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Introduction to Advanced Lidar Analysis
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Pre-requisites

You should have completed the tasks in workshop s 1 and 2 to be familiar with QGIS before beginning this
workshop. You should also have read the technical papers introducing Local Relief Modelling (LRM) and the
Sky View Factor (SVF).

Aims

The aim of this lab is familiarise yourself with advanced processing techniques fro lidar data using QGIS and
GRASS GIS.

e set up a new project in GRASS (using the QGIS step by step guide)
* set the GRASS region (raster processing settings)

e create a SVF (horizon) model in GRASS

e create alocal relief model in GRASS using custom commands

* export your work.

Each of these tasks stand alone as useful GIS tools but together they provide a workflow for advanced
processing of lidar.

Outcomes

At the end of the lab you will submit a printed map of your LRM and SVF in pdf form to demonstrate your
completion of the technical exercises.

How to use this booklet

Illustrations in this booklet show the icons on screen for each task. The full menu options are notated as
follows: File > Open.
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Task 1 — Creating a GRASS location

GRASS GIS is a very powerful opensource GIS software originally developed for the US Army. It features
many high-level raster processing functions that do not exist in QGIS alone including the ability to create
LRM and SVF models and scripting of processes. GRASS has a reputation for having a steep learning
curve, but fortunately you can use QGIS as a front-end to smooth the transition between the software.

1. Go to Go to Plugins> Manage Python Plugins. Ensure that “GRASS” has a check beside it to display the

GRASS Toolbar.
FEL L TR
i A QGIS Plugin Manager &l&r

Filter I.g.!rass
To enable J disable a plugin, dick its checkbox or description

GRASS
x “ GRASS layer
Installed in Plugins menu/toolbar

Plugin Directory:  C:/05GeodW fapps,/qois/plugins

Select all Clear All Cancel

e

2. The first step is to create a GRASS Location, which is essentially a directory in which GRASS will store the
raster and vector files you make for any project. The structure of this directory is very important and can
be fiddly to get right in GRASS itself — the QGIS plugin makes the process of establishing a location much
easier and the location created can be used through the QGIS GRASS plug in or in GRASS alone. Click on

the Create new mapset icon to open the window below:

"TEREAY R AN
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3. Browse to a directory in which to store your data. When using for the first time you should create a

4l
| _@a. apset

GRASS Database

Select existing directory or create a new one:

Database: '_G:\Teaming\,summersmools\Poznan 2013 Lidar\Data\grassdata

GRASS data are
stored in tree directory
structure. The GRASS
database is the top-
level directory in this
tree structure.

Example directory tree:

j|lTree

Comment

- QurDatabase
B Mexico
; PERMAMENT

- Alejandra

-~ uan

[=H New Zealand
- PERMAMENT
e Cimrman

Database
Location 1
System mapset
User's mapset
User's mapset
Location 2
System mapset
User's mapset

directory called “grassdata” to keep all your GRASS locations in. Click next.

4. Select “create a new location”, give your location a name (with no spaces or special characters)

and click next.

G

L

RASS Location

Location

[} Select location | LITA

® Create new location :lLlTA_Iidar

The GRASS location is a collection of maps for a particular territary or project.
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5. We will now set the CRS for the GRASS location. You will see that the plugin suggests recently used
systems at the bottom of the window. Select the OSGB36 CRS (using the same ESPG ID as before). Click

next.
[ 7 o
@ Mew Mapset

Projection

Coordinate system
Not defined

® Projection

Filter | 27700
Recently used i fe

|Coordinabe Reference System | Authority ID
0SGB 1936 / British Nationa... EPSG:27700

[ | (1]

[« of the world Hide deprecated CRSs

dinate Reference System IAuﬂ'mrity jin]
il Projected Coordina..

(=l Transverse Mercator

0SGB 1936 /Bri... EPSG:27700

[1] [ <

+proj=tmerc Hat_0=49 Hon_0=-2 +k=0,9996012717 +x_0=400000
+y_0=-100000 +ellps=airy +towgs84=375,-111,431,0,0,0,0 +units=m
T ae

6. Set the Region of interest. This part is particularly important as GRASS only performs its operations

within the bounds of this region of interest. For simplicity here select the current QGIS extent. Click set
and the North, South, East and West bounds will change. Click next.

N 153298

152348

Set current QGIS extent | | iUnited Kingdom

The GRASS region defines a workspace for raster modules. The default
region is valid for one location. It is possible to set a different region in each
mapset. ltis possible to change the default location region later.
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7. Within the location create a mapset to work in. This could be the name of the processing e.g SVF. Click
next.

8. The final screen confirms the location and mapset you have created. Click finish to return to the QGIS
main screen. The mapset will now be open and the GRASS toolbar icons active.

R

Create New Mapset

Database: G:\{Teaching'\summerschools\Poznan 2013 Lidar\Datal\grassdata

Location: LITA_lidar

Mapset: SVF

;_95 New mapset E

@ New mapset successfully created and set as current working mapset.
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Task 2 — Changing the GRASS Region

The Region settings in GRASS control all the raster processing areas and resolutions. Before we can
undertake any processing with the lidar data we need to amend the region to match our data.

1.

To do this we will import the Area vector file we created in workshop one into the GRASS mapset
and set the region to match it. First open your area shapefile.

