Tables, CSV files
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Visualization: GRASS data export
to Paraview and Povray

Stereo rendering in
Paraview (www.paraview.org)

Povray rendering (www.povray.org): adding clouds and haze
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http://www.paraview.org/
http://www.povray.org/

GRASS: Raster and 3D vector

Elevation model combined
with extruded 3D buildings;
also true 3D vector supported

| Trento, Italy

Optional: KML export for
virtual globes

Markus Neteler, 2011: GRASS GIS and Sextante

Quarte Giornate Italiane di gvSIG, Udine, Italy



GRASS: geocoding of historical maps

EGRASS 6.1.cvs — Monitor: x0 - Location: historical_roveredo_xy

0. 1)

historical rovespabobdSy (mog O ] 2 tho_rovereto (mag

i

i v

réigret01785

oul e thod —>

GRASS GIS and Sextante
Quarte Giornate Italiane di gvSIG, Udine, Italy

Markus Neteler, 2011



GRASS: geocoding of historical maps

C NVIZ
Eile Fanel Scripting

(= e ]
Help

B

IEW center of view has been set

E =
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GRASS: Project database (Location)

wizard
© . DefinemewGRASSLocation

Choose method for creating a new location

¢ Select coordinate system:

Select EPSG code of coordinate system

Use coordinate system of selected georeferenced file

Use coordin ~  Definemew GRASS Lacation

Create cust

Summary
Use arbitrar
GRASS Database: (homejneteler/grassdata

Location Mame:  italy

Projection: EPSG code 3003 (Monte Mario [ Italy zone 1)

PROJ.4 definition: +proj=tmerc +lat_0=0 +lon_0=8 +k=0.9996 +x_0=1500000
+y 0=0 +ellps=intl +units=m +no_defs <=

List of datum transfermations

Datums (select to see description): |2 v

Used in Italy (Peninsular Part) 1
towgsB84=-104.1,-49.1,-9.9,0.971,-2. 1,-11.68
Accuracy 2-4m 2
3
4
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GRASS: Geospatial modeller

rodel

Ble sSettings Help

28 S %R AEEISBVvEIBEB@GO

(1) db.select i5) g.region

(2) g.mapset
_{'LEJ sloupec in %sloupce splitl" ",'|>

. inputfoutput
[2) win.cgr vzarky
(7] rmask

(4) db.execute

[8)%method == ‘idw'

: aLtput
LU chs %sloupec_ %rok

[]4 dbexacute db.execite input=/homeafmartin/grassdata/ne_...

1% gragion f.region --owenwrte rast=rmask2006 res=10 =]

_8
c >
% g
- Condition n GC)
I%methnd == idw' -8 O
© =
- List ef iterms in ' block n e
. 1] | Marme Command I 6 9
W tems | wvarzkbles | command output 14 dbexecute db.execute input=/hemeafmartin/grassdata/ne_... ] wn "Q
|Cunditicn:%metho == liclw ]S gregion g.regien --overwnta rast=mask2008 res=10 n o
L []& loop Condition: cloupec in 2%sloupce.cplt(* ") é o
[]7 rmask rmask -r O o
visurfidw wvisurfidw -n —-overarite iInput=wvzorky output=c.., — %
EXtra bonus. - List of iterns in 'else block 5' JT:U
' I | Mamea command N =
export to Pyth OonNn sC ri pts []1 dbselect db.select -c sql=SELECT id FROM farrms WHER.., [=] f _8
[12 grmapset g.mapset - mapsat=yvracow % g
[]3 win.ogr win.agr -o --averwrite dsn=pP&:dbname=prefar... 40-)1 B
Z0
~ ©
© S
=0

Egancal | @QK |



More GRASS GIS Features

s GRASS GIS

=y ~| &l*.|++|ﬁ>|;9|;:aj_|_| | Lg[®] powe ]

| JFI%ICEIrIrlrll | Al = EARIEII0) Topological

Digitizer

k (el GRASS GIS Map Display: 1 - Location: nc_spm_08 @ o & | w &t Strumenti visualizzazione 30 & &
< [ < | | g, | E ¢§¢ ;: é;—: éé J/I‘\' | [ﬁ; [ E,S [ = ||'V\sta 3D v Wista || Impostazioni

- - N Altezza: Z-exag:

& O |

] E M .
\. [Jeoo ¢ | 10 ¢

s
Frospettiva: Curva:
OpenGL — e
p Zoom & | sopra 3‘| \ Resetta

based 3D
viewer:
nviz 3D

| ' Coordinate 3'|| ] \a"lsualizzaJ"
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Viewshed analysis with GRASS

New, extremely fast viewshed algorithm (yet in GRASS-Addons): r.viewshed

! Comparisononab5bm
& Lidar based DEM (left
# map) - calculation
4 time:

. - common command:
r.los: 4.5h

- rewritten:
r.viewshed: 18 sec

Viewsheds include
Earth curvature

Viewshed from
Dos Trento

Markus Neteler, 2011: GRASS GIS and Sextante

Quarte Giornate Italiane di gvSIG, Udine, Italy



Lidar data analysis in GRASS GIS

. Multi-return
Sgs Lidar data

Available Methods:
cell based statistics
binning

spatial approximation
smoothing

Use cases:

- topographic analysis

- Feature extraction (Separation DEM/DSM)

3D point cloud
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Tiger mosquito project @ Fondazione E. Mach

Using GFOSS at its best...

Scarse meteo-stations or dense MODIS LST maps?

