GIS Course
June 18-29 2018

(o
0 4(”
,l '21!

' Mc A

Politecnico di Milano, Lecco Campus wv’
POLITECNICO
MILANO 1863
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||'|‘||||||||||||||||||||||||||||||||||||||||
v‘\"‘..}i ‘; ~ L'::.:‘\.“‘.'
N {.“\."';-ﬁ.‘o.

i "QGIS
Daniele Oxoli | e %
Politecnico di Milano — DICA | GEOlab _

-"l
=3
-
-

18/06/2018

& B =
] 45 | . . 8
¥ F P L =
: o W v
" e W
4
ward X <
oY o




Before starting...

v Be sure to have downloaded the folder “QGIS_ho_ wf’ and the OSGeoLive
VM is properly installed on our laptop

osgeo [In esecuzione] - Oracle VM VirtualBox
File Macchina Visualizza Inserimento Dispositivi Aiuto

-

Browser Help

Clients

N =| ® QGIS_ho_wf — 4+ x

grisis passwordsitxt File Edit View Bookmarks Go Tools Help
Management:

D lM [l ¢ » 3 A 4 /media/sf shared/QGIS_ho wF | v
Databases Sam;lata Directory Tree v — —

E » [@ additional material additional_ input_data  outputs
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Installation » [@ input_data f

E » [@ outputs
et » [@ pre_processing ) .
and Maps » @ ROIs pre_processi ROIs Rscripts
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Lecture program and goals

v/ Taste the power of QGIS for geodata managing and processing

v Topics

Retrieve satellite images with QGIS
o Basemaps
o  Open satellite imagery
Satellite images preprocessing
o Import bands + atmospheric correction
o Band set
o Virtual rasters
o Clip
o Styling a multispectral raster layer
Raster calculator

Advanced vector layers editing

Extending QGIS functionalities

o Add a custom script to the Processing Toolbox
o Perform a supervised image classification for built-up areas
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Retrieve satellite images with QGIS: Basemaps

v/ Open QGIS. On the Bar Menu select Plugin — Menage and install Plugins to activate the
QuickMapServices Plugin. This Plugin provides a collection of ‘easy-to-add’ basemaps to

be used in your QGIS projects

& ® 7 & -0
% Notinstalled

7@ Upgradeable

# Settings

Nsﬁgu\’@@@”&n‘o‘

0] QGIS 2.14.14-Essen -+ X
Project Edit View Layer Settings |zl ns\ Vector Raster Database Web SCP Processing Help
SN S N R i ;@ L EEY =D e 2|
(3 Python Console Ctri+Alt+P
% g 2 a o abcl (absl 3 gAY ( Eis @ @ T : e
i W~y B (?fm* L Il Gl Sl G S G A felllfe noo®@ @it " iw
Zd&EMMPEBlE § X '®‘=.@ rcB= 8 Dist 0.010000 | Min[60 - max(100 : DTN ER B 10 |
. Layers Panel B@® ¥ Plugins | All (780)

Search [Qun:kM

- QuickMapServices

!_‘ # QuickMultiAttributeEdit

Help |

QuickMapServices

Collection of easy to add basemaps

Convenient list of services + search for finding datasets and basemaps. Please |

contribute new services via http/qms.nextgis.com! Built by NextGIS.
U 355 rating vote(s). 521918 downloads
Tags: service, internet, tms, wms, qms, wfs, geojson, openstreetmap, osm,

basemap
More info: homepage tracker code repository

Author: NextGIS

Installed version'o 19 9 (in

ins/quick_map_services)
Available verslon 0 19 9 (in QGIS Official Plugin Repository)

changelog:

0.19.9

* Fix no native tile layer property dialog (for QGIS 2.18) #162
* Fix Search QMS panel for previously saved services #161
0.19.8

* Add subdomain support for TMS url

* Fix contributed services package download

0.19.7

[7Upgrade al(J | Uninstall plugin | |  Reinstall plugin

Close |
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Retrieve satellite images with QGIS: Basemaps

v' Import into your QGIS the layers:
o wa.shp
O wa_preview.tif

Js} QGIS 2.14.14-Essen -+ %
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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Retrieve satellite images with QGIS: Basemaps

v’ On the Bar Menu select Web — QuickMapServices — Settings — More services — Get
contributed pack to activate a richer collection of basemaps

) QGIS 2.14.14-Essen -+ x
Project Edit View Layer Settings Plugins Vector Raster Database m SCP Processing Help
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Retrieve satellite images with QGIS: Basemaps

v/ Select and activate a basemaps to better understand and contextualize the working area
(wa) for this exercise

# QGIS 2.14.14-Essen =
Project Edit View Layer Settings Plugins Vector Raster Database m SCP Processing Help
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Skills notebook

m Activate basemaps from external providers for your QGIS project
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Retrieve satellite images with QGIS: Open satellite imagery

v On the Bar Menu select Plugin — Menage and install Plugins to activate the

Semi-Automatic Classification Plugin &
% QGIS 2.14.14-Essen -+ x

Project Edit View Layer Settings Pluglns Vector Raster Database Web SCP Processing Help

N B RO R 0k

@, python Console

& L E B S & 0oy 3 1] .

G&@Bwf

& e V& B AD ET installed

Not installed

2@ Upgradeable

§ Settings

E,ﬂ]».-’ [_;00 (?/fm_:g.-. § e [yl sl CE >:l>L,i).>“\(? ” Q'&j@ﬁ'}:f‘:i:
ELanPREESX TS’ , Blplne | AN (82) X AT omE
‘. Layers Panel @aA(l Search‘Semn al

# Adaplin Tool - - cge - -
TR TS Semi-Automatic Classification Plugin

@ v Semi-Automatic Classification P Plugin that allows for the supervised classification of remote sensing |mages,

providing tools for the d d, the g and postp g of
images.