On the GRASS tool bar select the GRASS tools icon.

In the Modules Tree tab navigate to File management > Import into GRASS > Import Vector into
Grass > Import Loaded Vector. Click to open the tool.

= BE

= —
(EEr=rTy B L I e )

Modules Tree | Modules List | Browser i

| GRASS MODULES
: shell - GRA!

‘[l Impaort raster
(= Import vector
/ —~

=
=

55 shell

EI Create new GRASS location and transfer data into it
-1 File management
= Import into GRASS

into GRASS
into GRASS

win.ogr.qgis - Import loaded vector

W win.ogr - Import OGR vectar

[+]

W win.ogrloc - Import OGR vector and create a fitted location

W w.in.ogr.all - Import OGR wectors in a given data source combining the...
AR w.in.ogr.all.loc - Import all OGR PostGIS vectors in a given data source ...

NN NN NN
LB

=l
=y

-+l Region settings

[+ Raster
[+ Vector
[ Imagery

Gl Datahaca

A
= -

W o N
il uth

HImport from database into GRASS
[ Export from GRASS
Map type conversion

.@, win.dxf - Import DXF vector

W win.e00 - Import ESRI EOQ vector

‘:5, win.ascii - Import text file

W win.mapgen - Import MapGen or MatLab vector
“+. w.in.db - Import vector points from database table containing coordin...

§

EIProjection management

+ win.garmin - Import vector from gps using gpstrans

: ‘ L R
: / .@- win.geonames - Import geonames.org country files

win.gns - Import US-NGA GECnet Names Server (GMS) country file

vin.gpsbabel - Import vector from gps using gpsbabel
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4. Select your vector file (created in task 2) from the drop down menu. Give the GRASS vector you will
create a name (you may wish to prefix this with “GRASS” if you intend to use the same name as the
original shapefile to denote that it is a GRASS vector e.g. GRASSarea). Click “Run” then “View
Output” to add the GRASS vector to the navigation menu to the left of the QGIS screen.

(e B 1 e )

Modules Tree Modules List Browser .

| Module: v.in.ogr.qgis

Options Output Manual |

Loaded layer

ACL -

Password

Mame for output vector map

Area

Show advanced options ==

Close

5. You will see both the original and GRASS area vector in the QGIS view. Remember you can check the
source of a file by hovering your mouse over its name in the navigation bar. The symbology of the
GRASS vector can be edited in the same way as for QGIS vectors (See task 2).

4 Quantum GIS 2034d59
File Edit View Layer Settings Plugins Raster Vector Help

TBEEdddo RRPEPPFER 7D
QRAARAAQREA PO iy B WA

GRASS_area

E| . area G:/PhD/Grosetto 3D/grassdata/Archaeclogy_3D/lidar/GRASS_area/1_polygon
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6.

7. To set the region to match this vector select the GRASS tools Icon again and navigate to Region

Settings > Set Region to match multiple vectors

,.?j GRASS Tools: Archaeology_3D/lidar

Modules Tree Modules List | Browser

GRASS MODULES

) chetl - GRASS shel

] File management
I Region settings

B Projection management
| Raster

E:I‘u’ector

i+ Imagery

EI Database

11 3d Visualization

EI Convert coordinates

'+ Help

EI Create new GRASS location and transfer data into it

| g.region.save - Save the current region as a named region
g.region.zoom - Shrink current region until it meets noen-MULL data ...

g.region.multipleraster - Set the region to match multiple rasters

‘!9..3 g.region.multiple.vectar - Set the region to match multiple vectors

Close

8. Type in the name of your vector file. Click Run and close.
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.
% GRASS Tools: LITA/lidar ‘
— e o

Modules Tree Modules List Browser s

Module: g.region.multiple. vector
Options Output Manual |

Type in map names separated by a comma

| Area|

9. To make sure that the region is set, switch off both your area vector files in the layer manager and

use the Display Current GRASS Region icon

10. Ared line will now appear on your screen showing the extent of the current GRASS region.
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File Edit View Layer Settings Plugins Vecdior Raster [Database Help

T REB SRS P ®-Tay - [0 fle
CRRPEPPPIuRBM 7530 XK
TREALTREEIN 2 e

¥ Control rendering order

Overview
|

Coordinate Capture

Copy to dipboard

)}( Start capture

s ||| ‘oordinate 417067 153518 scale ||| 1:15575 « [|[|'S¥(| (% Render || PSG:2770I / |
£31 | scate| [ | [@lla] /
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11. The QGIS /GRASS toolbar gives only a selection of the most common GRASS functions. You can
access all the GRASS functions by using the “GRASS shell” to enter commands. We will now use the
GRASS shell within QGIS to check the resolution of the region. From the GRASS Tools window, click
to open the GRASS shell.

A GRASS Tools: LITA/lidar |

Medules Tree Medules List Browser i ¥

FLASS MODULES
L sneil- GRass sheit

+ Create new GRASS location and transfer data into it
| File management

| iiT!Imp::urtintcn GRASS

[+ Expaort from GRASS

[# Map type conversion

| + Region settings

+ Projection management

I+ Raster

+ Vectar

+l Imagery

+ Database

+ 3d Visualization

+ Convert coordinates

+ Help

I |

12. In the shell window type g.region (the GRASS command for the region settings). Hit return. A new
window will open.

BN CAWindows\system32\emd.exe

Microsoft Windows [Uersion 6.1.76681
Copyright (c) 2889 Hicrosoft Corporation. All rights reserved.

