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RoOzDZIAL 1

Wprowadzenie

Rozwijana przez Luca Congedo, Semi-Automatic Classification Plugin (SCP) jest wtyczka dla QGIS<http://
www.qgis.org>‘_ o otwartym Zrédle, ktéra pozwala na klasyfikacje pétautomatyczna (klasyfikacja nazdzorowana)
obrazow teledetekcyjnych. Dostarcza wiele narzedzi do pobierania obrazéw, ich przygotowania, postprocessingu,
i obliczen na rastrze (zobacz Co wiasciwie moge zrobic przy pomocy SCP? (strona 231)).

Nadrzednym celem SCP jest zapewnienie zestawu wzajemnie powiazanych narzedzi do przetwarzania rastrow
w celu automatyzacji pracy oraz utatwienia klasyfikacji pokrycia terenu, ktére moze by¢ dokonane przez osoby
dla ktérych teledetekcja nie jest podstawowym polem badawczym. Pierwsza wersja SCP zostala opracowana
przez Luca Congedo w 2012 roku dla ,,ACC Dar Project” w celu stworzenia narzgdzia, dla klasyfikacji w spos6b
przystepny oraz mozliwie automatyczny; kolejne wersje SCP byly opracowane jako osobisty wktad do telede-
tekcji oraz filozofii open-source. SCP w wersji 6 (nazwa kodowa: Greenbelt) jest opracowana w ramach pracy
doktorskiej (PhD) Luca Congedo w dziedzinie krajobrazu i Srodowiska na Uniwersytecie La Sapienza w Rzymie.

Ten podrecznik uzytkownika dostarcza informacje na temat Instalacja wtyczki (strona 3) i Interfejs SCP
(strona 21) wtyczki SCP, z szczegétowymi opisami wszystkich funkcji. Dodatkowo w zakladce Brief Introduction
to Remote Sensing (strona 109) objasnia podstawowe pojecia, koncepcje i definicji ktére sa konieczne aby uzywaé
SCP.

Podreczniki podstawowe (strona 139) sa dostgpne dla szybkiej nauki gtéwnych funkcji SCP.

Serdecznie zapraszam ci¢ do wspétpracy przy SCP (zobacz Wiasny wkiad do SCP (strona 231)) i dotaczenia do
grupy Facebook . Przeczytaj rowniez Najczesciej zadawane pytania (strona 223).

Jesli szukasz wigcej informacji, lub instrukcji krok-po-kroku odwiedzZ oficjalng strong wtyczki.

o/

From GIS to Remote Sensing
Sposéb cytowania:

Congedo Luca (2016). Semi-Automatic Classification Plugin Documentation. DOI: http://dx.doi.org/10.13140/
RG.2.2.29474.02242/1

Licencja:

Jesli inaczej nie oznaczono, zawarto$¢ tej pracy jest publikowana na licencji Creative Commons Attribution-
ShareAlike 4.0 International License.

Semi-Automatic Classification Plugin is free software: you can
redistribute it and/or modify it under the terms of the GNU General
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Public License as published by the Free Software Foundation, version 3 of
the License. Semi-Automatic Classification Plugin is distributed in the
hope that it will be useful, but WITHOUT ANY WARRANTY; without even the
implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more details. You should have
received a copy of the GNU General Public License along with Semi-Automatic
Classification Plugin. If not, see http://www.gnu.org/licenses/.

Thumacze:

Jezyk: Autor
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ROZDZIAL 2

Instalacja wtyczki

Wtyczka Semi-Automatic Classification Plugin wymaga zainstalowanych GDAL, OGR, NumPy, SciPy oraz Mat-
plotlib (aktalnie dotaczonych do QGIS).Ibrl Ten rodziat opisuje instalacje Semi-Automatic Classification Plugin

na wspieranych systemach operacyjnych.

2.1 Instalacja w systemie Windows 32bit

2.1.1 Pobranie i instalacja QGIS
* Pobierz najswiezsza wersje QGIS 32 bit tutaj ;
* Uruchom instalator QGIS z uprawnieniami administratora, akceptujac domySlne ustawienia.

Teraz, QGIS jest zainstalowany.

Laix

[Project| Edt Wiew Lajer Seftngs Phuons Vector Raster Dstabase Web Frocessng Help
OJrBERLDSN VR ARG L RBBLVE-WE L “ W st
E,'® S ee 8 RDDEES ¥ v B R A e bl fep o GH oMY
i ey @ | -
1 R
o]
&
=
)
=
-
[g“cwdnnb:h 0.627,1.028 [scate 1T 1:1.455.856 [= ][5 Render |[Ersciz25 @3]



http://www.gdal.org/
http://www.numpy.org/
http://www.scipy.org/
http://matplotlib.org/
http://matplotlib.org/
https://www.qgis.org/en/site/forusers/download.html
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2.1.2 Instalacja wtyczki Semi-Automatic Classification Plugin

¢ Uruchom QGIS;
* Z gléwnego meny programu wybierz Wtyczki > Zarzadzanie wtyczkami
Project Edit WView Layer Seifings |Plugine | Vector Raster Database Web Processing Help

D - :; ?% and Instal Plugins... % % z’} % % @ ,Q “vt;v LE% | abe

@, Python Console

| ] gk Gl ok

e Z menu Wszystkie, wybierz Semi-Automatic Classification Plugin i kliknij w przycisk Zainstaluj
wtyczke;

Wskazéwka: w przypadku probleméw lub wymogu instalacji offline zobacz W jaki sposob
mozna zainstalowac wtyczke recznie? (strona 224) oraz W jaki sposob zainstalowac wtyczke z
oficjalnego repozytorium SCP? (strona 224).
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Semi-Automatic Classification Plugin M

Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
supervised dassification of remote sensing images, providing tools to expedite the creation of ROIS (training
areas) through region growing or multiple ROI creation. The spectral signatures of training areas can be
automatically caleulated and dieplayed in a spectral signature plot. It is passible to import spactral
signatures from external sources. Also, 3 tool allows for the selection and download of spactral signatures
I satsve from the USGS Spectral Library (http://spaciab.cr.usgs.gov/spectral-ib.htmi). Several tools are available for
R the pre processing phase (image clipping, Landsat conversion o reflactance), the dlassification process
(Minimum Distance, Maximum Likelinood, Spectral Angle Mapping algorithms, and dlassification previews),
earch & format EPSG CRS Plugn: and the post processing phase (conversion ko vector, accuraty assessment, land cover change, dassification

5 selectriusrR report). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotlib. Also, a virtual
machine is available html . Keywords: ®E
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o sneine More info: homepage tracker code repository
B o Maeos Author: Luca Congedo
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* SCP powinno by¢ automatycznie aktywowane; jednak upewnij si¢ ze wtyczka jest zaznaczona w menu
Zainstalowane (restart QGIS moze by¢ wymagany dla dokoriczenia instalacji SCP);

L} Plugin installed successfully: [x]
Search

B Mot installed Remove empty layers from the. - = g 3 .
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o Unradessie <
o ). . Road graph plogin Plugin for the semi-automatic supervised classification designed to expedite the
2t o ¥ Resmeru processing of multispectral or hyperspectral remote sensing images, which provides a

- R Mapserver Exporter set of tools for pre processing and post processing.
Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
8 R Qspider. supervised dassification of remote sensing images, providing tools to expedite the creation of ROIS (training

o RuGeocader areas) through region growing or multiple ROI creation. The spectral signatures of training areas can be
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Scrpumer the pre processing phase (image clipping, Landsat conversion to reflectance), the dassification process
(Minimum Distance, Maximum Likelihood, Spectral Angle Mapping algorithms, and cassification previews),

i search & fomat EPSG CRSPugn || and the post processing phase (conversion to vector, accuracy assessment, land cover change, dassification

3 selectPsrr report). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotiib. Also, 3 virtual
machine is available blogspot. htmi . Keywords: LHEEE2328 WG
21 SelectTools 538+ TG 2 BFFTAER ooVl planil wares ClaseificagSo da Cobertura do Solo Clasificacion de ia
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3% SENSUM Earth Observation Tools [ 25 rating vote(s), 38811 downloads
8 56 Dl Dowrloacer

3 Category: Raster -
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2% shortaut Manager B Upgrade al | ]

2.1.3 Konfiguracja wtyczki

Semi-Automatic Classification Plugin jest zainstalowany i dok, oraz paski narzgdzi powinny by¢ dodane do QGIS.
Dodatkowo, menu SCP jest dostgpne w gléwnym menu programu. Mozesz przesuwaé paski narzedziowe i doki
zgodnie z wlasnymi potrzebami, tak jak na obrazku ponize;j.

4 Rozdziat 2. Instalacja wtyczki
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2.2 Instalacja w systemie Windows 64-bit

2.2.1 Pobranie i instalacja QGIS

* Pobierz najswiezsza wersje QGIS 64 bit tutaj ;
¢ Uruchom instalator QGIS z uprawnieniami administratora, akceptujac domyslne ustawienia.

Teraz, QGIS jest zainstalowany.
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2.2.2 Instalacja wtyczki Semi-Automatic Classification Plugin

¢ Uruchom QGIS;

* Z gtéwnego meny programu wybierz Wtyczki > Zarzadzanie wtyczkami

Project Edit View Layer Setfings |Plugins | Vector Raster Database Web Processing Help
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* Z menu Wszystkie, wybierz Semi-Automatic Classification Plugin i kliknij w przycisk Zainstaluj
wtyczke;

Wskazéwka: w przypadku probleméw lub wymogu instalacji offline zobacz W jaki sposob
mozna zainstalowac wtyczke recznie? (strona 224) oraz W jaki sposob zainstalowacé wtyczke z
oficjalnego repozytorium SCP? (strona 224).
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* SCP powinno by¢ automatycznie aktywowane; jednak upewnij si¢ ze wtyczka jest zaznaczona w menu
Zainstalowane (restart QGIS moze by¢ wymagany dla dokoriczenia instalacji SCP);

Plugin installed successfully: [x]
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2.2.3 Konfiguracja wtyczki

Semi-Automatic Classification Plugin jest zainstalowany i dok, oraz paski narzedzi powinny by¢ dodane do QGIS.
Dodatkowo, menu SCP jest dostgpne w gtéwnym menu programu. Mozesz przesuwaé paski narzgdziowe i doki
zgodnie z wlasnymi potrzebami, tak jak na obrazku ponize;j.
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Konfiguracja dostgpnego RAM jest zalecana aby przyspieszy¢ czas przetwarzania. Z menu Menu SCP (strona 21)

wybierz % Ustawienia > Processing ‘.
SCP
#f Band set

Basic tools >

Vi

Download products
p

[- Preprocessing >

> Band processing >
Postprocessing >

g Band calc

% Batch

2% Settings >  Processing
W= Spectral plot Interface
|#7 Scatter plot Debug

[z User manual
{=} Online help

[/ About

][] show plugin

W Settings (strona 94), ustaw Available RAM (MB) mniej wigcej do polowy systamowego RAM. Przykla-
dowo, jesli tw6j system ma 2GB RAMu, ustaw warto$¢ 1024MB.

2.2. Instalacja w systemie Windows 64-bit 7
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Semi-Automatic Classification Plugin | & = B 8
#¢ Band set Processing
- E
i Basic tools Classification process

‘ Download products | Play sound when finished | Use virtual raster for temp files | +| Raster compression

[> Preprocessing SMTP process notification
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% Batch
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P Temporary directory
About

T - QJ Jtmp/semiautomaticclassification
z|z User manual

& Band calc

(]

{3} oOnline help

Support the SCP

Interface

Debug

2.3 Instalacja w Ubuntu Linux

2.3.1 Pobranie i instalacja QGIS

* Otworz terminal i wpisz:

sudo apt-get update

* Naci$nij Enter i wprowadzZ hasto uzytkownika

* Wpisz w terminalu:

sudo apt-get install ggis python3-matplotlib python3-scipy

¢ Wecisnij Enter i poczekaj na pobranie i instalacj¢ programu.