Prep

Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the

supervlsed classlflcaﬂon of remote sensing images, providing tools for the download, the

ing of images. Search and download is available for ASTER,
Landsat MODIS and Sentlnel -2 Images Several algorithms are available for the land cover
classification. This plugin requires the installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For
more ir ion please visit http: .com/ .

' 243 rating vote(s), 388216 downloads

Category: Raster

Tags: Raster, Classification, Land Cover, Remote Sensing, Analysis, Landsat, Sentinel, Supervised
1, Spectral sig Mask, Clip, v, L

Morelnfo:homegage tracker code repositogy

NEFB:}'@&B@aa\a‘J

Author: Luca Congedo

Installed version: 5.4.0 (in i i ificationPlugin)
Avalilable version: 5.4.0 (in QGIS Official Plugin Repository)

changelog:
54.0
Upgrade all

| Uninstall plugin | Reinstall plugin

Help _ Close |
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Retrieve satellite images with QGIS: Open satellite imagery

The Semi-Automatic Classification Plugin (SCP) is a free open source plugin for QGIS that allows
for the semi-automatic classification (also supervised and unsupervised classification) of remote
sensing images. It provides several tools for the download of free images (Landsat, Sentinel-2,
Sentinel-3, ASTER, MODIS), the preprocessing of images, the postprocessing of classifications, and

v

the raster calculation

Project Edit View Layer Settings Plugins Vector Raster Database Web @ Processing
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Layers Panel ® Band calc
= = Spectral plot
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9 Batch
#¢ Settings

<[ User manual
{2 online help

[ About

[0l show plugin

SCP Dock ®

SCP input

\!\ Q | = Q\

O |

b & o
“"mﬁl Dock
Plugin
# Tutorial: Cloi

Only if preview in Layers Preprocess images [ Load bands in QGl! pa nel
Mosaic, and Land Cover Change v
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.
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) Semi-Automatic Classification Plugin =i
Q Download images | @3 Tools | #§ Preprocessing } Postprocessing Band calc g Band set & Batch  2¢ Settings B /4 »L

% Landsat download | J; Sentinel-2 download ' 'J ASTER download = MODIS download

User ‘ Password ‘ remember

Search area

ULX (Lon) | JuLy ) | | LR (Lon) | | Ry (et | | @ show [F]
Satellites | L8 OLI/TIRS & | Date from | 1972-01-01 | vto ?018-06-12 IR} Max cloud cover (%) | 100 | _
Results [10c] Filter‘ ‘ Find ‘Q‘

Landsat images

ImagelD «cquisitionDat  CloudCover Path Row min_lat min_lon max_lat max_l¢ (,

Download options

Download (from Amazon Web Services, Google Earth Engine, USGS Eari| Co m m a n d
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http://www.qgis.org/

Retrieve satellite images with QGIS: Open satellite imagery

v We are going to query and browse the data catalogue of the ESA Sentinel-2 mission.

This is enabled by the Copernicus Open Access Hub which provides developers and data
users with a set of API to access the imagery catalogue

v The API is implemented within the SCP Plugin by enabling the access to Sentinel-2
imagery data (and many others) directly from QGIS

v Users must be authenticated to access these services. You can create your personal
account at any time here (not compulsory for this exercise)

Copemicus Coﬁ’érni_._ggg"‘()pgnvﬁcces‘ Hub

Welcome to the Copernicus Open Access Hub

The Copernicus Open Access Hub (previously known as Sentinels Scientific Data Hub) provides complete, free and open access to Sentinel-1,
Sentinel-2 and Sentinel-3 user products, starting from the In-Orbit Commissioning Review (IOCR).

o @ ®
B

API Hub S-3 PreOps Hub GNSS Hub

Open Hub
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https://www.esa.int/spaceinimages/Missions/Sentinel-2
https://scihub.copernicus.eu/
https://en.wikipedia.org/wiki/Application_programming_interface
https://scihub.copernicus.eu/dhus/#/self-registration

Retrieve satellite images with QGIS: Open satellite imagery

v On the Bar Menu select SCP — Download Images — Sentinel-2 download. Insert the
Login information and specify the Search area and date. To run the Search press |Q‘

@« QGIS 2.14.14-Essen - + %
Project Edit View Layer Settings Plugins Vector Raster Database Web m Processing Help
e BB : @) [ 5and set S LR S ® o - B
D J Q @ L@J E} 4(9 p S n p p }a s8Ry SLGIGECRE S e Landsat download g Q E .
3 = 3 - » @ A = 2 el
WA= BB R R R T oY b 2o oGS ¥
= 1 Preprocessing » '§ ASTER download =
g ta*IPKLE&XéE@@.@\ | ¥ | P Postprocessing + % MODIS download . Min 60 0 Max 100 i@T\L3 s 200 L.E?O IR ElE -
. Layers Panel B B PR [ Band calc y RS T AR TR A, TR N N NN e HDY PR
V; &% 7 &3 d 2] Semi-Automatic Classification Plugin - + X | A4
¥ ] I wa_preview & Download images | @ Tools  #J Preprocessing B Postprocessing [ Band calc g Band set & Batch ¢ Settings ' [B? About
@ [wa
, & Google Hybrid % Landsat download | ¥ Sentinel-2 download | '§ ASTER download % MODIS download
(4]
»
@ Service lhttps://scihub.copernicus.eu/apihub ‘ ‘:';
% User [danioxoli j Password |*kskkkksk j & remember
@
9 UL X (Lon) |36.04 \uLY(Lat)\az.ﬂ LR X (Lon) |36.21 LRY (Lat) ‘32.08 @® show [F]
- Date from \go1s-o4-o1 | v | to [2018-05-10| v | Max cloud cover (%) | 100 | . Results | 10 | _ Filter{ ‘ Find ‘g
% Sentinel images
E4| [ Image list
ImageName Granule AcquisitionDate A Zone CloudCover min_lat
\5‘1 % J =
Wiy v
h Download options / A&Aﬁ
Secriom @
& Only if preview in Layers [ Preprocessimages [ Load bandsin QGIS ‘m‘ ‘.,
b= —J
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Retrieve satellite images with QGIS: Open satellite imagery

v/ The images list is now downloaded. Select the image of your interest (see the
ImageName selected in the figure). Press 1.; to preview the selected image in the QGIS
Map panel