C:\>g.region
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13. To check your current settings switch to the “Print” tab and tick “Print the Current region”. Click

Run.

14. The window will switch to the “Command Output” tab where the current region settings will be

4 goregion [general] E\@
o/ Manages the boundary definitions for the geographic region.
Existing Bounds Resolution Effects Print | Optional 4 F X
[ Print the current region in latflong using the current ellipsoidfdatum )]
[ Print the current region extent (&)
[~ Print the current region map center coordinates (s]
[ Print the current region in GMT style (t)
[ Print the current region in WMS style (w)
[~ Print region resolution in meters (geodesic) (m)
[ Print the convergence angle (degrees CCW) {n)
[ Print also 30 settings 3)
[~ Print the maximum bounding box in latflong on WGS84 o)
[ Print in shell script style (@)
Close | Run Copy Help

[~ Close dizlog on finish

g.region -p vect=GRASS_area@lidar

displayed. You will see that the resolution settings (nsres and ewres) are set to over 1m per pixel. As
the data we will be using is of 0.5m resolution we need to change this setting.

LITA Lab 3 — Advanced Lidar Processing using GRASS
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Manages the boundary definitions for the geographic region.

Existing Bounds Resolution Effects Print Optional 4 »
(Sat Jun 22 12:36:30 2013) -
g.region -p B
projection: 99 (Transverse Mercator)
zZone: a
datum: towgs84=446.448,-125.157,542.06,0.15,0.247,0.842
ellipsoid: a=6377563.396 e==0.00667053976159746
north: 153369.17527436
=outh: 152359.54681561 -
wWest: 417425.60189516 1
east: 418443.47221889
nares: 20.19256917
EWres: 19.95824164
IOwWs: 20
cols: 21
cells: 2550 | 4
{Sat Jun 22 12:36:30 2013) Command finished (0 sec)
4| 1 | *

Qutput window

Command prompt

[ Clear ] [ Save ] Stop
[ Close ] [ Run ] [ Copy ] [ Help
[ Close dialog on finish
g.region -p

15. In the “Existing” tab select your imported vector from the drop down menu.

Set current region from named region:

[multiple] Set region to match this raster map:

Set region to match this 3D raster map (both 2D and 3D values):
[multiple] Set region to match this vector map:

Set region to match this 3dview file:

| & g.-region [general ;E|L|
‘g’ Manages the boundary definitions for the geographic region.
' Existing Bounds | Resoluion | Effects | Print | Optional 47
[ set from default region (d)
[]save as default region (=)

(region=name)

(rast=name)

(rast3d=name)

(vect=name)

(3dview=name)

e G |

[ close dialog on finish

g.region -p vect=Area@lidar

16. In the “Resolution” tab e

nter the value 1 in the NS and EW grid resolution boxes. Click run.

LITA Lab 3 — Advanced Lidar Processing using GRASS
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i Resolution r Effects r Print r Optional r Command output ] 4
Mumber of rows in the new region: ({rows=value)
0 =
MNumber of columns in the new region: {cols=value)
0 =
Grid resolution 2D (both north-south and east-west): ({res=value)
3D grid resolution (north-south, east-west and top-bottom): (res3=value)
Morth-south grid resclution 2D; {nsres=value)
0.5
East-west grid resolution 2D: {ewres=value)
0.5
Top-bottom grid resolution 3D: (tbres=value)

Close ] [ Run ] [ Copy ] [ Help

[T Close dialog on finish

g.region -p nsres=0.5 ewres=0.5

17. The module will switch to the “Command Output” tab where the new resolution settings will be
displayed.

,

', Manages the boundary definitions for the geographic region.

Resolution r Effects r Print r Optional /r uutput” 1)
g.region -p nsres=0.5 ewres=0.5 -
projection: 99 (Transverse Mercator)
zZone: 1]
datum: towgs84=446,448,-125.157,542,06,0.15,0.247,0.842,
ellipsoid: a=6377563.3%6 es5=0.00667053976159746
north: 153369.17527436
south: 152359.54681561
west: 417425.6018951¢6
east: 418443.47221889 o
nsres: 0.50006362
ewres: 0.49993631
rows: 2019 L
cols: 2036 1
cells: 4110684
(Sat Jun 22 12:37:20 2013) Command finished (0 sec)
AT 2

Qutput window Command prompt
[ Clear ] [ Save ] Stop
[ Close ] [ Run ] [ Copy ] [ Help
[7] Close dialog on finish

g.region -p nsres=0.5 ewres=05

18. Close the window and the shell window to return to QGIS.
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Task 3 — Import the Lidar raster data to GRASS

1. Open GRASS Tools

2. Navigate to File Management >Import raster into GRASS> Import Raster into GRASS from QGIS

view> r.ingdal — Import loaded raster.