Teraz, QGIS jest zainstalowany.

8 Rozdziat 2. Instalacja wtyczki
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2.3.2 Instalacja wtyczki Semi-Automatic Classification Plugin

¢ Uruchom QGIS;

* Z gléwnego meny programu wybierz Wtyczki > Zarzadzanie wtyczkami

Project Edit View Layer Settings Plugins Vlector Raster HElp

. —: ﬁ Manage and Install Plugins... = | )
e ood R Y
": Python Console

o

@ﬁ-le

- B0 - g

e Z menu Wszystkie, wybierz Semi-Automatic Classification Plugin i kliknij w przycisk Zainstaluj
wtyczke;

Wskazéwka: w przypadku probleméw lub wymogu instalacji offline zobacz W jaki sposob
mozna zainstalowac wtyczke recznie? (strona 224) oraz W jaki sposob zainstalowac wtyczke z
oficjalnego repozytorium SCP? (strona 224).
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Plugin for the semi to expedite the

@4 Rss menu processing of multispectral or hyperspectral remote sensing images, which provides a
i KT MepServer Exporter set of tools for pre processing and post processing.

& RT Omero

= Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic

£ RT Qspider supervised dassification of remote sensing images, providing tools to expedite the creation of ROIS (training
9 RuGeocoder areas) through region growing or multiple ROI creation. The spactral signatures of training areas can be

Sl automatically caleulated and dieplayed in a spectral signature plot. It is possible to import spactral

o . signatures from external sources. Also, 3 tool allows for the selection and download of spectral signatures
3 satsve from the USGS Spectral Library (http://spaciab.cr.usgs.gov/spectral-iib.htmi). Several tools are available for
i seromumer the pre processing phase (mage cipping, Landsat conversion to reflectance), the dassification process

= (Minimum Distance, Maximum Likelihood, Spectral Angle Mapping algorithms, and classification previews),

i semch aformat 956 RS Muon || and the post processing phase (conversion to vector, accuracy assessment, land cover change, dassification

o seectFlusR report). This plugin requires the installation of GDAL, OGR, Numpy, SciPy and Matplotlib. Also, a virtual
machmg is available http:, html . Keywords: 1@ 5 HE

iRty HHEES % IRFTEH 0oLVl slaniwl s Classificagdo da Cobertura do Solo Clasificaion de la

24 selenext Cobsrtura dela T\erra Classification de |a Couverture du Sol knaccnbrkauns 3emnenons3osaHna

della Copertura del Suclo. For more information please

visit http: //fmmg\stors blogspot.com/
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i S Disgram Doanioader
i shapefle Encnding Fuer diassification dos1.ciip,remote sensing,mask,analysis,land cover change J i
4 sheios. More info: homepage tracker code repository
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* SCP powinno by¢ automatycznie aktywowane; jednak upewnij si¢ ze wtyczka jest zaznaczona w menu
Zainstalowane (restart QGIS moze by¢ wymagany dla dokoficzenia instalacji SCP);

2.3. Instalacja w Ubuntu Linux 9
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2.3.3 Konfiguracja wtyczki

Semi-Automatic Classification Plugin jest zainstalowany i dok, oraz paski narzedzi powinny by¢ dodane do QGIS.
Dodatkowo, menu SCP jest dostgpne w gléwnym menu programu. Mozesz przesuwac paski narzedziowe i doki
zgodnie z wlasnymi potrzebami, tak jak na obrazku ponize;j.
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SCPDod: | Layers Panel _V_
Ctrl+K) Ready Coordinate  -0.732,-0.957 5 Scale 1:1.372.611 v g Magnifier 100% £ Rotation | 0.0° {  Render @ EPSG4326 @

Konfiguracja dostgpnego RAM jest zalecana aby przyspieszy¢ czas przetwarzania. Z menu Menu SCP (strona 21)

wybierz x Ustawienia > Processing* .
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SCP

@ Band set

. Basic tools >
& Download products
[= Preprocessing >
®» Band processing >

@ Fostprocessing >

= Band calc

& Batch

#$ Settings > Processing
e
e

Spectral plot Interface
Scatter plot Debug
[z User manual

s} Online help

[C

[/ About
][] show plugin

W Settings (strona 94), ustaw Available RAM (MB) mniej wigcej do polowy systamowego RAM. Przykla-
dowo, jesli tw6j system ma 2GB RAMu, ustaw warto$¢ 1024MB.

2.3. Instalacja w Ubuntu Linux 11
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Interface
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2.4 Instalacja w systemie Debian Linux

2.4.1 Pobranie i instalacja QGIS

* Otworz terminal i wpisz:

sudo apt-get update

* Naci$nij Enter i wprowadzZ hasto uzytkownika

* Wpisz w terminalu:

sudo apt-get install ggis python3-matplotlib python3-scipy

¢ Wecisnij Enter i poczekaj na pobranie i instalacj¢ programu.

Teraz, QGIS jest zainstalowany.
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2.4.2 Instalacja wtyczki Semi-Automatic Classification Plugin

¢ Uruchom QGIS;

* Z gtéwnego meny programu wybierz Wtyczki > Zarzadzanie wtyczkami

Prn}ect Edit View Layer Settings Plugins Vector Raster Database Processing Help

D . ’_3 _Q ﬂ Manage and Install Plugins...

: :fﬁfv p/ r'g e C:J % Ui #._ Python Console

ViUivp & B E =D

e Z menu Wszystkie, wybierz Semi-Automatic Classification Plugin i kliknij w przycisk Zainstaluj
wtyczke;

Wskazéwka: w przypadku probleméw lub wymogu instalacji offline zobacz W jaki sposob
mozna zainstalowac wtyczke recznie? (strona 224) oraz W jaki sposob zainstalowac wtyczke z
oficjalnego repozytorium SCP? (strona 224).

Search | ]

24 Remove empty layers from the mi®.

Semi-Automatic Classification Plugin M

U riverals
% " i
a Rosdgaonpign Plugin for the to expedite the
& Resmenu processing of multispectral or hyperspectral remote sensing images, which provides a
U RT Mapserver Exporter set of tools for pre processing and post processing.
2% RT Omere
= Written by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the semi-automatic
S RT QSpider supervised dassification of remote sensing images, providing tools to expedite the creation of ROIS (training
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* SCP powinno by¢ automatycznie aktywowane; jednak upewnij si¢ ze wtyczka jest zaznaczona w menu
Zainstalowane (restart QGIS moze by¢ wymagany dla dokoriczenia instalacji SCP);

2.4. Instalacja w systemie Debian Linux 13
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2.4.3 Konfiguracja wtyczki

Semi-Automatic Classification Plugin jest zainstalowany i dok, oraz paski narzedzi powinny by¢ dodane do QGIS.
Dodatkowo, menu SCP jest dostgpne w gléwnym menu programu. Mozesz przesuwac paski narzedziowe i doki
zgodnie z wlasnymi potrzebami, tak jak na obrazku ponize;j.
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Konfiguracja dostgpnego RAM jest zalecana aby przyspieszy¢ czas przetwarzania. Z menu Menu SCP (strona 21)

wybierz x Ustawienia > Processing* .

14 Rozdziat 2. Instalacja wtyczki



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

SCP

@ Band set

. Basic tools >
& Download products
[= Preprocessing >
®» Band processing >

@ Fostprocessing >

= Band calc

& Batch

#$ Settings > Processing
e
e

Spectral plot Interface
Scatter plot Debug
[z User manual

s} Online help
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[/ About
][] show plugin

W Settings (strona 94), ustaw Available RAM (MB) mniej wigcej do polowy systamowego RAM. Przykla-

dowo, jesli tw6j system ma 2GB RAMu, ustaw warto$¢ 1024MB.

2.4. Instalacja w systemie Debian Linux
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2.5 Instalacja w MacOS

2.5.1 Pobranie i

instalacja QGIS

¢ Download and install the latest version of QGIS and GDAL from here .

Teraz, QGIS jest zainstalowany.
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2.5.2 Instalacja wtyczki Semi-Automatic Classification Plugin

¢ Uruchom QGIS;

16

Rozdziat 2. Instalacja wtyczki



https://qgis.org/it/site/forusers/download.html#mac

Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

* Z gtéwnego meny programu wybierz Wtyczki > Zarzadzanie wtyczkami

Project Edit View Layer Settings Plugins Vector Raster Help

EN 1$Manage and Install Plugins... = T T e T i =— T
lﬂ% RAR:@&-F-G & B -
F Python Console

* Z menu Wszystkie, wybierz Semi-Automatic Classification Plugin i kliknij w przycisk Zainstaluj
wtyczke;

Wskazéwka: w przypadku probleméw lub wymogu instalacji offline zobacz W jaki sposob
mozna zainstalowac wtyczke recznie? (strona 224) oraz W jaki sposob zainstalowac wtyczke z
oficjalnego repozytorium SCP? (strona 224).
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In case of missing dependencies, you could get error messages such as the following example with matplotlib:

Couldn't load plugin 'SemiAutematicClassificationPlugin- master due to an error when calling its classFactory() method

ModuleNotFoundError: No module named ‘matplotlib’

Troceback (sost recent call last):
File “/Applications/QGI53.6.app/Contents/Mac0s/ .  /Resources/python/ggis/utils.py", lime 335, in startPlugin
plugins[packageNome] = package.classFactory(iface)

To install matplotlib type in a terminal:

sudo pip3 install matplotlib

and repeat this step for other missing dependencies.

2.5.3 Konfiguracja wtyczki

Semi-Automatic Classification Plugin jest zainstalowany i dok, oraz paski narze¢dzi powinny by¢ dodane do QGIS.
Dodatkowo, meny SCP jest dostgpne w gléwnym menu programu. Mozesz przesuwac paski narzedziowe i doki
zgodnie z wlasnymi potrzebami, tak jak na obrazku ponize;j.
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Konfiguracja dostgpnego RAM jest zalecana aby przyspieszy¢ czas przetwarzania. Z menu Menu SCP (strona 21)

wybierz x Ustawienia > Processing ‘.
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SCP

@ Band set

. Basic tools >
& Download products
[= Preprocessing >
®» Band processing >

@ Fostprocessing >

= Band calc

& Batch

#$ Settings > Processing
e
e

Spectral plot Interface
Scatter plot Debug
[z User manual

s} Online help

[C

[/ About
][] show plugin

W Settings (strona 94), ustaw Available RAM (MB) mniej wigcej do polowy systamowego RAM. Przykla-

dowo, jesli tw6j system ma 2GB RAMu, ustaw warto$¢ 1024MB.

2.5. Instalacja w MacOS
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#f Band set

= Basic tools

& Download products

[> Preprocessing

%> Band processing

@ Postprocessing

& Band calc

& Batch

[/ About

[z User manual

{3} oOnline help

Support the SCP

Semi-Automatic Classification Plugin

Processing

|| Play sound when finished || Usevirtual raster for temp files  |+| Raster compression

process notification

[SMTP server

|user

|+| remember

|| Send email of completed processto |

RAM

Available RAM (MB)

Temporary directory

1024 3|

Q

Jtmp/semiautomaticclassification

(]

Interface

Debug
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ROZDZIAL 3

Interfejs SCP

Interfejs SCP jest ztozony z kilkunastu czgsci ktére sa opisane szczegétowo w nastgpnych akapitach.

3.1 Menu SCP

The SCP menu allows for the selection of the main functions of the Main Interface Window (strona 36), the Wykres
sygnatur widmowych (strona 98), and the Wykres punktowy (strona 104).