5] Semi-Automatic Classification Plugin - 4+ X

' & Download images | @ Tools #§ Preprocessing [ Postprocessing [ Band calc g Band set | & Batch 2 Settings [P About

% Landsat download \‘ sentinel-2 download | ‘ ASTER download = MODIS download

Login Sentinels

Service Ihttps //scihub.copernicus.eu/apihub w ‘:1;
User idanioxoli ‘ Password | *kksiokicksnk ‘ M remember

UL X (Lon) [36.04 |uLy (Laty [32.17 | LRX (Lon) [36.21 | LRY (Lat) [32.08 | ® show [F
N
Date from \2018 -04-01| v | to \2018 -05-10 | v | Max cloud cover (%) \ 100 . Results | 10 . Fllter[ ’ Find \Q,

Sentinel images

ImageName Granule AcquisitionDate N Zone CloudCover min_lat

1 S2A MSIL1C 20180503T080611 N0206 RO78 T36SYA 20180503T102643 L1C T...81025 2018-05-03T08:06:11.024Z 36SYA 41.4344 31.5052 i‘;
FRS2A MSIL1C 20180503T080611 N0206 RO78 T37SBR 20180503T102643 L1C T...81025 |2018-05-03T08:06:11.024Z 37SBR 47 2435 131.5082 |
'3 S2A MSIL1C 20180506T081611 N0206 R121 T37SBR 20180506T094812 L1C T...81605 2018-05-06T08:16:11.024Z 37SBR 31.5077
4 S2A MSIL1C 20180506T081611 N0206 R121 T36SYA 20180506T094812 L1C T...81605 2018-05-06T08:16:11.024Z 365YA 99 93 31.5052
5 S2A MSIL2A 20180506T081611 N0207 R121 T36SYA 20180506T094812 L2A T...81605 2018-05-06T08:16:11.024Z 365YA 100 31.5052
6 S2A MSIL2A 20180506T081611 N0207 R121 T37SBR 20180506T094812 L2A T...81605 2018-05-06T08:16:11.024Z 37SBR 99.956 31.5077
7 S2B MSIL1C 20180508T080609 N0206 R078 T37SBR 20180508T115609 L1C T...81510 2018-05-08T08:06:09.027Z 37SBR 145.2045 31.5083
'8 S2B MSIL1C 20180508T080609 N0206 R0O78 T36SYA 20180508T115609 L1C T...81510 2018-05-08T08:06:09.027Z 365YA 75.919 31.5052
|9 S2B MSIL2A 20180508T080609 N0207 R0O78 T37SBR 20180508T115609 L2A T...81510 2018-05-08T08:06:09.027Z 37SBR 49.0582 31.5083 O
110 S2B MSIL2A 20180508T080609 N0207 R0O78 T36SYA 20180508T115609 L2A T...81510 2018-05-08T08:06:09.027Z 365YA 75.2513 31.5052 (=
Download options
Download
& only if preview in Layers [ Preprocessimages [ Load bandsin QGIS ‘m‘ ‘.’i
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Retrieve satellite images with QGIS: Open satellite imagery

v/ The selected image is previewed to your QGIS project

1 QGIS 2.14.14-Essen - + x
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help

:NEEBORINSLLAIRR ARG E Sl e 0 FE S 0l

0 Y BRo RARBN. i Mmsets i @@ @il i s n® Q%
FLEMNPRCES XS POEES - 56 OB oo - mnco - wmxwo . OEZTTIEIM e so @@ Ol Oz -2
v‘, Layers Panel B® _

B g V& -BHAD

) B wa_preview
™ [ wa

v L1C_T37SBR_A014947_20180503T081025_p.jp2
"] Google Hybrid

NEEE:}'@&B@JS\JJ

Coordinate| 254062,3572256 & scale [1:603301 | v | Rotation [0.0 | & Render @EPSG:32637 (OTF) @

POLITECNICO MILANO 1863 18/06/2018 - Hands-on session: QGIS [€l= =~ XID)




Retrieve satellite images with QGIS: Open satellite imagery
v To download and save the selected image press i_:

v/ The image bands will be automatically imported in your QGIS project as .tif layers and the
directory containing the whole Sentinel-2 imagery (.SAFE) will be save into your local
memory (the imagery directory for this exercise is available at: QGIS _ho_wf -> input_data)