- =
7 s oo e SR =)

t Modules Tree Modules List | Browser

S+ | | ® + g

GRASS MODULES
; shell - GRASS shell

le management
Import into GRASS
ElImport raster into GRASS

port vector into GRASS

Export from GRASS
Map type conversion
[ Region settings

5] Projection management

[#] Create new GRASS location and transfer data into it

‘ElImport raster into GRASS from QGIS view
rin.gdal.ggis - Import loaded raster

v > W rin.gdal.qgis.loc - Import loaded raster and create a fitted location
Register external data sources in GRASS
Import raster into GRASS from external data sources in GRASS

port from database into GRASS

&

Close

3. Pick the lidar raster layer for import, give the GRASS output raster a name and check Override

Projection. Click Run then View Output.

Module: r.in.gdal.qgis

Loaded layer

Options Output Manual |

s s rnes S R -l

Modules Tree Modules List | Browser

| lidar

Password

[

Name for output raster map

| lidar

<< Hide advanced options

Title for resultant raster map

Band to select (default is all bands)

I X Override projection (use location's prajection) I

Run

Extend region extentz based on new dataset

100%

View output Close

Close

4. Your GRASS lidar raster will now be displayed in the QGIS window. Remove the non-grass lidar
raster and area vector and save your project. Close QGIS
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Task 4 — Create a PCA model in GRASS

Now we have set up our GRASS project we will switch from QGIS to GRASS to create a PCA model of
the shaded relief models.

1. Open GRASS from the desktop

2. You will need to navigate to the Location and Mapset you created in QGIS during the previous task.
When you have browsed to the directory “grassdata” select the location then the mapset. Then
click “Start GRASS”

= = ™

Welcome to GRASS GIS 6.4.3RC3

The world's leading open source GIS

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

GIS Data Directory:  G:'\Teachinglsummerschools\Poznan 2013 Lidar\Data\grassdata

Choose project location and mapset Manage

Project location Accessible mapsets Define new location

(projection/coordinate system) (directories of GIS files)
LITA lgar
Create new mapset

PERMAMNENT in selected location

Create mapset

Rename/delete selected
mapset or location

Start GRASS | [ qut || Hep

LITA Lab 3 — Advanced Lidar Processing using GRASS
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3. You may get a lock file warning. The lock file exists to prevent concurrent use of the same GRASS
location by two different people, but when using the QGIS GRASS plugin the lock file is often not
removed when QGIS is closed. It is safe to remove the lock file when you are the only person
working on the location so click OK twice.

- B
e N ==

-~

| GRASS is already running in selected mapset <lidar>
Y (file G\Teaching\summerschools\Poznan 2013
|| Lidar\Data\grassdata LITA\lidar\.gislock found).

Concurrent use not allowed.

Do you want to try to remove .gislock (nete that you need permission
for this operation) and continue?

4. Grass will then open two windows as shown below. On the left is the Map Display where graphics
are displayed, to the right is the GIS or Layer Manager where layers are added and modified and
where the menus are found for each function.

csBleerPHAME S 9 be -

File Settings Raster Vector Imagery Volumes Database Help

o8& atBEB R0

/B BEReniad

. Display1 | 1 x

i Map layers Command console | Searchmodule | Pythonshell |

Coordinates b4 Render

5. First we will add a vector and a raster to the display. In the GIS Manager click on the Add Vector Icon
in the same window and select the vector file representing the study area that you imported in Task

2 (Area).
4

6. Then click on the Add Raster icon and pick the lidar raster from the drop down menu.

LITA Lab 3 — Advanced Lidar Processing using GRASS
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i

Your screen should now look something like the image below.

e R e e e

/Bl BRSO
m] 1 x‘]
ke, lidar @iidar
¥ Area@lidar

2
Fl
&
Fl

1 Maylaye,rsl Command console | Searchmodule | Python shell |

d.rast -0 map=lidar@lidar [#] Render

418518.32; 152430.52

1 GRASS GIS Layer Man e R GRASS GIS Map Display: 1 - Location: LITA e 0 o )
File Settings Raster Vector Imagery Volumes Database Help . P————] e e =S
e RSP P NANE L a=

7. Now we will create shaded relief models from the lidar data imported. Got to Raster > Terrain
Analysis shaded relief.

I Eﬂsterl Vector Imagery Volumes Database Help
Develop raster map 3 E‘ ‘ — ‘ %
Manage colors 3 I_ll

Query raster maps k

Buffer rasters

Closest points
Mask mal or external

Raster map calculator

Meighborhood analysis -
Cwerlay rasters k ished (0 sec)
Solar radiance and shadows g
| Terrainanalysis ¥ Cumulative movement costs
Transform features L4 Cost surface

. . Least cost route or flow
Hydrologic modeling

Groundwater modeling | shadedreiet

LITA Lab 3 — Advanced Lidar Processing using GRASS
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8. Inthe Required tab pick your lidar raster from the drop down menu.

[ @ r.shaded.relief [raster, elevation]

Creates shaded relief map from an elevation map (DEM).

Required Optional Command output

Input elevation map:

| lidar_combined @lidar

v Add created map(s) into layer tree
| Close dialog on finish

r.shaded.relief map=lidar_combined@lidar

9. Inthe Optional tab enter the output file name, altitude, azimuth and z exaggeration. Use the visual
comparisons from QGIS workshop 1 to select the “best” parameters. Click Run.

@ r.shaded.relief [raster, elevation]

Creates shaded relief map from an elevation map (DEM).