. g Band set (strona 37);
. & Download products (strona 51);

nm
« 2 Busic tools (strona 40);

- |
. Preprocessing (strona 56);

~

. Postprocessing (strona 75);
J ﬁ Band calc (strona 87);

. % Wykres sygnatur widmowych (strona 98);

Ea*f.
o bl Wykres punktowy (strona 104);

. 3 Batch (strona 91);
. x Settings (strona 94);

User Manual: otworz instrukcje obstugi online w przegladarce internetowej
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SCP

g Band set

. Basic tools >
& Download products
[= Preprocessing >
Band processing >
Postprocessing >
Band calc

Batch

Settings >

Spectral plot

TN ReeEaV

Scatter plot

[z User manual
{s} Online help

[/ About

1] show plugin

Rys. 1: Menu SCP
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0o
o
« Y= Online help: open the Online help in a web browser; also, a Facebook group is available for sharing
information and asking for help about SCP;

. |:|] [|:| Pokaz? wtyczke: uaktywnia wszystkie paski narzedziowe i panel SCP jesli byly wezesniej ukryte;

3.2 SCP dock

The SCP dock allows for the the creation of ROIs (Regions Of Interest) and spectral signatures, and the classi-
fication of a Band set (strona 37). The Training input (strona 24), created with SCP, stores the ROI polygons
and spectral signatures used for the land cover classification (see Tutorial 1: Your First Land Cover Classification
(strona 139)).

ROIs are polygons used for the definition of the spectral characteristics of land cover classes. Spectral signatures
of classes are calculated from the ROISs or can be imported from other sources (see Import signatures (strona 44)).
It is worth pointing out that classification is always based on spectral signatures.

SCP allows for the creation of temporary ROI polygons using a region growing algorithm or drawn manually with
the tools provided in the Working toolbar (strona 34). Temporary ROI polygons can be saved in the Training input
(strona 24) along with the spectral signatures of the ROIL.

The Training input (strona 24) is composed of a vector part (i.e. a shapefile) and a spectral signature part which
are independent. The attribute table of the vector contains four fields as in the following table.

Training input fields

Description Field name | Field type
Macroclass ID MC_ID int
Macroclass Information | MC_info string
Class ID C_ID int

Class Information C_info string

In SCP, land cover classes (and ROIs) are defined with a system of Classes (Class ID) and Macroclasses (Macroc-
lass ID) (see Classes and Macroclasses (strona 118)) that are used for the classification process; each Macroclass
ID is related to a Macroclass Information (e.g. macroclass name) and each Class ID is related to a Class Informa-
tion (e.g. class name), but only Macroclass ID and Class ID are used for the classification process.

The use of the Macroclass ID or Class ID for classifications is defined with the option Use MC ID or C ID in
the Algorithm (strona 31). It is worth highlighting that when using Macroclass ID all the spectral signatures are
evaluated separately and each pixel is classified with the corresponding MC ID (i.e. there is no combination of
signatures before the classification).

The classification can be performed for the entire image ( Algorithm (strona 31) ) or a part of it, creating a
Classification preview (strona 35).

The SCP dock contains the following tabs:

e Home (strona 24)
— SCP news (strona 24)

* Training input (strona 24)
— ROI Signature list (strona 27)
— Macroclasses (strona 28)

— ROI options (strona 28)

* Classification (strona 31)
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— Algorithm (strona 31)
— Land Cover Signature Classification (strona 33)

— Classification output (strona 33)

The left side of SCP dock contains buttons for accessing the main functions of SCP.

3.2.1 Home

The tab Home contains the buttons for accessing the main functions of SCP:

o

. i Band set (strona 37);
nm

o I'E- Basic tools (strona 40);

J k Download products (strona 51);
- |

. Preprocessing (strona 56);

J B Band processing (strona 70);

. a Postprocessing (strona 75);

. ﬁ Band calc (strona 87);
. 3 Batch (strona 91);

SCP news
This section displays news about the SCP and related services. News are downloaded on startup (internet connec-
tion required). It can be enabled or disabled in the settings Dock (strona 97).
It also contains the following buttons:
e User manual: open the link to the user manual;
* Ask a question: open the link to the online help;

e Support the SCP: open the link to support the SCP ;

3.2.2 Training input

This tool allows for the creation of the training input file (. scp ) required for storing ROIs and spectral signa-
tures. The training input file is created according to the characteristics of the active band set defined in Band set
(strona 37). A new training input file should be created for every band set, unless the band sets have the same
spectral characteristics and coordinate reference system.

. ﬂ: open a training input file; ROIs and spectral signatures are loaded in RO! Signature list (strona 27);
the vector part of the training input is loaded in QGIS;

. I:i: create an empty training input file (. scp); the vector part of the training input is loaded in QGIS;
also a backup file is created (a file . scp.backup in the same directory as the file . scp) when the training
input file is saved;
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o

SCP Dock @

g SCP Version 6.0.0 - Greenbelt

: w2 S > AE S
L prrrssssss———

v
} i< @

L

Rys. 2: Home

ﬁlmlv ?l*l[}.'lm h Classification h Training input
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e Training input T : it displays the path to the training input file;

The training input is displayed in QGIS as vector file. ROIs and spectral signatures are displayed in the RO/
Signature list (strona 27). Macroclasses are defined in the Macroclasses (strona 28).

ROI Signature list

The tab ROI Signature list displays the ROI polygons and spectral signatures contained in the training input file.
If an item is a ROI polygon, double click the item to zoom to that ROI in the map. Items in the table can be
highlighted with the mouse left click.

Changes in the ROI Signature list are applied to the file Training input (strona 24) only when the QGIS project is
saved. ROIs can be edited, deleted and merged from this table.

ROIs and spectral signatures can be imported from other sources (see lmport signatures (strona 44)) and exported
(see Export signatures (strona 46)).

WARNING: In order to avoid data loss, do not edit the vector Training input using the QGIS tools.
Use only the tools of SCP for managing the Training input.

o == ROI Signature list:

S: selection checkbox; only the spectral signatures checked in this list are used for the classifica-
tion process;

— Type: type of the item:
% R = only ROI polygon;
* § = only spectral signature;
% B =both ROI and spectral signature;

— MC ID: ROI Macroclass ID [int]; it can be edited with a single click; MC Info is displayed in
Macroclasses (strona 28); if the ID of a spectral signature is set 0, then pixels belonging to this
signature are labelled as unclassified;

— CID: ROI Class ID [int]; it can be edited with a single click;
— C Info: ROI Class Information [text]; it can be edited with a single click;

— Color: C ID color; double click to select a color for the class that is used in the classification;
if the ID of a spectral signature is set 0, then pixels belonging to this signature are labelled as
unclassified;

. &: merge highlighted spectral signatures or ROIs obtaining a new signature calculated as the average of
signature values for each band (covariance matrix is excluded);

Sy
. E.\& calculate spectral signatures of highlighted ROIs using the active band set in Band set (strona 37);
. ﬁ delete highlighted ROIs and signatures;

. %: show the ROI spectral signature in the Wykres sygnatur widmowych (strona 98); spectral signature is
calculated from the Band set (strona 37);

Wl

: open the Wykres punktowy (strona 104);

open the tab Import signatures (strona 44);

. _*....|: open the tab Export signatures (strona 46);
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ROI Signature list is complementary to the Working toolbar (strona 34) and it allows for saving ROIs to the
Training input (strona 24) defining classes and macroclasses. A Band set (strona 37) must be defined before the
ROI creation, and ROI polygons must be inside the area of the Band set.

e MCID v : ROI Macroclass ID [int]; the corresponding MC Info is loaded if already defined in
Macroclasses (strona 28);

7 @
* MC Info i : ROI Macroclass information [text]; style and information for macroclasses are defined
in Macroclasses (strona 28);

e CID v : ROI Class ID [int];

1 @
e CInfo & : ROI Class information [text];

[

: delete the last saved ROI from the Training input (strona 24);

=
v L . : . L
— Autosave : if checked, automatically save the ROI Signature list to the Training input (strona 24)
every time a ROI is saved;

[ &

. ¥ Calculate sig. : if checked, while saving a ROI, the spectral signature thereof is calculated (from
Band set (strona 37) pixels under ROI polygon) and saved to Training input (strona 24) (calculation time
depends on the band number of the active band set in Band set (strona 37));

. %; save the temporary ROI to the Training input (strona 24) using the defined classes and macroclasses;
ROl is displayed in the RO! Signature list (strona 27);

Macroclasses

Macroclasses allows for the definition of Macroclass names and colors (used to display the results of Classifica-
tion preview (strona 35) and Algorithm (strona 31)). According to Algorithm (strona 31), classifications performed
using C ID have the colors defined for classes in the ROI Signature list (strona 27); classifications performed using
MC ID have the colors defined in the Macroclasses (strona 28).

MC IDs are automatically added to this table when a new ROI is saved to the ROI Signature list (strona 27) (if the
MC ID is not already in the list). Settings are stored in Training input (strona 24).

o == Macroclasses
— MC ID: Macroclass ID [int]; it can be edited with a single click;
— MC Info: Macroclass Information [text]; it can be edited with a single click;

— Color: MC ID color; double click to select a color for the class that is used in the classification;

o + . add a new row to the table;

. : delete the highlighted rows from the table;

ROI options

ROI options are useful for displaying pixel values or improving the creation of ROIs.

- o
. ~ Display -~ : if the ROI creation pointer is active (see Working toolbar (strona 34)), the pixel value of selecte
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NDVI (Normalized Difference Vegetation Index); NDVI requires the near-infrared and red bands;

EVI (Enhanced Vegetation Index); EVI requires the blue, near-infrared and red bands converted
to reflectance; wavelengths must be defined in the Band set (strona 37);

Custom; use the custom expression defined in the following line;

' |
o (1 : set a custom expression; expression is based on the Band set; bands are defined as
bandset#b + band number (e.g. bandset#bl for the first band of the Band set); for example
NDVI for a Landsat image would be ( bandset#b4 - bandset#b3 )/ ( bandset#b4 +

bandset#b3);

.~ Rapid ROI b. | 1~ ¢ : if checked, temporary ROI is created with region growing using only one
Band set (strona 37) band (i.e.region growing is rapider); the band is defined by the Band set number; if
unchecked, ROl is the result of the intersection between ROIs calculated on every band (i.e. region growing
is slower, but ROI is spectrally homogeneous in every band);

L]
e = Auto-refresh ROI: calculate automatically a new temporary ROI while Region growing parameters in
the Working toolbar (strona 34) are being changed;

L]
e " Auto-plot: calculate automatically the temporary ROI spectral signature and display it in the Wykres
sygnatur widmowych (strona 98) (MC Info of this spectral signature is set tempo_ROTI);

3.2.3 Classification

This tab allows for the classification of the active band set defined in Band set (strona 37).

Classification is performed using the active band set and the spectral signatures checked in ROI Signature list
(strona 27). Several classification options are set in this tab which affect the classification process also during the
Classification preview (strona 35).