] QGIS 2.14.14-Essen
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help
- —~ B B s (U F{(> VIRROREL g RN - S = = 8 @ <
:NEBABLR: ™S S0 68 KD D O 0 :@ @ -8 0L FEE S & T
Y, A H = = (% /& ﬁ =@ Semi-Automatic Classification Plugin
e EMP[EF S X = | & pownload images | @ Tools | 9] Preprocessing P Postprocessing | [i@ Band calc g€ Band set & Batch 2 Settings [B? About EnElR -
Layers Panel B Download the images in the table (requires internet connection) - + X
. . ‘ Landsat download | W Senti
“ &3 e V& -3 BDO |B| |B)| media | sf_shared | QGIS_ho_wf| Create Folder
: - ‘ L |
] ] B wa_preview e s —=
@ & [lwa service |https://scihub.copernicus | Places Name ~ size Modified =
] = e iti 5 _— —
I L1C T37SBR_A014947 2018050i veer [danioxoli Q search @ additional_material 06/05/2018 T remember
I’b ] Google Hybrid L © Recently Used input_data Yesterday at 15:16 - SRR
» SEAICH e @ user @ outputs Friday
UL X (Lon) ‘36.04 B Desktop @ pre_processing Friday @® show [+]
@ Search - (©) File System @ ROIs Yesterday at 15:16 —
= -] (O sf_shared @ Rscripts Friday
=) Date from [2018-04-01] v | to [2 \ Find 4R
@ Sentinel images
% | Imagelist | |
\V4 udCover | min_lat | _ <
1 S2A MSIL1C 20180503T08( 44 31.5052 LC)
= 2 S2A MSIL1C 20180503T08( 35 31.5082
. 3 S2A MSIL1C 201805067081 31.5077 @
4 S2A MSIL1C 20180506T081 31.5052 (58]
5 S2A MSIL2A 20180506T08 31.5052
6 S2A MSIL2A 20180506708 6 31.5077 B
7 S2B MSIL1C 20180508T08! 45 31.5083 J
8 S2B MSIL1C 20180508T08( 9 31.5052
‘9 S2B MSIL2A 20180508T08! 82 31.5083 =)
10 S2B MSIL2A 20180508T08( 13 31.5052 =)
———
Download options
D —— I
Only if preview in Layers [ 4 X.Cancel, | {—Jﬁ Open &] E ’
r — 3 T =
R G S e
|
Coordinate 199950,3494839 ‘i% Scale 1:603,301 | v | Rotation |0.0 = & Render @ EPSG:32637 (OTF) @
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Skills notebook

l Activate basemaps from external providers for your QGIS project

y |

l Search and download satellite imagery data from QGIS
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Satellite images preprocessing: Import bands + atmospheric correction

v/ The Sentinel-2 imagery directory

H B B e BB B

AUX_DATA DATASTRIP GRANULE HTML rep_info  INSPIRE.xml manifest.saf MTD_MSIL1

| B C.xml

- ED

AUX_DATA G_DATA QI_DATA MTD_TL.xml

\/
l Matadata file

[ 1375BR_20180503T080611_BO1.jp2
(] 1375BR_20180503T080611_B02.jp2
(& 137sBR_20180503T080611_B03.jp2
(&5 1375BR_20180503T080611_B04.jp2
[ 1375BR_20180503T080611_BO0S.jp2
(] 1375BR_20180503T080611_B06.jp2
[ 137sBR_20180503T080611_B07.jp2
[ 1375BR_20180503T080611_B08.jp2 B an d S d ata
[ 1375BR_20180503T080611_B8A.jp2
(] 1375BR_20180503T080611_B09.jp2
[ 137sBR_20180503T080611_B10.jp2
[ 137sBR_20180503T080611_B11.jp2
[ 1375BR_20180503T080611_B12.jp2

(& 1375BR_20180503T080611_TCLjp2
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Satellite images preprocessing: Import bands + atmospheric correction

v On the Bar Menu select SCP — Preprocessing — Sentinel 2. Enter the directory
containing the Bands data and the Metadata file

Project Edit View Layer Settings Plugins Vector Raster Database Web m Processing Help

sD_lEm u@w@ﬁ ““ﬂEOEOJBMyfﬁf,‘;j’nszd,mages A EES O )

8l BB BAMSE E R B e L O Do [ R 00,0 0 5 T LW,
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g ia’l».gmsx‘ o"\:.@ .'\IPostprocessmg , 2 Min/60 . Max 100 :@ﬂo - s 200 ;-;io :11 :E‘z ek

,\‘/',,, Layers Panel @® gsandcallc R ASTER - . - mae Feo R
g Spectral plot 2 MODIS ; s 5 3’: g5 b L8 g8 o T
e v & -BADQ A R T A S R TE % e W J
[#7] Semi-Automatic Classification Plugin = 4+ X

& Download images  #j Tools ‘QI Preprocessing ;‘ Postprocessing Band calc g Band set & Batch ¢ Settings [ About

¥ Landsat | ™ sentinel-2 | X ASTER 28 MoDIs | S clip multiple rasters  # Split raster bands | = stack raster bands  \Z PCA || Vector to raster

Sentinel-2 conversion

Directory containing Sentinel-2 bands /media/sf_shared/QGIS_ho_wf/input_data/S2A_MSIL1C_20180503T080611_N0206_R078_T37SBR_20180503T102643.SAFE/GRANULE/L1C_T37SBR_A014947_20180503T081025/IMG_DATA ‘g‘
Select metadata file (MTD_MSIL1C) /media/sf_shared/QGIS_ho_wffinput_data/S2A_MSIL1C_20180503T080611_N0206_R078_T37SBR_20180503T102643.SAFE/MTD_MSIL1C.xml ‘!‘
["] Apply DOS1 atmospheric correction Use NoData value (image has black border) |0 =
[ Create Band set and use Band set tools