Regquired Optional Command output Manual

[ Allow output files to overwrite existing files
[ Verbose module output

| Quiet module output

Output shaded relief map name:

S0®

| lidar_HS_30_270 1

Altitude of the sun in degrees above the horizon {valid range 0-90):

(altitude=float)

|30

Azimuth of the sun in degrees to the east of north (valid range 0-360):

(azmuth=float)

(270

Factor for exaggerating relief:

(zmult=float)

1

Scale factor for converting horizontal units to elevation units:

(scale=float) ||

w Add created map(s) into layer tree
| Close dialog on finish

r.shaded.relief map=lidar_combined@lidar shadedmap=Ilidar_HS_30_270_1

10. Without closing the window create 7 more shaded relief models at 45° intervals, keeping the same

altitude and z exaggeration.

LITA Lab 3 — Advanced Lidar Processing using GRASS

22



LITA Summer School, Poznan 24th-28" June 2013

11. Now we will perform a PCA analysis on the 8 shaded relief models. Go to Imagery > Transform >
Principal Components

Ijmagewl Volumes Database Help

Develop images and groups L |- o
Manage image calars R
Rectify image or raster

Brovey sharpening =
Classify image 4
Filter image g
Histogram

Spectral response

i Tasseled cap vegetation index Rl

| [ Transform image """""¥ Canonical comeiation
Atmospheric correction  Prindpal components

Fast Fourier

Tmn e

Report and statistics Inverse Fast Fourier

12. Add all 8 of your shaded relief files to the Input field. Give your output rasters a prefix. Click run.

[ ‘ﬁ i.pca [imagery, image transformation, PCA] O0®

' Prindpal components analysis (PCA) for image processing.

W

Required  Rescale Optional Command output 1 kX

[multiple] Mame of two or more input raster maps: (input=name)
||idar_Hs_u_2?0_1@Iidar,lidar_Hs_45_zm_1@lidar,lidar_Hs_au_zm_l@lidar j|

Base name for output raster maps: {output_prefix=string)
||fdar_P::A

Help

13. Notice that the tool makes as many PCA images as original shaded relief images. Add your first PCA
to the map display using the add raster icon, then add the others. Take a few minutes to compare
the features visible in the different PCA images.

i
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14. We will now export the SVF map as a geotiff to view in any GIS software. Go to File > Export Raster
Map > Common export formats [r.out.gdal]. In the Required tab pick the first PCA file and browse to
your directory to save the geotiff.

"‘E} r.out.gdal [raster, ex

W | ewe
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Task 5 — Create a SVF model in GRASS

1. We will now use the r.horizon tool to create a SVF. To open the module navigate to Raster > Terrain

Analysis > Horizon Angle [r.horizon].

File Settings

¢, GRASS GIS Map Display

Raster | Vector Imagery VYolumes

Database Help

W|r.horizon -- Hori

Develop raster map
Manage colors
Query raster maps

Map type conversions

Buffer rasters [r.buffer]
Concentric aircles [r.circle]
Closest points  [r.distance]

Mask [r.maszk]

Raster map calculator [r.mapealc]
Meighborhood analysis

Overlay rasters

Solar radiance and shadows
Terrain analysis

Transform features

Hydrologic modeling
Landscape structure modeling
Landscape patch analysis

Wildfire modeling
Change category values and labels

Generate random cells
Generate surfaces

Interpolate surfaces

Report and statistics

10 (& # ':

]
3
3 Generate contour lines [r.contour]
3 Cost surface [r.cost]
. Cumulative movement costs [rawalk]
. Least cost route or flow  [r.drain]
3 Shaded relief [r.shaded.relief]
3
Slope and aspect [r.slope.aspect]
3 Terrain parameters [r.param.scale]
z Textural features [rtexture]
» Visibility [rlos]
3 Distance to features [r.grow.distance]
3 Haorizon angle [r.horizon]
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3.

The r.horizon tool works in two modes, as explained in the header to the tool. To create an SVF
model we use the second mode. In the Required tab pick your lidar raster as the input.

‘i rhorizon [raster, sun position] H [EI@‘E-

Herizon angle computation from a digital elevation model. Computes horizon angle height from a digital
;. elevation model, The module has two different modes of operation: 1. Computes the entire horizon around a
\\‘, single paint whose coordinates are given with the 'coord' option. The horizon height (in radians). 2. Computes
one or more raster maps of the horizon height in a single direction. The input for this is the angle (in degrees),
which is measured counterclockwise with east=0, north=90 etc. The output is the horizon height in radians.

Required r Input_options r Qutput_options r Optional r Command output I 4 r
Mame of the input elevation raster map [meters]: (elevin=string)
B
Close ] [ Run ] [ Copy ] [ Help

r.horizon elevin=lidar@lidar

We will compute 8 models at 45° intervals starting at 0. The step size will be 30 to match the
published work. Enter the parameters on the Input_options tab as show below.

e

Harizon angle computation from a digital elevation model. Computes horizon angle height from a digital
«. elevation model. The module has two different modes of operation: 1. Computes the entire horizon around a
\3, single point whose coordinates are given with the 'coord' option. The horizon height (in radians). 2. Computes
J one or more raster maps of the horizon height in a single direction. The input for this is the angle {in degrees),
which iz measured counterdockwise with east=0, north=90 etc. The output is the horizon height in radians.