In particular the following options are available:

a
e Use ¥ MCID ~ CID 1 if MC ID is checked, the classification is performed using the Macroclass

ID (code MC ID of the signature); if C ID is checked, the classification is performed using the Class ID
(code C ID of the signature);

. i : open the Algorithm band weight (strona 42) for the definition of band weights;

Algorithm

This tool allows for the selection of the classification algorithm and the optiona definition of thresholds.

r . . . .
o : available Classification Algorithms (strona 118) are:
— Minimum Distance (strona 120);
— Maximum Likelihood (strona 120);

— Spectral Angle Mapping (strona 121);
« Threshold | '~ : it allows for the definition of a classification threshold (applied to all the spectral signatures); if '
— for Minimum Distance, pixels are unclassified if distance is greater than threshold value;

— for Maximum Likelihood, pixels are unclassified if probability is less than threshold value (max
100);

3.2. SCP dock 31



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

SCP Dock o X

Use | | MCID |v| CID £ 3
Minimum Distance w
Threshold 0,0000 © @
Land Cover Signature Classification
Use | | LCS A
| Algorithm | only overlap

Load qml style !| gij

| Apply mask |
| Create vector | Classification report

| Save algorithm files

XY

ﬁlﬁl?l?l*lpllmh Classification m Training input k] Home

Rys. 6: Classification
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— for Spectral Angle Mapping, pixels are unclassified if spectral angle distance is greater than thre-
shold value (max 90);

. EE open the Signature threshold (strona 48) for the definition of signature thresholds;

Land Cover Signature Classification

Land Cover Signature Classification (strona 122) is a classification that can be used as alternative or in combi-
nation with the Algorithm (strona 31) (see LCS threshold (strona 49)). Pixels belonging to two or more different
classes (or macroclasses) are classified as Class overlap with raster value = -1000.

e Use & LCS & Algorithm L4 only overlap: if LCS is checked, the Land Cover Signature Classification

is used; if Algorithm is checked, the selected Algorithm (strona 31) is used for unclassified pixels of the Land
Cover Signature Classification; if only overlap is checked, the selected Algorithm (strona 31) is used only
for class overlapping pixels of the Land Cover Signature Classification; unclassified pixels of the Land
Cover Signature Classification are left unclassified;

. @ open the LCS threshold (strona 49);

Classification output

Classification output allows for the classification of the Band set (strona 37) according to the parameters defined
in Algorithm (strona 31).

In addition, a previously saved classification style (QGIS .qml file) can be loaded and used for classification style.

Classification raster is a file .tif (a QGIS style file . gml is saved along with the classification); also other
outputs can be optionally calculated. Outputs are loaded in QGIS after the calculation.

@
* Load gml ﬂ : select a .qml file overriding the colors defined for C ID or MC ID;

CJd

. #: reset style to default (i.e. use the colors defined for C ID or MC ID);

.~ Apply mask : if checked, a shapefile can be selected for masking the classification output (i.e. the
area outside the shapefile is not classified);

CJ

. *: reset the mask shapefile;
o £ Create vector : if checked, in addition to the classification raster, a classification shapefile is saved

in the same directory and with the same name as the Classification output; conversion to vector can also be
performed at a later time (see Classification to vector (strona 80));

. I Classification report . if checked, a report about the land cover classification is calculated and
saved as a .csv file in the same directory and with the same name (with the suffix _report) as the Classi-
fication output; report can also be performed at a later time (see Classification report (strona 77));

. ~ Save algorithm files ’ . if checked, the Algorithm raster (strona 124) is saved, in addition
to the classification raster, in the same directory as the Classification output; a raster for each spectral
signature used as input (with the suffix _sig_MC ID_C ID) and a general algorithm raster (with the
suffix _alg_raster) are created;

. 5 : choose the output destination and start the image classification;
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3.3 Working toolbar
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Rys. 7: Working toolbar

The Working toolbar allows for creating temporary ROIs and classification previews.

* Image control (strona 34)

e Temporary ROI (strona 34)

* Classification preview (strona 35)

The functions are described in detail in the following paragraphs.

3.3.1 Image control

J @: show the Main Interface Window (strona 36);
. @ : zoom the map to the extent of the active band set in Band set (strona 37);

. S RGB=_ > . : use the button to show/hide the active band set in Band set (strona 37) in the map;
from the list select a Color Composite (strona 116) that is applied to the Band set (strona 37); new color
composites can be entered typing the band numbers separated by — or ; or , (e.g. RGB =4-3-2 or RGB =
4;3;2 or RGB =4,3,2);

. %: display the input image stretching the minimum and maximum values according to cumulative count
of current map extent;

. f&\: display the input image stretching the minimum and maximum values according to standard deviation
of current map extent;

http://www.youtube.com/watch?v=9jA_Rh8Y{KQ

3.3.2 Temporary ROI

A temporary ROI is a temporary polygon displayed in the map, which can be saved permanently in the 7raining
input (strona 24). A temporary ROI can be drawn manually or using a Region Growing Algorithm (strona 117)
(i.e. the image is segmented around a pixel seed including spectrally homogeneous pixels).

. D: zoom the map to the extent of temporary ROI,

L]
e " ROI: use the button to show/hide the femporary ROI and the Training input in the map;

- »
o

o b " activate the pointer to create a temporary ROI by drawing a polygon in the map; left click on the map
to define the ROI vertices and right click to define the last vertex closing the polygon; press the keyboard
button CTRL to add a multipart polygon; press the keyboard buttons CTRL + Z for removing the last
multipart polygon;

. : activate the pointer to create a femporary ROI using the region growing algorithm; left click on the
map for creating the ROI; right click on the map for displaying the spectral signature of a pixel of the active
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band set in the Wykres sygnatur widmowych (strona 98); press the keyboard button CTRL and left click to
add a multipart polygon (new parts are not created if overlapping to other parts); press the keyboard buttons
CTRL + Z for removing the last multipart polygon; press the keyboard button CTRL and right click to plot
spectral signatures of the same pixel for all the band sets;

. . create a temporary ROI using the region growing algorithm at the same seed pixel as the previous
one; it is useful after changing the region growing parameters;

Region growing parameters: the following parameters are required for the ROI creation using a region growing algorithm o

e Dist | v : set the interval which defines the maximum spectral distance between the seed pixel
and the surrounding pixels (in radiometry unit);

o Min | 1v ¢ : set the minimum area of a ROI (in pixel unit); this setting overrides the Range
radius until the minimum ROI size is reached; if Rapid ROI on band is checked, then ROI
will have at least the size defined Min ROI size;if Rapid ROI on band is unchecked, then
ROI could have a size smaller than Min ROI size;

o Max ' '~ : set the maximum width of a ROI (i.e. the side length of a square, centred at the seed
pixel, which inscribes the ROI) in pixel unit;

http://www.youtube.com/watch?v=CQgNtIOU6mI

3.3.3 Classification preview

Classification preview allows for displaying temporary classifications (i.e. classification previews). Classification
previews are useful for testing the algorithm in a small area of the Band set (strona 37), before classifying the
entire image which can be time consuming (see Classification output (strona 33)).

Classification preview is performed according to the parameters defined in Algorithm (strona 31).

In addition to the classification raster, an Algorithm raster (strona 124) can be displayed, which is useful for asses-
sing the distance of a pixel classified as class X from the corresponding spectral signature X. In Classification
previews, black pixels are distant from the corresponding spectral signature (i.e. probably a new ROI, or spectral
signature, should be collected in that area) and white pixels are closer to the corresponding spectral signature (i.e.
probably the spectral signature identifies correctly those pixels).

After the creation of a new preview, old previews are placed in QGIS Layers inside a layer group named
Class_temp_group (custom name can be defined in Temporary group name (strona 97)) and are deleted
when the QGIS session is closed.

WARNING: Classification previews are automatically deleted from disk when the QGIS session is
closed; a QGIS message (that can be ignored) could ask for the path of missing layers when opening
a previously saved project.

. : zoom the map to the extent of the last Classification preview (strona 35);

L]
e =" Preview: use the button to show/hide the last Classification preview (strona 35) in the map;

=

. : activate the pointer for the creation of a Classification preview (strona 35); left click the map to start
the classification process and display the classification preview; right click to start the classification process
and show the Algorithm raster (strona 124) of the preview;

O
. J: create a new Classification preview (strona 35) centred at the same pixel as the previous one;
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o T LIVl change dynamically the classification preview transparency, which is useful for comparing the
classification to other layers;

! ]
Y : size of the preview in pixel unit (i.e. the side length of a square, centred at the clicked pixel);

. ‘: remove from QGIS the classification previews that are archived in the Class_temp_group;

3.4 Main Interface Window

The Main Interface Window is composed of several tabs described in detail in the following paragraphs. Tabs can
be selected through the menu at the left side.

* Band set (strona 37)
— Multiband image list (strona 38)
— Single band list (strona 38)
— Band set definition (strona 38)
— Band set tools (strona 40)

* Basic tools (strona 40)

— RGB list (strona 40)

Algorithm band weight (strona 42)

Multiple ROI Creation (strona 43)

Import signatures (strona 44)

Export signatures (strona 46)

Signature threshold (strona 48)

LCS threshold (strona 49)
* Download products (strona 51)
— Login data (strona 51)
— Search (strona 52)
— Download options (strona 55)

* Preprocessing (strona 56)

Landsat (strona 56)

Sentinel-2 (strona 58)

Sentinel-3 (strona 59)

ASTER (strona 61)

MODIS (strona 62)

Vector to raster (strona 64)

Clip multiple rasters (strona 65)

Split raster bands (strona 66)

Stack raster bands (strona 67)

Mosaic band sets (strona 67)
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— Cloud masking (strona 69)
* Band processing (strona 70)
— Band combination (strona 70)

— PCA (strona 71)

Clustering (strona 72)

Spectral distance (strona 73)

* Postprocessing (strona 75)

Accuracy (strona 75)
— Land cover change (strona 76)
— Classification report (strona 77)
— Cross classification (strona 78)
— Class signature (strona 79)
— Classification to vector (strona 80)
— Reclassification (strona 81)
— Edit raster (strona 82)
— Classification sieve (strona 84)
— Classification erosion (strona 85)
— Classification dilation (strona 86)
e Band calc (strona 87)
Band list (strona 87)

Expression (strona 87)

Index calculation (strona 89)

Decision rules (strona 89)
— Output raster (strona 90)
e Batch (strona 91)
— Batch (strona 91)
— Run (strona 94)
o Settings (strona 94)
— Processing (strona 94)

— Interface (strona 96)

— Debug (strona 97)

3.4.1 Band set

Image input in SCP is named band set. This tab allows for the definition of one or more band sets used as input
for classification and other tools.

Band sets are identified by numbers. The active band set (i.e. the tab selected in Band set definition (strona 38)
with bold green name) is used as input for the tools in SCP dock (strona 23) and Working toolbar (strona 34).
Other SCP tools allow for the selection of band set numbers.

The Band set definition is saved with the QGIS project.
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Multiband image list

£ Basic tools

‘ Download products Single band list

Semi-Automatic Classification Plugin | o B B

¢ Preprocessing
#» Band processing

Postprocessing

e Band set definition
& Bistch Band set 1 [CJ
X settings —
Band name ©  Center wavelength ° Multiplicative Fact
[7 About

|5 User manual

{s} online help

L ) 3l

Support the SCP
Band set tools

|| Create virtual rast | | Create rasterof bi | | Build band overvie | | Band calc express RUN s

Quick wavelength settings [ VJ Wavelength unit | band numbe v @J @J

Rys. 8: i Band set

Multiband image list

This section allows for the selection of a multiband raster. If selected, raster bands are listed in the active band set.

o L_>I: select the input image from a list of multispectral images loaded in QGIS;
. ': open one or more raster files that are added to the active band set and loaded in QGIS;

. 0 : refresh layer list;

Single band list

List of single band rasters already loaded in QGIS. It is possible to select one or more bands to be added to the
active band set.

. 0 : refresh list of raster bands loaded in QGIS;

—

o L—": select all raster bands;

.+

. add selected rasters to the active band set.

Band set definition

Definition of bands composing the band sets . The active band set is the tab selected with bold green name. It is
possible to add new band sets clicking the following button:
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. ﬂ: add a new empty band set;

Click the m in the tab to remove the corresponding band set. Band sets can be reordered dragging the tabs.

The Center wavelength of bands should be defined in order to use several functions of SCP. If the Center wave-
length of bands is not defined, the band number is used and some SCP tools will be disabled.