Metadata

Satelte |sentinel-2A |

WFE#@@@X&##
-__|

Band Quantification value Solarirradiance
1 ._T37SBR_20180503T080611_BO01.jp2 10000 1884.69
‘2 ._T37SBR_20180503T080611_B02.jp2 10000 1959.72
|3 ._T37SBR_20180503T080611_B03.jp2 10000 1823.24
4 ._T37SBR_20180503T080611_B04.jp2 10000 1512.06
‘5 ._T37SBR_20180503T080611_B05.jp2 10000 1424.64
6 ._T37SBR_20180503T080611_B06.jp2 10000 1287.61
7 ._T37SBR_20180503T080611_B07.jp2 10000 1162.08 ‘8‘
L ._T37SBR_20180503T080611_B08.jp2 10000 1041.63 o
9 ._T37SBR_20180503T080611_B09.jp2 10000 812.92
10 ._T37SBR_20180503T080611_B10.jp2 10000 367.15
11 ._T37SBR_20180503T080611_B11.jp2 10000 245.59
127 ._T37SBR_20180503T080611_B12.jp2 10000 85.25
13 ._T37SBR_20180503T080611_B8A.jp2 10000 955.32
14 T37SBR_20180503T080611_BO01.jp2 10000 1884.69
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Satellite images preprocessing: Import bands + atmospheric correction

v/ Select Bands 1, 9, 10 and remove them from the list by clicking on (=]
v These Bands (60m) will not be considered later for this exercise

Project Edit View Layer Settings Plugins Vector Raster Database Web E Processing Help

Dp.qﬁu@o@pﬁﬁnpp;a GBand?et
a_y[_j 4 %fim:@ ERCTlCT| ,%m‘;amls

7L Preprocessing

images

g '&ﬂ*’[’.gf“ﬂsx\ '-‘:@@‘ _J.Postprocessmg ' [§

I Min60 : Max 100 : @..ﬂo (200 [LEREE e LI N DRz
[ Band calc B ASTER

Semi-Automatic Classification Plugin TR

& Download images ' @ Tools | #§ Preprocessing | B Postprocessing Band calc #f Band set & Batch ¢ Settings [? About

B® Landsat | M sentinel-2 } B ASTER | &4 MODIS S clip multiple rasters '/] split raster bands g Stack raster bands ‘2 PCA | | Vector to raster

Sentinel-2 conversion

Directory containing Sentinel-2 bands /media/sf_shared/QGIS_ho_wf/input_data/S2A_MSIL1C_20180503T080611_N0206_R078_T37SBR_20180503T102643.SAFE/GRANULE/L1C_T37SBR_A014947_20180503T081025/IMG_DATA ‘U |

Select metadata file (MTD_MSIL1C) /media/sf_shared/QGIS_ho_wffinput_data/s2A_MSIL1C_20180503T080611_N0206_R078_T37SBR_20180503T102643.SAFE/MTD_MSIL1C.xml ]
["] Apply DOS1 atmospheric correction [ Use NoData value (image has black border) |0
[ Create Band set and use Band set tools

Metadata

Satelite |Sentinel-2A }

Band Quantification value Solar irradiance
|1 T37SBR 20180503T080611 BO1jp2
|2 T37SBR_20180503T080611_B02,jp2 10000 1959.72
|3 T37SBR_20180503T080611_B03,jp2 10000 1823.24
4 T37SBR_20180503T080611_B04,jp2 10000 1512.06
|5 T37SBR_20180503T080611_BO5.jp2 10000 1424.64
6 T37SBR_20180503T080611_B06,jp2 10000 1287.61
7 T37SBR_20180503T080611_B07.jp2 10000 1162.08 =
'8 T37SBR_20180503T080611_B08,jp2 10000 1041.63 =
|9 T37SBR_20180503T080611_B09.jp2 L —— 175
110 T37SBR_20180503T080611_B10,jp2 10000 [367.15
11 T37SBR_20180503T080611_B11.jp2 10000 245.59
12 T37SBR_20180503T080611_B12,jp2 10000 85.25
13 T37SBR_20180503T080611_B8Ajp2 10000 955.32
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Satellite images preprocessing: Import bands + atmospheric correction
v Check the box Apply DOS1 atmospheric correction and press |>J to start the
preprocessing

v’ This might take several minutes

Project Edit View Layer Settings Plugins Vector Raster Database Web @ Processing Help

5 = s (1) () # Band set = — [l 8
TN A ie S WONSHCR : Frelie e el [ EubbalUR. * e i [ NP AN W a e
(8l BB BAMSE E R B e L O Do [ R 00,0 6 5 5 AW,
— ¢ Preprocessing | andsa > — » — "

g *a*’»gm&x;;@@@ | v | [P Postprocessing ’ . Min 60 . Max 100 Q@Tio S 200 :-E}O :\1 :\2 I 7z

o L Fanal ® & Band calc B ASTER ==

ayerﬁ an.e + [2< spectral plot & MODIS ~ T B 3 T 5

= d®. V&5 -3 F0 |# scatter plot g Clip multiple rasters o N *’ B '.: X 3 .)

1 o 4 ' ® 7 W
Semi-Automatic Classification Plugin o e

& Download images #j Tools |9 Preprocessing | | Postprocessing [ Band calc g Band set & Batch 2¢ Settings ' [? About

® Landsat | M sentinel-2 | B ASTER &% MODIS ‘% Clip multiple rasters 'l[ Split raster bands g Stack raster bands ‘{2 PCA | Vector to raster