- Requred -~ Input_options r Output_options erh’onaI rCommandouu:ut ] 91 F

= r.horizon [raster, sun pos

Direction in which you want to know the horizon height: (direction =float)
il
I Angle step size for multidirectional horizon [degrees]: (horizonstep=float)
45
For horizon rasters, read from the DEM an extra buffer around the present region: (bufferzone =float)
For horizon rasters, read from the DEM an extra buffer eastward the present region: (e_buff=float)
For horizon rasters, read from the DEM an extra buffer westward the present region: (w_buff=float)
For horizon rasters, read from the DEM an extra buffer northward the present region: (n_buff=float)
For horizon rasters, read from the DEM an extra buffer southward the present region: (z_buff=float)
The maximum distance to consider when finding the horizon height: (maxdistance =float)
30

Close ] l Run ] [ Copy ] [ Help ]

r.henzon elevin=lidar@lidar direction=0 horizonstep=45 maxdistance=30
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4. Inthe Output_options tab enter the prefix of the output maps and click run.

r.horizon [raster, sun pos

I Horizon angle computation from a digital elevation model. Computes horizon angle height from a digital
;. elevation model, The module has two different modes of operation: 1. Computes the entire horizon around a
\‘9 single point whose coordinates are given with the 'coord’ option. The horizon height (in radians). 2. Computes
one or more raster maps of the horizon height in a single direction. The input for this is the angle (in degrees), ol
which is measured counterdockwise with east=0, north=00 etc. The output is the horizon height in radians.
Required r Input_options /V Output_options r Optional r Command output 1 4 ¢
Prefix of the horizon raster output maps: {horizon =string)
| SVF_0_ E
Coordinate for which you want to calculate the horizon: {coord=east,north)]
|
Sampling distance step coefficient {0.5-1.5): (dist=float)
0
[ Close ] [ Run ] [ Copy ] [ Help
r.horizon elevin=lidar@lidar direction=0 horizonstep=45 maxdistance=30 horizon=5VF_0_

5. The tool will switch to the Command output tab to show you the progress of the processing.
Depending on the speed of your processor this may take some time. Note the command input is
displayed at the base of the tool GUI. You can use this on its own to create the models from the
Layer Manager window.

s r.horizon [raster, sun pos

Horizon angle computation from a digital elevation model, Computes horizon angle height from a digital elevation

model, The module has two different modes of operation: 1. Computes the entire horizon around a single point

\y' whose coordinates are given with the ‘coord’ option. The horizon height (in radians). 2. Computes one or more
raster maps of the horizon height in a single direction. The input for this is the angle (in degrees), which is measured

counterdockwise with east=0, north=90 etc. The output is the horizon height in radians.

Required r Input_options r Qutput_options r Optional /V C 1 output r Manual 1P

(Sat Jun 22 13:38:39 2013)
r.horizon elevin=lidar@lidar direction=0 horizonstep=45 maxdistance=30 hori
Calculating map 1 of 8 (angle 0.000000, raster map <5VF_0_ 0>)

4 1 ] +
I |
Qutput window Command prompt
[ Clear ] [ Save ] [ Stop ]
Close Run Copy Help

r.horizon elevin=lidar@lidar direction=0 horizonstep=45 maxdistance=30 horizon=5VF_0_
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6. When the process is complete we will have created 8 rasters of incident light that we need to
average into an SVF model. To do this we will use the r.mapcalc tool. Go to Raster > Raster Map
Calculator [r.mapcalc]

Raster | WVector Imagery Velumes Database

Develop raster map 3
- Manage colors r
| Query raster maps r
1 Map type conversions 3

Buffer rasters [r.buffer]

FT N -

Concentric arcles  [r.circle]
Closest points  [r.distance]
Mask [r.mask]

Raster map calculator [r.mapcalc]

Meighborhood analysis [
7. Enter the name of the output raster. Remember to include the processing options in the file name
as we did with the hillshade models.

Add the expression in the Expression window using the Insert existing raster map drop down to add
your SFV rasters. There should be no spaces between the raster names and the operand (+).

. GRASS GIS Raster Map Calcul =l

Operators Operands
[ 4 ” i H AR ” Il ] Mame for new raster map to create
SVF_45] 30
[ R | I —— —
nsert mapcalc function
= )= JCm Jim ] ]
[ -2 ” =5= ] [ == ” b ] Insert existing raster map
L= JL = Jl o= JL v | B
e Jmeled) o e
Expression
SYF_0__ 0@lidar+5vF_0__ 1@lidar+5VF_0__ 2@lidar + SVF_0__3@lidar +5VF_0__4@lidar +5vF_0__ 5@lidar -
+5VF_0_ A@lidar+ SVF_0__ 7@lidar
Load ] [ Save ] [ Help ] [ Run ] [ Close

Add created raster map into layer tree

rimapcalc 'SVF_45_30 = SVF_0_0@lidar+5SVF_0_1@lidar+5VF_0_ 2@lidar+ SVF_0_3@lidar+5VF_0_4@lidar+5V
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We can change the display of the raster to greyscale. Right-click on the raster in the layer menu and
select Set Color Table

GRY
File Settings Raster Vector Imagery Volumes Database Help L
=R e oYy
Y e == Ty
/B EE@
Display 1
L, SVF @lida
Remove
......... D L.:: lidar @lid
= Rename
......... (& L\;:: Area @i
Change opacity level
Properties
Zoom to selected map(s)
Set computational region from selected map(s)
Zoom to selected map(s) (ignore NULLs)
Set computational region from selected map(s) (ignore NULLs)
Export
Set color table I
Histogram
Univariate raster statistics
Profile
Metadata
Map layers| Command console | Searchmodule | Python shell |
17276.

d.rast map=SVF@lidar

On the colours tab select histogram equalisation and pick a grey colour table. Click Run to view the
result

3% r.colors [raster, color table]

/. Createsmodifies the color table assodated with a raster map layer.