It is possible to define a multiplicative rescaling factor and additive rescaling factor for each band (for instance
using the values in Landsat metadata), which are used on the fly (i.e. pixel value = original pixel
value » multiplicative rescaling factor + additive rescaling factor) during the
processing.

Every band set is defined with the following table:
o ' Band set #: table containing the following fields;
¥ .
— Band name : name of the band; name cannot be edited;
&
— Center wavelength : center of the wavelength of the band;
— Multiplicative Factor : multiplicative rescaling factor;
. @ . .
— Additive Factor : additive rescaling factor;
. » .
— Wavelength unit : wavelength unit;
I .
— Image name : image name for multiband rasters;
. [I]: move highlighted bands upward;
. @: move highlighted bands downward,;
. ﬁ}_::] : sort automatically bands by name, giving priority to the ending numbers of name;
. B: remove highlighted bands from the active band set;
. ¥ : clear all bands from active band set;

* Quick wavelength settings |~ : rapid definition of band center wavelength for the following satellite sensors:

ASTER;
GeoEye-1;
Landsat 8 OLI;
Landsat 7 ETM+;
Landsat 5 TM;

Landsat 4 TM;
Landsat 1, 2, and 3 MSS;
- MODIS;
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Pleiades;
QuickBird;
RapidEye;

Sentinel-2;

Sentinel-3;

— SPOT 4;

SPOT 5;

SPOT 6;

WorldView-2 and WorldView-3;

o
o Wavelength unit > : select the wavelength unit among:
— Band number: no unit, only band number;
— pum: micrometres;

— nm: nanometres;

. I: import a previously saved active band set from file;

. 1: export the active band set to a file;
http://www.youtube.com/watch?v=1PclAtPjyZE

Band set tools

It is possible to perform several processes directly on active band set.

3

Create virtual raster of band set: if checked, create a virtual raster of bands;

<

Create raster of band set (stack bands): if checked, stack all the bands and create a unique .tif raster;

<

Build band overviews: if checked, build raster overviews (i.e. pyramids) for improving display perfor-
mance; overview files are created in the same directory as bands;

. £ Band calc expression: if checked, calculate the Expression (strona 87) entered in Band calc (strona 87);
it is recommended the use of Band set variables in the expression (e.g. bandset#bl );

* RUN s : choose the output destination and start the process;

3.4.2 Basic tools

nm
The tab 2= Basic tools includes several tools for manipulating input data.

RGB list

This tab allows for managing the RGB Color Composite (strona 116) used in the list RGB= of the Image control
(strona 34).
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Semi-Automatic Classification Plugin | & o O

2 Algorithm band weight | ‘ Multiple ROI creation | & Import signatures | !)

Band set
‘G \ N reB list
= Basic tools i ot
= N RGB list

& Download products

RGB
= Preprocessing 1 /3-2-1

#» Band processing e

BEE

Postprocessing

Band calc
% Batch
; S:tings | a
About
=

[ User manual

4%} online help

(GRS

Support the SCP -
Automatic RGB

Band combinations @‘

Rys. 9: %RGB list

RGB list

[T

— RGB: RGB combination; this field can be manually edited;

: move highlighted RGB combination upward;

: move highlighted RGB combination downward;

o |-

: automatically sort RGB combinations by name;

==

: add a row to the table;

: remove highlighted rows from the table;

1

. # . clear all RGB combinations from RGB list;

: export the RGB list to a file (i.e. .csv);

e

: import a previously saved RGB list from file (i.e. .csv);
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Automatic RGB

* Band combinations 2) add the combinations of all bands (i.e. permutation) to the RGB list (strona 41)
(e.g. 1-2-3,1-2-4, ..., 3-2-1);

Algorithm band weight

Semi-Automatic Classification Plugin RS = xS

#f Band set ; : : : ; .

@ RGB list 2 Algorithm band weighi ﬁ Multiple ROI creation ﬂ: Import signatures !)
i .
4 Download products

3and set 1
[- Preprocessing
$ Band processing Band number f Band name f Weight

& Postprocessing

Band calc |

% Batch

# Settings Elj
[7 About

[z User manual

{2} online help

Support the SCP
PP Automatic weight

Set weight  1.00 ] @

Rys. 10: i Algorithm band weight

This tab allows for the definition of band weights that are useful for improving the spectral separability of materials
at certain wavelengths (bands). During the classification process, band values and spectral signature values are
multiplied by the corresponding band weights, thus modifying the spectral distances. A tab is displayed for every
Band set (strona 37).

Band weight

[T

o li= Band weight: table containing the following fields;
— Band number : number of the band in the Band set;
— Band name : name of the band;

— Weight : weight of the band; this value can be edited;
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Automatic weight

CJ

. ¥ reset all band weights to 1;

)

o Set weight | 'v! LZ): set the defined value as weight for all the highlighted bands in the table;

Multiple ROI Creation

E Semi-Automatic Classification Plugin

## Band set

= Basic tools

& Download produ...

m Export signatures

ﬂ Algorithm band weight n Multiple ROI creatiorn & Import signatures

¥ ros st

Create random points

i Number of points | 100 |2 [ linside grid | 10000 |E| min distance | 100 = Create points |@|
[- Preprocessing —— — 1= - LEg =)

: stratified for the values |raster =0 | of first band of band set |1 ==
%> Band processing L

) Point coordinates and ROI definition
Postprocessing =

: X Y MC ID MC Info cD  Cinfo Min Max Dist  af
Band calc
% Batch —.
)
#$ settings |§
|
-

[ About
[z User manual

{2} online help . i

Support the SCP [
Run

V| Calculate sig. | RUN s‘

-
Rys. 11: & Multiple ROI Creation

This tab allows for the automatic creation of ROIs, useful for the rapid classification of multi-temporal images, or
for accuracy assessment. Given a list of point coordinates and ROI options, this tool performs the region growing
of ROIs. Created ROIs are automatically saved to the Training input (strona 24). The active band set in Band set
(strona 37) is used for calculations.

Create random points

>

e Number of points e I set a number of points that will be created when Create points is clicked;

. I&ﬂ inside grid f1_(} I: if checked, the band set area is divided in cells where the size thereof is defined in
the combobox (image unit, usually meters); points defined in Number of random points are created
randomly within each cell;

. Lf-'l min distance [1_.0': if checked, random points have a minimum distance defined in the combobox
(image unit, usually meters); setting a minimum distance can result in fewer points than the number defined
in Number of points;

»

* Create points : create random points inside the band set area;
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. v stratified for the values | of the first band of the band set min distance v 1 if checked, create
random points inside the values defined in the expression calculated for the first band of the defined band
set; the expression must include the variable raster ; multiple expressions can be entered separated by
semicolon ( ; ) but the total number of stratified points is the same as the defined Number of points;

Point coordinates and ROI definition
L
iy Point coordinates and ROI definition: table containing the following fields;

— X : point X coordinate (float);
— Y :point Y coordinate (float);

MC ID: ROI Macroclass ID (int);

MC Info: ROI Macroclass information (text);

C ID: ROI Class ID (int);

C Info: ROI Class information (text);

— Min : the minimum area of a ROI (in pixel unit);
— Max : the maximum width of a ROI (in pixel unit);

— Dist : the interval which defines the maximum spectral distance between the seed pixel and the
surrounding pixels (in radiometry unit);

— Rapid ROI band : if a band number is defined, ROI is created only using the selected band,
similarly to Rapid ROI band in ROI Signature list (strona 27) ;

. + : add a new row to the table; all the table fields must be filled for the ROI creation;

. : delete the highlighted rows from the table;

. ' : import a point list from text file or a point shapefile to the table; in case of text file, every line must
contain values separated by tabs of X, Y, MC ID,MC Info,Class ID,C Info,Min, Max,Dist,and
optionally the Rapid ROI band;in case of shapefile, only point coordinates are imported;

. @: export the point list to text file;

Run

. ~ Calculate sig.: if checked, the spectral signature is calculated while the ROl is saved to Training input
(strona 24);

* RUN s : start the ROI creation process for all the points and save ROIs to the Training input (strona 24);

Import signatures

The tab &. Import signatures allows for importing spectral signatures from various sources.
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Semi-Automatic Classification Plugin | @ = B

Band set
=~ Multiple ROI creation & Import signatures
= Basic tools

Import librar...
& Download products

Ei: Export signatures | @ Signature threshold |(=)|

Select a file: SCP file (*.scp) ; USGS library (*.asc) ; ASTER library (*.txt) ; CSV (*.csv) -

= Preprocessing
#» Band processing
Postprocessing
E2 Band calc

& Batch

#{ Settings

[7 About

[ User manual

4%} online help

Support the SCP

Import shap...

Download USGS Spectral Lib...

Rys. 12: Import library file

Import library file

This tool allows for importing spectral signatures from various sources: a previously saved Training input
(strona 24) (.scp file); a USGS Spectral Library (.asc file); a previously exported CSV file. In case of USGS
Spectral Library, the library is automatically sampled according to the image band wavelengths defined in the
Band set (strona 37), and added to the ROI Signature list (strona 27);

* Select a file ': open a file to be imported in the Training input (strona 24);
Import shapefile
This tool allows for importing a shapefile, selecting the corresponding fields of the Training input (strona 24).

e Select a shapefile -: open a shapefile;

MC ID field ' *!: select the shapefile field corresponding to MC ID;

MC Info field ) select the shapefile field corresponding to MC Info;

C ID field . ): select the shapefile field corresponding to C ID;

C Info field . !: select the shapefile field corresponding to C Info;

. I&:I Calculate sig.: if checked, the spectral signature is calculated while the ROl is saved to Training input
(strona 24);

 Import shapefile : import all the shapefile polygons as ROIs in the Training input (strona 24);
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Semi-Automatic Classification Plugin | @ = B

Band set
=~ Multiple ROI creation E_’i Import signatures
= Basic tools

Ei: Export signatures | @ Signature threshold |(=)|

Import librar...
& Download products
Import shap...
= Preprocessing
& Band processing Select a shapefile (*.shp) | !

Shapefile fields

Postprocessing

|MC 1D field |MC Info field | CID field | C Info field
E2 Band calc
& Batch
|+ | Calculate sig.  Import shapefile @
#{ Settings
[7 About

[ User manual

4%} online help

Support the SCP

Download USGS Spectral Lib...

Rys. 13: Import shapefile

Download USGS Spectral Library

The tab Download USGS Spectral Library allows for the download of the USGS spectral library (Clark, R.N.,
Swayze, G.A., Wise, R., Livo, E., Hoefen, T., Kokaly, R., Sutley, S.J., 2007, USGS digital spectral library splibO6a:
U.S. Geological Survey, Digital Data Series 231).

The libraries are grouped in chapters including Minerals, Mixtures, Coatings, Volatiles, Man-Made, Plants, Vege-
tation Communities, Mixtures with Vegetation, and Microorganisms. An internet connection is required.

v |

e Select a chapter |
Select a library;,

: select one of the library chapters; after the selection, chapter libraries are shown in

v

e Select a library —>: select one of the libraries; the library description is displayed in the frame Library
description;

e Import spectral library 2) download the library and add the sampled spectral signature to the RO/
Signature list (strona 27) using the parameters defined for class and macroclass; the library is automatically
sampled according to the image band wavelengths defined in the active band set in Band set (strona 37),
and added to the ROI Signature list (strona 27);

Tip: Spectral libraries downloaded from the USGS Spectral Library can be used with
Minimum Distance or Spectral Angle Mapping algorithms, but not Maximum Likelihood be-
cause this algorithm needs the covariance matrix that is not included in the spectral libraries.

Export signatures

This tool allows for exporting the signatures highlighted in the RO! Signature list (strona 27).