Sentinel-2 conversion

Directory containing Sentinel-2 bands /media/sf_shared/QGIS_ho_wf/input_data/S2A_MSIL1C_20180503T080611_N0206_R078_T37SBR_20180503T102643.SAFE/GRANULE/L1C_T37SBR_A014947_20180503T081025/IMG_DATA [l |
Select metadata file (MTD_MSIL1C) /media/sf_shared/QGIS_ho_wf/input_data/S2A_MSIL1C_20180503T080611_N0206_R078_T37SBR_20180503T102643.SAFE/MTD_MSIL1C.xml ;"
& Apply DOS1 atmospheric correction 5
Create Band set and use Band set tools E Selecta dlreCtory et
Metadata @ d h d d
: : )] || media || sf_share GIS_ho_wf|| pre_processin Create Folder
Satellite ISentlnel-ZA (==] =] (= ” PGS oy J‘ pre_p 9 ‘ J
Band Quantification value Places Name A Size Modified
1 T37SBR_20180503T080611_B02.jp2 10000 1959.72 — .
2 T37SBR_20180503T080611_BO03jp2 10000 1823.24 Q search [® additional_material 06/05/2018
'3 T37SBR_20180503T080611_B04.jp2 10000 1512.06 © Recently ... [® input_data Yesterday at 15:16
4 T37SBR_20180503T080611_B05.jp2 10000 1424.64 & out _t Frid
5 T37SBR_20180503T080611_B06.jp2 10000 1287.61 4@} user .|l outputs rigay =]
6 T37SBR_20180503T080611_B07.jp2 10000 1162.08 B8 Desktop pre_processing Friday —
7 T37SBR_20180503T080611_B08.jp2 110000 1041.63 3 ROI X
- s Yesterday at 15:16
'8 T37SBR_20180503T080611_B11.jp2 10000 245.59 File System ® : : y
9 T37SBR_20180503T080611_B12jp2 10000 85.25 [ sf shared [® Rscripts Friday
10 T37SBR_20180503T080611_B8A.jp2 10000 955.32 .
| | Run . |m
| X Cancel | | B Open } B @
=

7)) POLITECNICO MILANO 1863 18/06/2018 - Hands-on session: QGIS [€l= =~ XID)




Satellite images preprocessing: Import bands + atmospheric correction

v The Bands are preprocessed (.tif formatting + surface reflectance adjustment), saved into
your local memory, and imported in your QGIS project (with the “RT_" prefix)

# QGIS 2.14.14-Essen =
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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M 0.063173
0.381335
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Il 0.0406673
0.329606
& B RT_T37SBR_20180503T080611_B02
W 0.031332
0.330505
[ B wa_preview
O Clwa

wfﬁrgﬁsaapa
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[ Gonale Huhrid o 2 A A Thae 5 ™% o L 1
Coordinate 218293,3551783 ‘&ﬂ Scale [1:118,066 | v | Rotation (0.0 .| © Render @ EPSG:32637 (OTF) @
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Satellite images preprocessing: Band set

v/ To create a composite raster (multispectral imagery) of your scene, first you need to define a Band
set specifying an order to stack the selected band data in the composite raster

v On the Bar Menu select SCP — Band set . Load and order all the bands (as shown in the figure).
Activate the option Quick wavelength settings — Sentinel 2 to automatically set the center
wavelengths

' QGIS 2.14.14-Essen -+ X
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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[C) RT_T37SBR_20180503T080611_B8A ; ‘-
- (7] RT_T37SBR_20180503T080611_B12
[C] RT_T37SBR_20180503T080611_B11
(7] RT_T37SBR_20180503T080611_B08
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[ RT_T37SBR_20180503T080611_B07
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R
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- ¥ Band set definition

Band name Center wavelength  Multiplicative Factor Additive Factor ‘m

9 “ 1 RT T37SBR 20180503T080611 B02 0.49 1 0
4] 2 RT T37SBR 20180503T080611 BO3 0.56 1 0 i@w
- 3 RT T37SBR 20180503T080611 B04 0.665 1 0 ==
4 RT T37SBR 20180503T080611 BOS 0.705 1 0 ‘@
- ¥ 5 RT T37SBR 20180503T080611 B06 0.74 1 0 o

“ i 6 RT T37SBR 20180503T080611 BO7 0.783 1 ()
7 RT T37SBR 20180503T080611 BO8 0.842 1 0 E]
8 RT T37SBR 20180503T080611 B8A 0.865 1 0 =
E - ™ 9 RT T37SBR 20180503T080611 B11 1.61 1 0 (]
10 RT T37SBR 20180503T080611 B12 2.19 1 0 o)

@
®

"9 Quick wavelength settings | Sentinel-2 [bands 2, 3, 4, 5, 6, 7, 8, 8A, 11, 12] 2 | Wavelength unit | pm (1 E-6m)
Band set tools
(7] Create virtual raster of band set [] Create raster of band set (stack bands) ("] Build band overviews [_] Band calc expressions E ,
=J)
(e - - : . g
0O Cwa e m 5 =
- o~ 4 R &3
["] Gooale Hvhrid = <X A0 X o , 2 Y — l‘!'» Jo 1 x
Coordinate 218293,3551783 ‘&‘ Scale |1:118,066 | v] Rotation |0.0 . © Render @ EPSG:32637 (OTF) @
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Satellite images preprocessing: Virtual raster

v Aclever way of saving “by-product” raster layers is the Virtual Raster format (.vrt). It consists of a text
file pointing on multiple raster datasets which can be read and manipulated as a single layer

v Check the box Create a virtual raster of band set and press i.i to create a composite
(multispectral) raster from your raster Bands according to the defined Band set.