-Required /Cnlnrs]/ Optional ]’ Command output r Manual ] 1P

[T]1nvert colors {n)

[ Logarithmic scaling ()

[7| Logarithmic-absolute scaling (a)

Histogram equalization (e)

Type of color table: (color=style)
grey2ss

Path to rules file (™-" to read rules from stdin): (rules=name)

Browse

or enter values interactively

Cloze ]

r.colors -e map=5VF@lidar color=grey255
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10. We will now export the SVF map as a geotiff to view in QGIS. Go to File > Export Raster Map >
Common export formats [r.out.gdal]. In the Required tab pick the SVF file and browse to your
directory to save the geotiff.

fi3 B

\%{ Exports GRASS raster maps into GDAL supported formats.

_/ | Required | ]’ Print ]’ Optional l’r Command output l’r Manual l 1 F

Name of raster map (or group) to export: (input=name)
SVF @lidar

Mame for output raster file: {output=name)

G:\,Teaminﬁ‘l,summersmuuls‘l.li‘nznan 2013 Lidar\sWF_45_30. tif

Close ] [ Run ] [ Copy ] [ Help

r.out.gdal input=5VF@lidar cutput=0G:\Teaching\summerschools\Poznan 2013 Lid

11. In the Options tab you will see that there are lots of output formats. Select Gttiff.
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o gdal [ P‘?] —

1. Exports GRASS raster maps into GDAL supported formats.

’ Required Print/v Optional r Command output r Manual ] 4 b

7] Do not write GDAL standard colortable ©
[ Force raster export despite any warnings of data loss ()
[ verbose module output (verbose)
[ Quiet module output (quiet)

GIS format to write {case sensitive, see also 4 flag): (format=string)
Giff]
-

NITF m {type=string)
HFA

ELAS
AAIGrid - (createopt=string)
DTED
PNG
e | (metaopt=string)
GIF
XPM
BMP . (nodata=fioat)
PCIDSK
PCRaster
ILWIS
SGI
SRTMHGT
Leveller b
Terragen

GMT

netCOF Felp
|- HOF 4lmage
115152 schools\Poznan 2015 Lid |
ERS

FIT

RMF

WMS

RST

INGR.

GSAG o

12. Open QGIS and add the SVF geotiff.

m
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JrEdds Pet-aEm9RED ¥ RL®- «STH
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' FELT TR e PRQRARKNA > o il S,
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X/ Control rendering order
Overview
|

Coordinate Capture
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E

Copy to dipboard
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Task 6 — Create an LRM in GRASS

We can also use GRASS to create a local relief model. This process has many steps, including raster and
vector processing be sure to work through each carefully and in order.

Preparation

1. First we will connect to a database to store our vector files. In the Layer Manager go to Database >
Manage Databases > Connect

| Database | Help |

Database information ] I ‘

CQuery g Lagin

Vector database connections # Drop table
Copy table

Test

2. Select sqlite as the database format and name your database, (don't forget the .db at the end!). Click
Run then Close.

i @ db.connect [database, attribute table]

v

Printsfsets general DB connection for current mapset and exits.

Settings  Print Optional Command output
Driver name:
sqlite -

|| Database name:
| $GISDBASE/ELOCATION _MAME/EMAPSET fdbf/LRM.db

i:)ambase schema:

Default group of database users to which select privilege is granted:

Close | Rn | Copy Help

db.connect driver=sqlite database=SGISDBASE/SLOCATION_MNAME/SMAPSET/dbf/LRM.£
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3. Now we will check our region settings. Go to Settings > Region > Display Region. The layer
manager will switch to the command window and display the region parameters. Check the extent
and resolution.

& GRASS GIS Layer Manager

File Settings Raster Vector Imagery WVolumes Database Help

Ca|® & %] V2% el ol 2 B

Click here to show search module engine >

(Mon Jun 24 03:35:52 2013)

g.region -p

projection: 99 (Transverse Mercator)

Zone: o]

datum: towgs84=446.448,-125.157,542.06,0.15,0.247,0.842,-20.48
ellipsoid: a=6377563.396 e35=0.00667053976159746
north: 153369.17527436

south: 152359.54681561

wWest: 417425.60189516

east: 418443.47221889

nsres: 0.50006362

eWres: 0.49993631

rows: 2018

cols: 2038

cells: 4110684

(Mon Jun 24 03:35:52 2013) Command finished (0 sec)

T

Create the LRM

1. First make a copy of the lidar DSM to work with. We can use the command console to access any
tools' GUI so in the console type g.copy and hit return twice. Click Run.
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projection:

99 (Transverse Mercator)
4]
towgs84-446.448,-125,157,542.06,0.15,0.247,0.842, -20.48
2=6377563.396 25=0.00667053376159746

153369.17527436

152359.546381561

417425.60189516

418443.47221889

0.50006362

0.49923631

2013

2036

4110684
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2. In the g.copy window type the name of your lidar DSM followed by a comma then the new name
“ground” e.g. lidar,ground

.'.
| @. g.copy [general, map management]

' Copies available data files in the user's current mapset search path and location to
\\ﬂf the appropriate element directories under the user's current mapset.