» Export as SCP file E: create a new .scp file and export highlighted ROIs and spectral signatures as SCP
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User manual
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Import shap...
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Rys. 14: Download USGS Spectral Library

Basic tools
Download products
Preprocessing

Band processing

Postprocessing

Batch

Settings

About

+
&
»
[
& Band calc
L)
&
P

User manual

{2} online help

Support the SCP

Semi-Automatic Classification Plugin T X

Multiple ROI creation | & Import signatures mExpoﬂ: signatures @ Signature threshold |:(i)|

Export as SCP file (*.scp)
Export as shapefile (*.shp)

Export as CSV file (.csv)

=l [ [

Rys. 15: Lt Export signatures
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file (* .scp);

* Export as shapefile E: export highlighted ROIs (spectral signature data excluded) as a new shapefile (*
.shp);

e Export as CSV file EI : open a directory, and export highlighted spectral signatures as individual CSV files
(* .csv) separated by semicolon ( ; );

Signature threshold

E Semi-Automatic Classification Plugin (BRI R

’ Band set \ -

= ] & Impeort signatures | Et Export signatures E‘Ssignature threshold| LCS threshold | <
= Basic tools . s
= | Signature threshold

& Download products

MC ID : MC Info i CID ¢ C Info © MD Threshold : ML Threshold : SAM Threshold ]
[- Preprocessing

#» Band processing
Postprocessing
Band calc

% Batch

M Settings -
[7 About

=[5 User manual

4%} online help

Support the SCP

Automatic thresholds

Set threshold | 0.0000 g B Set threshold = 0 * 1.0 <O

Rys. 16: @ Signature threshold

This tab allows for the definition of a classification threshold for each spectral signature. All the signatures
contained in the Training input (strona 24) are listed. Thresholds defined in this tool are applied to classification
only if Threshold value in Algorithm (strona 31) is 0.

This is useful for improving the classification results, especially when spectral signatures are similar. Thresholds
of signatures are saved in the Training input (strona 24).

If threshold is O then no threshold is applied and all the image pixels are classified. Depending on the selected
Algorithm (strona 31) the threshold value is evaluated differently:

» for Minimum Distance, pixels are unclassified if distance is greater than threshold value;
 for Maximum Likelihood, pixels are unclassified if probability is less than threshold value (max 100);

* for Spectral Angle Mapping, pixels are unclassified if spectral angle distance is greater than threshold value
(max 90).
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Signature threshold
. = Signature threshold: table containing the following fields;
— MC ID: signature Macroclass ID;

— MC Info: signature Macroclass Information;

C ID: signature Class ID;

C Info: signature Class Information;

MD Threshold: Minimum Distance threshold; this value can be edited;

ML Threshold: Maximum Likelihood threshold; this value can be edited;

SAM Threshold: Spectral Angle Mapping threshold; this value can be edited;

. ¥ reset all signatures thresholds to O (i.e. no threshold used);

Automatic thresholds

e Set threshold A : set the defined value as threshold for all the highlighted signatures in the table;

o Set threshold = o * | v 2) for all the highlighted signatures, set an automatic threshold calculated as
the distance (or angle) between mean signature and (mean signature + (o * v)), where o is the standard
deviation and v is the defined value; currently works for Minimum Distance and Spectral Angle Mapping;

LCS threshold

This tab allows for setting the signature thresholds used by Land Cover Signature Classification (strona 122). All
the signatures contained in the Training input (strona 24) are listed; also, signature thresholds are saved in the
Training input (strona 24).

Overlapping signatures (belonging to different classes or macroclasses) are highlighted in orange in the table LC
Signature threshold; the overlapping check is performed considering MC ID or C ID according to the setting Use

~ MCID ~ C ID in Algorithm (strona 31). Overlapping signatures sharing the same /D are not highlighted.

LC Signature threshold
!_I_I_I_
o li==s LC Signature threshold: table containing the following fields;
— MC ID: signature Macroclass ID;
— MC Info: signature Macroclass Information;

— C ID: signature Class ID;

C Info: signature Class Information;

Color [overlap MC_ID-C_ID]: signature color; also, the combination MC ID-C ID is displayed
in case of overlap with other signatures (see Land Cover Signature Classification (strona 122));

Min B X: minimum value of band X; this value can be edited;

— Max B X: maximum value of band X; this value can be edited;
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Semi-Automatic Classification Plugin @ B

Band set -
’ﬁ st \ ] & Import signatures | Ej’: Export signatures | @ Signature threshold LCS threshold | <
Basic tool asiies
G J LC Signature threshold

& Download products

ACIC: MCInfo : Iw: Cinfo ¢ Color [overlap MC_ID-C_ID]
= Preprocessing

#» Band processing
Postprocessing
Band calc

% Batch ;
2 settings é
[7 About

[ User manual

4%} online help

Automatic thresholds

e S om v *
Min Max @‘ ag* 1.0 C @J From ROI E‘ From pixel
L=

Support the SCP

Rys. 17: LCS threshold

. &: show the ROI spectral signature in the Wykres sygnatur widmowych (strona 98); spectral signature is
calculated from the Band set (strona 37);

Automatic thresholds

Set thresholds automatically for highlighted signatures in the table LC Signature threshold; if no signature is
highlighted, then the threshold is applied to all the signatures.

)

e Min Max . set the threshold based on the minimum and maximum of each band;

e g * [1_.{” 2 set an automatic threshold calculated as (band value + (o * v)), where o is the standard
deviation of each band and v is the defined value;

From ROI .: set the threshold using the temporary ROI pixel values, according to the following checkboxes:

- L‘—'{J +: if checked, signature threshold is extended to include pixel signature;
- I::I —: if checked, signature threshold is reduced to exclude pixel signature;
e From pixel : set the threshold by clicking on a pixel, according to the following checkboxes:

- L‘—'{J +: if checked, signature threshold is extended to include pixel signature;
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- | —: if checked, signature threshold is reduced to exclude pixel signature;

3.4.3 Download products

The tab & Download products includes the tools for searching and downloading free remote sensing images.
Also, automatic conversion to reflectance of downloaded bands is available.

An internet connection is required and free registration could be required depending on the download service.
This tool allows for searching and downloading:
e Landsat Satellites (strona 113) images (from 1 MSS to 8 OLI) acquired from the 80s to present days;
* Sentinel-2 Satellite (strona 114) images (Level-1C and Level-2A) acquired from 2015 to present days;
* Sentinel-3 Satellite (strona 114) images (OLCI Level-1B OL_1_EFR) acquired from 2016 to present days;
e ASTER Satellite (strona 115) images (Level 1T) acquired from 2000 to present days;

* MODIS Products (strona 115) images (MOD09GQ, MYD09GQ, MOD09GA, MYD09GA, MOD09Q1,
MYDO09Q1, MOD09A1, MYDO09AT1) acquired from 2000 to present days;

For Landsat, ASTER, and MODIS the search is performed through the CMR Search API developed by NASA.
Landsat images are freely available through the services: EarthExplorer , Google Earth Engine , and the Amazon
Web Services (AWS) (only for Landsat 8). The ASTER L1T and MODIS products are retrieved from the online
Data Pool, courtesy of the NASA Land Processes Distributed Active Archive Center (LP DAAC), USGS/Earth Re-
sources Observation and Science (EROS) Center, Sioux Falls, South Dakota, https://Ipdaac.usgs.gov/data_access/
data_pool.

For Sentinel-2 and Sentinel-3 the search is performed through the Copernicus Open Access Hub (using the Data
Hub API ); images are mainly downloaded from the Amazon S3 AWS if available.

This tool attempts to download images first from Amazon Web Services and Google Earth Engine ; only if images
are not available, the download is performed through the services that require to login.

Login data

Login https://ers.cr.usgs.gov

For Landsat images USGS EROS credentials (https://ers.cr.usgs.gov) are required for downloads from EarthExplo-
rer . Login using your USGS EROS credentials or register for free at https://ers.cr.usgs.gov/register .
-

e User : enter the user name;

e Password T : enter the password;

[+ .
e = remember: remember user name and password in QGIS;

Login https://urs.earthdata.nasa.gov

For ASTER and MODIS images EOSDIS Earthdata credentials (https://urs.earthdata.nasa.gov ) are required for
download. Login using your EOSDIS Earthdata credentials or register for free at https://urs.earthdata.nasa.gov/
users/new . Before downloading ASTER and MODIS images, you must approve LP DAAC Data Pool clicking
the following link https://urs.earthdata.nasa.gov/approve_app?client_id=ijpRZvb9qeKCK5ctsn75Tg

=

e User : enter the user name;
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Semi-Automatic Classification Plugin | &= B
i Bend eet A Login data | L search | M Download options
B Rasictocks | Login https://ers.cr.usgs.gov
[ Preprocessing Login https://urs.earthdata.nasa.gov
#» Band processing User | Password || remember
Postprocessing Login Sentinels
E2 Band calc Service https://scihub.copernicus.eufapihub @
_& Batch User | Password || remember
2 settings
[/ About
[z User manual
4%} online help

Support the SCP Download

|+ | Only if preview in Layers |+| Preprocess images |« Load bands in QGIS @J RUN 3

Rys. 18: i Login data

) a
e Password T : enter the password;

. M-J remember: remember user name and password in QGIS;

Login Sentinels

In order to access to Sentinel data a free registration is required at https://scihub.copernicus.eu/userguide/
1SelfRegistration (other services may require different registrations). After the registration, enter the user name
and password for accessing data.

—

. Service T : enter the service URL (default is https://scihub.copernicus.eu/apihub); other mirror
services that share the same infrastructure can be used (such as https://scihub.copernicus.eu/dhus , https:
//finhub.nsdc.fmi.fi , https://data.sentinel.zamg.ac.at);

o #: reset the default service;
e User L] : enter the user name;
« Password T : enter the password;

. E-J remember: remember user name and password in QGIS;

Search
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7] Semi-Automatic Classification Plugin

#f Band set

A Logindata O search | Ml Download options
= Basic tools

Search parameters

Download products y - - e ‘ 2
P uL | X (Lon) ¥ (Lat) R | X (Lon) ¥ (Lat) .») Show
[+ Preprocessing =

Products | Sentinel-2 W Date from  2016-01-01 v | to  2018-03-06 v | Max cloud cover (%) 100 v.
> Band processing

Results | 20 £ | Filter Find 40
Postprocessing

osM Add OpenStreetMap to the map (© OpenStreetMap contributors. The cartography is licensed as CC BY-SA. Tile Usage Policy)

Band calc
® Batch Product list
Product ProductiD e 2|
2% Settings | @
[ About @J
Z[5 user manual
= 5
{s} Online help @
Preview @|
Support the SCP [ T <> @J
Download
|| Only if preview in Layers |+ Preprocessimages |+ Load bands in QGIS @J RUN s

Rys. 19: DSearch

Search parameters

Define the search area by entering the coordinates (longitude and latitude) of an Upper Left (UL) point and
Lower Right (LR) point and select a product to search. Optional settings are date of acquisition, maximum
cloud cover, number of results (the less the results, the faster is the query).