¥ QGIS 2.14.14-Essen
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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2 7l | [1_RT T375BR 20180503T080611 B02 0.49 1 0 B |[©)| media | sf_shared re_processin Create Folder | |
o M 007| 5 oy T375BR 20180503T080611 BO3 056 1 o =) ,M Jas | QGIS_ho_wa‘ pre_p 9 ‘ 3
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Satellite images preprocessing: Virtual raster

v’ The Virtual raster (.vrt) is saved into your local memory and imported in your QGIS project

@ QGIS 2.14.14-Essen - + X
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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v

Satellite images preprocessing: Clip

To obtain a composite raster layer covering only the working area, thus preventing further processing on
the full raster layer (i.e. save time!), we can Clip the full Virtual raster layer on a region of interest and
save the results as a “real” layer (.tif)

On the Bar Menu activate the Processing Toolbox. Here, look for GDAL — Extraction— Clip a raster
by mask layer. Define the parameter for the clipping task (as shown in the figure) and press Run

@

Project Edit View Layer Settings Plugins Vector Raster Database Web scP [[Ja | Help
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i Clip raster by mask layer

Parameters | Log | Run as batch process... | Cljp raster by mask

Input layer ] layer

RT_T37SBR_20180503T080611_BOvirt_rast.vrt [EPSG:32637] ol

gdalwarp module.
Mask layer

| wa [EPSG:32637] - 2

Nodata value, leave blank to take the nodata value from input [optional]
lo

[] Create and output alpha band
Crop the extent of the target dataset to the extent of the cutline

& Keep resolution of output raster

» Advanced parameters

Clipped (mask)

|/media/sf_shared/QGIS_ho_wf/pre_processing/clip.tif

& open output file after running algorithm

Coordinate | 224546,3563530 \&' Scale |1:60,046

This algorithm is based on the GDAL

For more info, see the module help

"')Pﬁ'fh

+ Recently used algorithms
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~ [GDAL] Extraction
4 Clip raster by extent
. & Contour
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+ [OGR] Geoprocessing
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» # QGIS geoalgorithms [107 geoalgorithms]
* % QuickOSM [11 geoalgorithms]
» @ Rscripts [1 geoalgorithms]
» & SAGA (2.3.1) [248 geoalgorithms]
» @ scripts [0 geoalgorithms]

You can add more algorithms to the toolbox,

v | Rotation |0.0 .| & Render @ EPSG:32637 (OTF) @
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Satellite images preprocessing: Clip

v The clipped raster layer (.tif) is saved into your local memory and imported in your QGIS
project (this will be used later to perform a supervised classification)

I QGIS 2.14.14-Essen - + X
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Satellite images preprocessing: Styling a multispectral raster layer

v To define a style for a multispectral image, open the layer Properties — Style—
Multiband Color and specify the Bands you want to visualize. According to the Sentinel-2
imagery and our Band set, to obtain a natural color view (i.e. RGB), set the bands as
shown in the figure. (Hints: for a better visualization, use the command Local Histogram
Stretch [\ )

@ QGIS 2.14.14-Essen
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Skills notebook

l Activate basemaps from external providers for your QGIS project

i Search and download satellite imagery data from QGIS

f1 Full preprocessing of multispectral satellite imagery with QGIS using both Plugins
l and Processing algorithms
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Raster calculator

v The Raster Calculator allows you to perform calculations on the basis of existing raster
pixel values

v QGIS provides with different solutions for performing raster calculus, e.g.:
QGIS (core) Raster calculator

o O O O

GDAL Raster calculator
SAGA GIS Raster calculator

SCP Band calc

“

& ¥ clip
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» [ W RT_T37SBR_20180503T080611_B0S
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You can add more algorithms to the toolbox,
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Raster calculator: The SCP Band calc

v On the Bar Menu select SCP — Band calc . Refresh the bands list by clicking O

I QGIS 2.14.14-Essen - 4+ X
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Raster calculator: The SCP Band calc

v Let’s compute now simple graphical indicators that can be used to analyze remote sensing data,
namely:

o  The Normalized Difference Vegetation Index (NDVI). The NDVI is the most well known and used vegetation
index. It is a simple, but effective for quantifying green vegetation. The NDVI normalizes green leaf scattering in
the near-infrared wavelength and chlorophyll absorption in the red wavelength [eq: (B8 - B4) / (B8 + B4)]

o  The Normalized Difference Built-up Index (NDBI). The NDBI highlights urban areas with higher reflectance in
the shortwave-infrared (SWIR) region, compared to the Near Infrared (NIR) region [eq: (B11 - B8) / (B11 + B8)]

v Onthe SCP — Band calc . Type the equations (see the figure), select the option Extent — Same as

— wa_preview (to compute automatically the output on the working area only), and define an output
folder for the raster layer
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2 raster2 RT T37SBR 20180503T080611 B11 y )| @ input_data Yesterdayat 15:16
'3 raster3 RT T37SBR 20180503T080611 BSA @ user ® d
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‘lin} LnJ | nodata |
Index calculation

Decision rules

- @ Align g

Set NoData value |0 % Extent: [] Intersection [ Same as | wa_preview

POLITECNICO MILANO 1863 18/06/2018 - Hands-on session: QGIS [€l= =~ XID)



https://www.sentinel-hub.com/eoproducts/ndvi
https://www.sentinel-hub.com/eoproducts/ndbi

Raster calculator: The SCP Band calc

v The computed raster layers are saved in your local memory and added to your QGIS
project

¢ QGIS 2.14.14-Essen — 3%
Project Edit View Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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Raster calculator: QGIS (core) raster calculator

v A possible improvement of the automatic classification of built-up areas can be obtained by
correcting the NDBI using the NDVI as Built-up = NDBI - NDVI (Masek et al. 2000)

v On the Bar Menu open Raster — Raster Calculator . Type the above equation and
define the features of the output layer (see the figure)
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v

Raster calculator: QGIS (core) raster calculator

In order to create a classification raster (built-up = 1 / non built-up = 0), we can create a
Conditional Raster using the Raster Calculator by setting a threshold on the Built-up
values (see the figure)
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Raster calculator: QGIS (core) raster calculator

v The classified raster layer is saved in your local memory and added to your QGIS project

v Visually compare the obtained classification with the reference natural color imagery
(clip.tif or wa_overview.tif) and make your judgments
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Skills notebook

Y i
l Activate basemaps from external providers for your QGIS project

Search and download satellite imagery data from QGIS

and Processing algorithms

Manipulate raster bands to compute graphical indicators and conditional rasters for
analysing remote sensing data

l Full preprocessing of multispectral satellite imagery with QGIS using both Plugins
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Advanced vector layers editing

Let's now try to perform a supervised classification for the preprocessed images, by following the
previously attempted classification of built-up areas.