Command output Manual 4 b %
[ Verbose module output {verbose) (£
| Quiet module output (quiet)

rast file(s) to be copied: (rast=from,ta)
| lidar,ground ﬂ|

rast3d file(s) to be copied: (rast3d=from,to) |.
=]

vect file(s) to be copied: (vect=from,to)

| [ ]

oldvect file(s) to be copied: {oldvect=from,to)

| []

asdivect file(s) to be copied: (ascivect=from, to)

-

icon file(s) to be copied: (icon=from, ta)
[

labels fle(s) to be copied: flabels=from to) [

3. Now we will perform the low pass filter. Go to to your command console and type r.mfilter. Hit
return twice.

4. Select ground as your input map, name your output map LRM lowpass. Grass uses a text file to
undertake the filter (see the detail format specification here: ). Navigate to the filter files folder on
the z drive and select the 9m filter. Click Run. The lowpass filtered raster will be shown in the
display.

LITA Lab 3 — Advanced Lidar Processing using GRASS
36



LITA Summer School, Poznan 24th-28" June 2013

4.?1 r.mfilter [raster, map algebra]

5. Now we will take the lowpass filter from the ground raster. Go fo Raster > Raster Map Calculator

Name your new map LP_subtract and add the expression ground@lidar — LRMlowpass@lidar. Click
run,

04' IS Raster Map Calculator

SN [ . S [ T
JEN ) Al [
SR N U S O TR
SIS [ ) [
L= e e i e
ST (R U LT

6. Extract the zero contours from the LP_subtract raster. Go to Raster > Generate contour lines.

In the Required tab add LP_subtract as the input raster and name your output vector LP_contours.
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7. In the optional tab set your min and max levels to 0 and your step size to 10. Click Run.

0

TaHs

8. Now convert your contour lines into points. Go to Vector > Generate points > Generate points along
lines. Add LP_contours and name your output LP_contours_points
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9. In the Optional tab de select point, boundary and centroid to leave only line. Set a maximum distance
of 10. Click run. This process may take a few minutes — be patient!

| @ v.to.points [vector, geometry]

v

Create points along input lines in new wector with 2 layers.

Required Optional  Command output Manual

[ Write line nodes
[ write line vertices
| Interpolate points between line vertices
| Do not create attribute table
[ Allow output files to overwrite existing files
| verbose module output
[ Quiet module output
Feature type: (type, string)

[ point # line " boundary | centroid [ area

Layer number:
1 -

Maximum distance between points in units:
10

v Add created map(s) into layer tree
| Close dialog on finish

v.to.points input=LP_contours @lidar output=LP_contours_points type=line dmax=10:: ||

10. Now we will add a column to the point data in the database in order to store a height value extracted
from the ground raster. Go to Database > Vector database connections > Add columns

In the Required tab, pick your point map LP_contours_points
Add a column called height with a type double.

@ v.db.addcol [vector, database, attribute table]

\i‘ Adds one or more columns to the attribute table connected to a given vector map.
Required Optional Command output Manual

Mame of wector map for which to edit attribute table:
| LP_contours_paoints

Mame and type of the new column(s) (name type [,name type, ...]0:
|height double|

Close | Run | Copy

v.db.addcol map=LP_contours_points columns=height double
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11. In the Options tab select layer 2. Click Run.

12. Now we will extract the raster values to the points vector. Go to Vector > Update point attributes
from raster > sample raster at point locations.

In the required tab add the LP_contours_points as your input, ground as the raster to be queried and
column as height.

[ ‘% v.awhat.rast [vector, raster, attribute table]

@j,‘r Uploads raster values at positions of vector peints to the table.
Required Optional Command output Manual 1 b X

Mame of input vector points map for which to edit attribute table: {vector =name)
| LP_contours_points - |

Mame of existing raster map to be queried: (raster=name)
| ground - |

Column name {will be updated by raster values): {column=string)
|height |

vawhat.rast vector=LP_contours_points raster=ground column=height

13. In the optional tab select layer 2. Click Run.

14. Now we have the final stage of interpolating the purged model. This can take some time depending
on the size of your data and speed of your processor, so be patient!

Go to Raster > Interpolate raster from vector points > bilinear and bicubic from vector points
In the Required tab add the LP_contours_points vector

In the Settings tab select layer 2 and the height column.

In the Optional tab add the name of your output raster: Purged

Click Run. Go make some tea.
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15. The final stage of the process is to subtract the purged model from the original DTM. using
r.mapcalc.

& Gr Raster Map Calculator
R
JE N S [
[ I N T

16. When the LRM is finished processing, change the colour table to greyscale and export the LRM to a
geotiff to view in QGIS.
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