The definition of a search area is required before searching the images.
e UL Le rfﬂ: set the UL longitude X (Lon) and the UL latitude Y (Lat);

e LR el rﬁﬂ: set the LR longitude X (Lon) and the LR latitude Y (Lat);

e
e =" Show: show or hide the search area in the map;

. + : define a search area by left click to set the UL point and right click to set the LR point; the search
area is displayed in the map;

* Products ' *!: set the search product;

* Date from 1980v]: set the starting date of acquisition;

o 10 1] set the ending date of acquisition;

e Max cloud cover (%) rfﬂ: maximum cloud cover in the product;

* Results rfﬂ: maximum number of products returned by the search;

o Filter |_Tl: set a filter such as the Product ID (e.g. LC81910312015006LGNOO); it is possible
to enter multiple Product IDs separated by comma or semicolon (e.g. LC81910312015006LGNO0O,
LC81910312013224LGN00 ); filter is applied to resulting products in the search area;
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» Find @ find the products in the search area; results are displayed inside the table in Product list
(strona 54); results are added to previous results;

0s

. 9 Add OpenStreetMap to the map: this button allows for the display of OpenStreetMap tiles (© Open-
StreetMap contributors) in the QGIS map as described in https://wiki.openstreetmap.org/wiki/QGIS . The
cartography is licensed as CC BY-SA (Tile Usage Policy );

Tip: Search results (and the number thereof) depend on the defined area extent and the range of
dates. In order to get more results, perform multiple searches defining smaller area extent and
narrow acquisition dates (from and to).

Product list

The table Product list contains the results of the search. Click on any item (highlight) to display the image preview
thereof. Results are saved with the QGIS project.

: ]
e == Product list : found products are displayed in this table, which includes the following fields;

Product: the product name;

ProductID: the product ID;

AcquisitionDate: date of acquisition of product;

CloudCover: percentage of cloud cover in the product;
Zone/Path: the zone or WRS path depending on the product type;

Row/DayNightFlag: the WRS row or acquisition flag(day or night) depending on the product
type;

min_lat: minimum latitude of the product;

min_lon: minimum longitude of the product;

max_lat: maximum latitude of the product;

max_lon: maximum longitude of the product;

Collection/Size: collection code or size depending on the product type;
Preview: URL of the product preview;

Collection/ID: collection or image ID depending on the product type;

Collection/Image: collection or image ID depending on the product type;

. Q: display preview of highlighted images in the map; preview is roughly georeferenced on the fly;

CJd
gt
1

: remove highlighted images from the list;

#: remove all images from the list;

: import the product list from a text file (i.e. . txt);

: export the product list to a text file (i.e. . txt);
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Download

Download the products in the Product list (strona 54). During the download it is recommended not to interact with
QGIS.

. I&ﬂ Only if preview in Layers: if checked, download only those images listed in Product list (strona 54)
which are also listed in the QGIS layer panel;

. Ig-] Preprocess images: if checked, bands are automatically converted after the download, according to the
settings defined in Landsat (strona 56);

o I&r-] Load bands in QGIS: if checked, bands are loaded in QGIS after the download;

. @: export the download links to a text file;

* RUN s : start the download process of all the products listed in Product list (strona 54);

Download options

Semi-Automatic Classification Plugin R A

#f Band set

A Logindata £ Ssearch Wi pownload options

= Basic tools
e Landsat bands

Gt bt | v 1(landsat4-8) v 2(landsatd-8) |v 3(landsatd-8) v 4{landsat18) |v S(landsat18) |v 6 (Landsat 1-8) E
[+ Preprocessing

+| 7(landsat 1-8)] || 8lLandsat7.8) |+ 9(Landsat8) | 10 (Landsat 8) +| 11 (Landsat 8] | Ancillary data

2> Band processing

sentinel-2 bands

Postprocessing v] 1 lv] 2 v 3 v) v) 5 (v] 6 " =
Lot v/ 8 |v| 8A vl 2 v 10 v 11 |v) 12 |v| Ancillary data

% Batch Sentinel-3 bands

X Settings v/1  (v/2 v]3 (v/4 |v|]5 |v|6 [v]7 (|v/8 (v/]3 (vj10 |vj11 E
[ About lv/12  |v|13 |v/14 (v|15 |v|16 [v|17 |v/18 (v|19 (v|20 |v|21 |v| Ancillary data

Z[5 user manual

{s} Online help

Support the SCP

Download

|| Only if preview in Layers |« Preprocessimages |+ Load bands in QGIS @J RUN s

Rys. 20: . Download options

This tab allows for the selection of single bands for Landsat, Sentinel-2, and Sentinel-3 images. Depending on the
download service, single band download could be unavailable.

. Ig-] Band X: select bands for download;

. I:ﬂ Ancillary data: if checked, the metadata files are selected for download;

—

o L—" select or deselect all bands;
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3.4.4 Preprocessing

The tab [* Preprocessing provides several tools for data manipulation which are useful before the actual clas-

sification process.

Landsat

Semi-Automatic Classification Plugin o Bl 2

#f Band set

= Basic tools

> Band processing
Postprocessing
Band calc

% Batch

2 Settings

[7 About

:[E User manual

{8} online help

Support the SCP

& Download products

e Landsat " Sentinel-2 | ' Sentinel-3 | a ASTER | %% MODIS | H Vector to raster | éﬁ Clip multiple rasters |)|

Landsat conversion to TOA reflectance and brightness temperature

Directory containing Landsat bands |

i

Select MTL file |
| Brightness temperature in Celsius
|| Use NoData value | 0 5

__| Apply DOS1 atmospheric correction | only to blue and green bands

| Perform pansharpening (Landsat 7 or 8}

|| Create Band set and use Band set tools | | Add bands in a new Band set
Metadata
Satellite Date (¥YYY-MM-DD) Sun elevation Earth sun distance

Band : RADIANCE_MULT RADIANCE_ADD REFLECTANCE MULT @ REFLECTANCE ADD : RADIANI

Run

Rys. 21: a Landsat

This tab allows for the conversion of Landsat 1, 2, and 3 MSS and Landsat 4, 5, 7, and 8 images from DN
(i.e. Digital Numbers) to the physical measure of Top Of Atmosphere reflectance (TOA), or the application of
a simple atmospheric correction using the DOS1 method (Dark Object Subtraction 1), which is an image-based
technique (for more information about the Landsat conversion to TOA and DOSI1 correction, see /mage conver-
sion to reflectance (strona 131)). Pan-sharpening is also available; for more information read Pan-sharpening

(strona 128).

Once the input is selected, available bands are listed in the metadata table.

WARNING: For the best spectral precision you should download the Landsat Level-2 Data Products
(Surface Reflectance) from https://earthexplorer.usgs.gov .

Landsat conversion to TOA reflectance and brightness temperature

* Directory containing Landsat bands EI : open a directory containing Landsat bands; names of Land-
sat bands must end with the corresponding number; if the metadata file is included in this directory then
Metadata (strona 57) are automatically filled;

o Select MTL file '

: if the metadata file is not included in the Directory containing Landsat bands,

select the path of the metadata file in order to fill the Metadata (strona 57) automatically;
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. v Brightness temperature in Celsius: if checked, convert brightness temperature to Celsius (if a Landsat
thermal band is listed in Metadata (strona 57)); if unchecked temperature is in Kelvin;

. ~ Apply DOS1 atmospheric correction: if checked, the DOSI Correction (strona 132) is applied to all
the bands (thermal bands excluded);

. ¥ only to blue and green bands: if checked (with Apply DOSI atmospheric correction also checked), the
DOSI Correction (strona 132) is applied only to blue and green bands;

. v Use NoData value (image has black border) i : if checked, pixels having NoData value are not
counted during conversion and the DOS1 calculation of DNmin; it is useful when image has a black border
(usually pixel value = 0);

. . Perform pan-sharpening: if checked, a Brovey Transform is applied for the Pan-sharpening
(strona 128) of Landsat bands;

J f Create Band set and use Band set tools: if checked, the Band set is created after the conversion; also,
the Band set is processed according to the tools checked in the Band set (strona 37);

Metadata

All the bands found in the Directory containing Landsat bands are listed in the table Metadata. If the Landsat
metadata file (a .txt or .met file with the suffix MTL) is provided, then Metadata are automatically filled. For
information about Metadata fields read this page and this one .

T

e Satellite : satellite name (e.g. Landsat8);

* Date | T!: date acquired (e.g. 2013-04-15);
e Sun elevation B : Sun elevation in degrees;

e Earth sun distance . '~ : Earth Sun distance in astronomical units (automatically calculated if Date is filled;

. B: remove highlighted bands from the table Metadata;

e li== Metadata: table containing the following fields;

— Band: band name;

— RADIANCE_MULT: multiplicative rescaling factor;

— RADIANCE_ADD: additive rescaling factor;

— REFLECTANCE_MULT: multiplicative rescaling factor;

— REFLECTANCE_ADD: additive rescaling factor;

— RADIANCE_MAXIMUM: radiance maximum;
REFLECTANCE_MAXIMUM: reflectance maximum,;

KI_CONSTANT: thermal conversion constant;

K2 _CONSTANT: thermal conversion constant;

LMAX: spectral radiance that is scaled to QCALMAX;
LMIN: spectral radiance that is scaled to QCALMIN;

QCALMAX: minimum quantized calibrated pixel value;

— QCALMIN: maximum quantized calibrated pixel value;
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Run

* RUN S : select an output directory and start the conversion process; only bands listed in the table Meta-

data are converted; converted bands are saved in the output directory with the prefix RT_ and automatically
loaded in QGIS;

Sentinel-2

Semi-Automatic Classification Plugin

#f Band set
= Basic tools

& Download products

Z[5 user manual

{s} Online help

Sentinel-2 conversion

a Landsat “Sentinal-z | ' Sentinel-3 | ﬂ ASTER | % MODIS | H Vector to raster | éh Clip multiple rasters I)'

Directory containing Sentinel-2 bands | U
Select metadata file (MTD_MSI) | -
2> Band processing —
Apply DOS1 atmospheric correction +/| only to blue and green bands +/| Use NoData value 4
Postprocessing . . .
- +| Create Band set and use Band set tools Add bands in a new Band set
Band calc = et
Metadata
% Batch
Satellite Product
2% Settings
Band : Quantification value : Solar irradiance
[ About

Support the SCP

Run

Rys. 22: ‘ Sentinel-2

This tab allows for the conversion of Sentinel-2 images Level-1C to the physical measure of Top Of Atmosphere
reflectance (TOA), or the application of a simple atmospheric correction using the DOS1 method (Dark Object
Subtraction 1), which is an image-based technique (for more information about conversion to TOA and DOS1
correction, see /mage conversion to reflectance (strona 131)). This tool can also convert Sentinel-2 images Level-
2A from DN to reflectance values.

Once the input is selected, available bands are listed in the metadata table. Bands with 20m spatial resolution are
resampled to 10m resolution without changing the original pixel value (i.e. one 20m pixel is divided in four 10m
pixels with the same value).

WARNING: For the best spectral precision you should download the Sentinel-2 Level-2A Products
(Surface Reflectance) or use the official SNAP tool for atmospheric correction (see http://step.esa.int).

Sentinel-2 conversion

Directory containing Sentinel-2 bands n : open a directory containing Sentinel-2 bands; names of
Sentinel-2 bands must end with the corresponding number; if the metadata file is included in this direc-
tory then Metadata (strona 59) are automatically filled;
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o Select metadata file ﬂ : select the metadata file which is a .xml file whose name contains
MTD_MSIL1C);

. . Apply DOSI atmospheric correction: if checked, the DOSI Correction (strona 132) is applied to all
the bands;

. 1 only to blue and green bands: if checked (with Apply DOSI atmospheric correction also checked), the
DOSI Correction (strona 132) is applied only to blue and green bands;

. 1 Use NoData value (image has black border) 1w 1. if checked, pixels having NoData value are not
counted during conversion and the DOS1 calculation of DNmin; it is useful when image has a black border
(usually pixel value = 0);

. £ Create Band set and use Band set tools: if checked, the active Band set is created after the conversion,;
also, the Band set is processed according to the tools checked in the Band set (strona 37);

v

* = Add bands in a new Band set: if checked, bands are added to a new empty Band set;

Metadata

All the bands found in the Directory containing Sentinel-2 bands are listed in the table Metadata. If the Sentinel-2
metadata file (a .xml file whose name contains MTD_MSIL1C) is provided, then Mefadata are automatically filled.
For information about Metadata fields read this informative page .