First, we need to define training areas within our working area. These will be edited manually as a
multi-polygon shapefile which will contain an attribute field describing the belonging of each polygon
to the classes: 0 = non bulti-up, 1 = built-up. (Assign the same CRS of the multispectral clipped raster

layer we create before!)

On the Bar Menu select Layer — Create layer —New shapefile layer. Define first a type and a name
for the new layer and second, specify its attributes (see the figure)
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Advanced vector layers editing
v Right click on the layer name and select Toggle Editing 4

v Right click on the layer name and select Properties — Fields. For the ‘class’ attribute modify the Edit
widget to Value Map. Specify two classes of value: 0 = non bulti-up, 1 = built-up, then press Ok. The
Value Map option helps to edit the attribute of any new geometry drawn in the new shapefile layer. This
will assign labels to your values (0,1) to facilitate the editing task
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Advanced vector layers editing
v Start to digitalize the training areas by selecting from the Bar Menu Edit — Add feature %

v Click on the Map panel to create the polygon vertices, Right-click to end the polygon drawing. Use a
natural color imagery of the working area as reference. Once the drawing is done, define the type of
class with the attribute Editing widget

v Create a suitable amount of polygons (for this exercise ~ 15) trying to cover any different situation for
built-up and non built-up areas (e.g. sand, crops, dense buildings, scattered buildings, roads, etc.) in the
working area.
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Advanced vector layers editing
v To conclude the editing and save the changes press the Toggle Editing
v Your new shapefile layer now contains the training areas for performing a supervised

classification. The quality of this latter strongly depends on the quality of the selected (and
mapped) training areas
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Skills notebook

Activate basemaps from external providers for your QGIS project

Search and download satellite imagery data from QGIS

Full preprocessing of multispectral satellite imagery with QGIS using both Plugins
and Processing algorithms

Manipulate raster bands to compute graphical indicators and conditional rasters for
analysing remote sensing data

Edit vector layers in QGIS and speed-up the editing of attributes using the Value
Map option
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Extending QGIS functionalities: Add a custom script to the Processing Toolbox

v

.N@A

QGIS does not provide always core functionalities to accomplish complex geoprocessing such as
images classification. Nevertheless QGIS can be extended with processing tools both from external
providers as well as programmed by the users. This is allowed by the Processing Toolbox

In this exercise, we will see how to import a custom R script enabling to perform supervised image
classifications using the Random Forest algorithm

On the Bar Menu select Processing— Options —Providers and Activate the R scripts. Then,
activate the Toolbox
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https://cran.r-project.org/web/packages/randomForest/index.html

Extending QGIS functionalities: Add a custom script to the Processing Toolbox

v Onthe Processing Toolbox panel go on R scripts —Create new R script. Open text file ‘RF_gr’ you
can find in the exercise data folder at: ‘QGIS_ho_wf -> ‘Rscripts’. Copy the text of the file in the Script
editor and save it (do not change the suggest path during the save operation!)

v The script will appear under Processing Toolbox — R scripts —User R scripts
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Skills notebook

Activate basemaps from external providers for your QGIS project

Search and download satellite imagery data from QGIS

Full preprocessing of multispectral satellite imagery with QGIS using both Plugins
and Processing algorithms

Manipulate raster bands to compute graphical indicators and conditional rasters for
analysing remote sensing data

Edit vector layers in QGIS and speed-up the editing of attributes using the Value
Map option

Add a custom script into QGIS
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Extending QGIS functionalities: Perform a supervised image classification for
built-up areas
v Click on the script name. Specify the image to be classified (use the multispectral raster
layer from the Sentinel-2 imagery clipped on the working area), the shapefile containing the
training areas, the attribute of the shapefile containing the classes, and a name for the
output classified raster layer. Then press Run
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v

v

Extending QGIS functionalities: Perform a supervised image classification for

built-up areas

The classified raster layer is saved in your local memory and added to your QGIS project

Visually compare the obtained classification with the reference natural color imagery
(clip.tif or wa_overview.tif) and the classified map obtained from the NDBI computation.

Make your judgments
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Extending QGIS functionalities: Perform a supervised image classification for
built-up areas

v To better outline the differences between the two classified layers, use the Raster
Calculator to compute the map of the differences (classified_layer1 - classified layer 2)

v We obtain a raster having 3 values (-1, 0, 1) depicting the pixel wise agreement of the two
classifications
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Skills notebook

Activate basemaps from external providers for your QGIS project

Search and download satellite imagery data from QGIS

Full preprocessing of multispectral satellite imagery with QGIS using both Plugins
and Processing algorithms

Manipulate raster bands to compute graphical indicators and conditional rasters for
analysing remote sensing data

Edit vector layers in QGIS and speed-up the editing of attributes using the Value
Map option

Add a custom script into QGIS

Perform a supervised classification with QGIS using custom geoprocessing scripts

e N A SN N SRR N

POLITECNICO MILANO 1863 18/06/2018 - Hands-on session: QGIS (€&)m ~ ZAB



Hands-on session: QGIS

... Questions?

Daniele Oxoli

PhD Candidate & Research Fellow
Politecnico di Milano - GEOlab
P.zza Leonardo da Vinci 32,
20133 Milano (IT)
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