Interpolation of meteo data likely complicated due to complex alpine
relief: Data density and micro-climatic effects

. Temperatura [°C] 19.04.2010 ore 00:00 UTC+1
W ) Dati rilevati presso le stazioni meteo Numero di osservazioni = 72

AAAAAAAAAA

Official temperature map
from meteo model
(number of stationens
variable, data access
limited)
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Overcoming the clouds ZE
problem in satellite based
land surface temperature data S s

Approach:

Relationship temperature -
elevation: gradient method

Elevation model —» LST

MODIS LST: Temperature-Elevation relationship
24 June 2003, 10:30

1 2 LST = -0.00448 * elev +
31.44971
% R? = 0.6344

" 100 km E 7

MODIS LST/Terra, 24 June 2003, 10:30 solar time e
. . . 27 T~
Missing pixels due to '-

clouds, aerosol, haze, ... 2 4
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Results of MODIS LST reconstruction

Original MODIS LST map, Second and third filter step

QA map used as filter ap I|ed fo MODIS_ map
- scs
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Neteler, M. 2010: Remote Sensing, 2(1), 333-351



Results of MODIS LST reconstruction

Second and third filter step
applied to MODIS ma Reconstructed MODIS LST map
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Parallelised GIS Processing

Infrastructure:
FEM-GIS Cluster

« 12 single-blades and 2 double-blades
* |n total 300 nodes with 600 Gb RAM
« Circa 2 Tflops/s

* Linux operating system, blades
headless

blade0l | blade02 blade03 ade ade blade06
Fri 24 Oct | Fri 24 oct | Fri 24 oct | Fri 24 Oct | Fri 24 oct | Fri 24 Oct | Fri 24 Oct
1:48 08 | 1:48 08 | 1:48 08 | 1:48 0 | 1:48 0 | 1:48 o8 | 1:48 o8

EH%MZT% < Hw -
- GRASS GIS and b Gl L o = e

E
{

28% 7% 12% "ﬂﬁ‘ a%l. 16% I 15% .
| v
Ty 1 e e PR
R-Stats ' crur | cpul | cPrun | crui M cPul ¢pul P cpul
5‘3|6| 17% 9% 14% 1% Ilﬂ%
i |
: ok L i i |
' cruz | cpuz | cruz | cruz Ycpuz Y cpruz | cpuz
 Queue system for job [ e et e o PR o
TR 9 T POR P AT ISt
CPU3 CPU3 Y cPu3 Y cPu3 Ycrus | cpus
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maps in parallel: one m%—?—_a—%—%— @
map per node ! ] L — ' Proc |' Proc | Proc y
. . D sz lﬂT%M Y=o Y| ok | GRASS GIS
« Computational time: m—wﬁﬁ%%%

' 110 [ EtHD e [ £tH0 e [ EtH0 e P D | = Eth0 - Ff = EthD =

3 weeks with e e e e e e e
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LST Applications: Tiger mosquito survival

Aedes albopictus survival maps from reconstructed
Daily MODIS Land Surface Temperature maps

Terra-MODIS LST
' & (2000-today)
Aqua-MODIS

LST -
(2002-today) January temperature
0 »  thresholds (2001-2009)
>
©
c
GIS based [
MODIS LST Daily LST maps 2 Annual temperature
reconstruction (1)(13538 £ thresholds (2001..2009)
13:30 O
. 22:30] w»
solar | 8
time n
T ~ p» Growing Degree Days
(2003..2009)

Neteler, Roiz, Castellani, Rizzoli,
in review.
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LST Applications: Tiger mosquito survival
today...

Highly suitable
Maoderately suitable
| Unsuitable

90 km

Figure 3. Potential and current distributional areas of Ae. albopictus. Overlap of both indicators (JanT™®*" LST==0°C and AnnT™**" LST
= =11"C) were plotted for the period 2001-09 and integrated in a final map with 3 categories (see methods). Red spots represent the presence and
green spots the absence of Ae. albopictus.

Roiz D., Neteler M., Castellani C., Arnoldi D., Rizzoli A., 2011: Climatic Factors Driving Invasion of the Tiger
Mosquito (Aedes albopictus) into New Areas of Trentino, Northern Italy. PLoS ONE. 6(4): e14800
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LST Applications: Tiger mosquito survival

Highly suitable
Maderately suitable
| Unsuitable

50 km

Figure 4. Potential distribution of Ae. albopictus in an A2 scenario for 2050 (see text). Overlap of both indicators (JanT™**" LST +1.5°C and
AnnT™ " LST +1°C) were plotted for the study period and integrated in a final map with 3 categories (see methods).
doi:10.1371/journal.pone.0014800.g004
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Roiz D., Neteler M., Castellani C., Arnoldi D., Rizzoli A., 2011: Climatic Factors Driving Invasion of the Tiger
Mosquito (Aedes albopictus) into New Areas of Trentino, Northern Italy. PLoS ONE. 6(4): e14800




"~ Conclusions

« Sextante and GRASS provide complementary functionality
* The integration is becoming smooth

« gvSIG user can now easily use GRASS' capabilities without
changing their environment

« Powerful toolsets for empowered people!

SEXTANTI

WV

Special thanks to...

 Victor Olaya (Sextante and core GRASS interface) :'
* Benjamin Ducke (Sextante-GRASS integration) ¢
* Regione Autonoma Fr|uI| Venezia Giulia (support for my presentatlon) ~_

Markus Neteler
Fondazione E. Mach (FEM)
Centro Ricerca e Innovazione
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