T

* Satellite -: satellite name (e.g. Sentinel-2A);

. : remove highlighted bands from the table Metadata;

o il Metadata: table containing the following fields;
— Band: band name;
— Quantification value: value for conversion to TOA reflectance;

— Solar irradiance: solar irradiance of band;

Run

* RUN 3 : select an output directory and start the conversion process; only bands listed in the table Meta-
data are converted; converted bands are saved in the output directory with the prefix RT_ and automatically
loaded in QGIS;

Sentinel-3

This tab allows for the conversion of Sentinel-3 images (OL_1_EFR) to the physical measure of Top Of Atmo-
sphere reflectance (TOA), or the application of a simple atmospheric correction using the DOS1 method (Dark
Object Subtraction 1), which is an image-based technique (for more information about conversion to TOA and
DOSI correction, see Image conversion to reflectance (strona 131)). The following ancillary data are required for
conversion: instrument_data.nc, geo_coordinates.nc,tie_geometries.nc.

Once the input is selected, available bands are listed in the metadata table.
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#f Band set . . g 5 ; |
, Landsat * Sentinel-2 ' Sentinel-3 a ASTER % MODIS H Vector to raster % Clip multiple rasters I)'

= Basic tools SR— . 1
Sentinel-3 conversion

Download duct : : i

e | Directory containing Sentinel-3 bands | U

—
| Apply DOS1 atmospheric correction | only to blue and green bands | Use NoData value 0 o

> Band processing
| Create Band set and use Band set tools | | Add bands in a new Band set

Postprocessing
Metadata

o3

i@ Band calc Satellite Product

% Batch

Band

24 Settings

[ About

Z[5 user manual

{s} Online help @J

Support the SCP

Run

rn &

Rys. 23: ' Sentinel-3

WARNING: Sentinel-3 bands are reprojected to WGS 84 coordinate system using a sample of pixels
from the file geo_coordinates.nc . For the best precision you should use the official SNAP tool (see
http://step.esa.int).

Sentinel-3 conversion

* Directory containing Sentinel-3 bands [] : open a directory containing Sentinel-3 bands; names of
Sentinel-2 bands must end with the corresponding number; ancillary data required for conversion must
be in the same directory;

. Ig-] Apply DOSI atmospheric correction: if checked, the DOSI Correction (strona 132) is applied to all
the bands;

. IE:J only to blue and green bands: if checked (with Apply DOSI atmospheric correction also checked), the
DOSI Correction (strona 132) is applied only to blue and green bands;

. I:r-] Use NoData value (image has black border) [1_."?': if checked, pixels having NoData value are not
counted during conversion and the DOS1 calculation of DNmin; it is useful when image has a black border

(usually pixel value = 0);

. Lf-'l Create Band set and use Band set tools: if checked, the Band set is created after the conversion; also,
the Band set is processed according to the tools checked in the Band set (strona 37);

Metadata

All the bands found in the Directory containing Sentinel-3 bands are listed in the table Metadata.
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Run

Satellite T : satellite name (e.g. Sentinel-3A);

Product[ I product name (e.g. OLCI);

: remove highlighted bands from the table Metadata;

‘il Metadata: table containing the following fields;

— Band: band name;

e RUN s : select an output directory and start the conversion process; only bands listed in the table Meta-
data are converted; converted bands are saved in the output directory with the prefix RT__ and automatically

loaded in QGIS;
ASTER
Semi-Automatic Classification Plugin ||__4} = A |
Band set ; (
R ae ’ Landsat | ‘ Sentinel-2 | ' Sentinel-3 R ASTER | ‘“% MODIS | H Vector to raster | % Clip multiple rasters |)|

= Basic tools

& Download products
®» Band processing
Postprocessing
Band calc

% Batch

X settings

[7 About

:[E User manual

{3} online help

Support the SCP

htness temperature

ASTER conversion to TOA reflectance and bric

Select file ASTER L1T (.hdf) |

__| Brightness temperature in Celsius

+/| Use NoData value 0

| Apply DO51 atmospheric correction /| only to green bands

|+ Create Band set and use Band set tools | | Add bands in a new Band set

Metadata

Date (YYYYMMDD) Sun elevation | Earth sun distance | UTM zone UPPERLEFTM |

Band UnitConversionCoeff PixelSize

Run

an @y

Rys. 24: ﬁ ASTER

This tab allows for the conversion of ASTER L1T images to the physical measure of Top Of Atmosphere re-
flectance (TOA), or the application of a simple atmospheric correction using the DOS1 method (Dark Object
Subtraction 1), which is an image-based technique (for more information about conversion to TOA and DOS1
correction, see Image conversion to reflectance (strona 131)).

Once the input is selected, available bands are listed in the metadata table.
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ASTER conversion

Select file ASTER LIT ﬂ: select an ASTER image (file .hdf);

.~ Apply DOSI atmospheric correction: if checked, the DOSI Correction (strona 132) is applied to all
the bands;

. ™ only to green band: if checked (with Apply DOS1 atmospheric correction also checked), the DOS/
Correction (strona 132) is applied only to green band;

. & Use NoData value (image has black border) v 1. if checked, pixels having NoData value are not
counted during conversion and the DOS1 calculation of DNmin; it is useful when image has a black border
(usually pixel value = 0);

o £ Create Band set and use Band set tools: if checked, the Band set is created after the conversion; also,
the Band set is processed according to the tools checked in the Band set (strona 37);

Metadata

All the bands found in the Select file ASTER LIT are listed in the table Metadata. For information about Metadata
fields visit the ASTER page .

« Date| T date acquired (e.g. 20130415);

e Sun elevation i : Sun elevation in degrees;

e Earth sun distance i : Earth Sun distance in astronomical units (automatically calculated if Date is filled;
e UTM zone T : UTM zone code of the image;

UPPERLEFTM | : coordinates of the upper left corner of the image;

. : remove highlighted bands from the table Metadata;
[TE=T:

o lis Metadata: table containing the following fields;
— Band: band name;
— UnitConversionCoeff: value for radiance conversion;

— PixelSize: solar irradiance of band;

Run

* RUN s : select an output directory and start the conversion process; only bands listed in the table Meta-
data are converted; converted bands are saved in the output directory with the prefix RT_ and automatically
loaded in QGIS;

MODIS

This tab allows for the conversion of MODIS images to .tif format, and the reprojection to WGS 84.

Once the input is selected, available bands are listed in the metadata table.
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#f Band set

= Basic tools

> Band processing
Postprocessing
Band calc

% Batch

24 Settings

[7 About

Z[5 user manual

{s} Online help

Support the SCP

& Download products

, Landsat | ‘ Sentinel-2 | ' Sentinel-3 | K ASTER Z% MODIS H Vector to raster | % Clip multiple rasters I)'

MODIS conversion

Select file MODIS (.hdf) |

<> [-

| Reproject to WGS 84 /| Use NoData value 999

| Add bands in a new Band set

Metadata

D

|+ Create Band set and use Band set tools |

Band : UnitConversionCoeff

Run

rn &

MODIS conversion

Cn
Rys. 25: “~ MODIS

* Select file MODIS -: select a MODIS image (file .hdf);

. I&ﬂ Reproject to WGS 84: if checked, reproject bands to WGS 84, required for use in SCP;

. Ig-] Use NoData value (image has black border) v 1. if checked, pixels having NoData value are not
counted during conversion and the DOS1 calculation of DNmin; it is useful when image has a black border

(usually pixel value = 0);

. L:r-'l Create Band set and use Band set tools: if checked, the Band set is created after the conversion; also,
the Band set is processed according to the tools checked in the Band set (strona 37);

Metadata

All the bands found in the Select file MODIS are listed in the table Metadata. For information about Metadata
fields visit the MODIS page .

. ID[ d .: ID of the image;

T

. : remove highlighted bands from the table Metadatay

o li== Metadata: table containing the following fields;

— Band: band name;

— UnitConversionCoeff: value for conversion;
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Run

* RUN s : select an output directory and start the conversion process; only bands listed in the table Meta-
data are converted; converted bands are saved in the output directory with the prefix RT_ and automatically
loaded in QGIS;

Vector to raster

Semi-Automatic Classification Plugin R A

#f Band set

ﬂ ASTER | % MODIS H\hactortoraster =

Ah Clip multiple rasters "; Split raster bands " stack raster bands | (I)'
= Basic tools e

Convert vector to raster

e Select the vector O

=
| Use the value field of the vector

2> Band processing

Use constant value 1 b
Postprocessing =
ﬁ Band eale Select the type of conversion Center of pixels v
% Batch Select the reference raster | | ,9,
2% Settings
[ About

Z[5 user manual

{s} Online help

Support the SCP

Run

(S|

Rys. 26: m Vector to raster

This tab allows for the conversion of a vector to raster format.

* Select the vector | select a vector already loaded in QGIS;

. o : refresh layer list;

Lf-'l Use the value field of the vector | I: if checked, the selected field is used as attribute for the conver-
sion; pixels of the output raster have the same values as the vector attribute;

. L!:I Use constant value i 1 if checked, the polygons are converted to raster using the selected constant
value;

Select the type of conversion | _: select the type of conversion between Center of pixels and All pixels touched:

— Center of pixels: during the conversion, vector is compared to the reference raster; output raster
pixels are attributed to a polygon if pixel center is within that polygon;

— All pixels touched: during the conversion, vector is compared to the reference raster; output raster
pixels are attributed to a polygon if pixel touches that polygon;
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o Select the reference raster . select a reference raster; pixels of the output raster have the same size and
alignment as the reference raster;

. 0 : refresh layer list;

Run

* RUN 3 : choose the output destination and start the conversion to raster;

Clip multiple rasters

Semi-Automatic Classification Plugin | & = B

Band set v
iirliiing B asmEr | P& MODIS | k¥ vector to raster ajtlip multiple rasters 'k split raster bands |g Stack raster bands |(I)!

= Basic tools

Clip band set

& Download products Select input band set 1

Preprocessing SR

#» Band processing

Output name prefix clip

Postprocessing

= Clip coordinates

& Band calc P - r S Gy |
% Batch —
X settings || Use vector for clipping | J QJ
[7 About || Use vector field for output name l J

2[F user manual || Use temporary ROI for clipping

{3} online help

Support the SCP

Run

aun @y

Rys. 27: a.i Clip multiple rasters

This tab allows for cutting several image bands at once, using a rectangle defined with point coordinates or a
boundary defined with a vector.

Raster list

: refresh layer list;

| G

o I—": select all the rasters;

Clip coordinates

Set the Upper Left (UL) and Lower Right (LR) point coordinates of the rectangle used for clipping; it is possible
to enter the coordinates manually. Alternatively use a vector.
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e ULX < : set the UL X coordinate;
e ULY V! setthe ULY coordinate;
e LRX Wi setthe LR X coordinate;

e LRY VI setthe LRY coordinate;

. Show: show or hide the clip area drawn in the map;

. [+_-: define a clip area by drawing a rectangle in the map; left click to set the UL point and right click to
set the LR point; the area is displayed in the map;

.~ Use vector for clipping —: if checked, use the selected vector (already loaded in QGIS) for clipping;
UL and LR coordinates are ignored;

.~ Use vector field for output name | if checked, a vector field is selected for clipping while iterating
through each vector polygon and the corresponding field value is added to the output name;

. ¥ Use temporary ROI for clipping: if checked, use a temporary ROI (see ROI Signature list (strona 27))
for clipping; UL and LR coordinates are ignored;

. o : refresh layer list;
o

e —' NoData value e : if checked, set the value for NoData pixels (e.g. pixels outside the clipped area);

T ). set the prefix for output file names (default is c1ip);

Output name prefix

Run

* RUN s : choose an output destination and clip selected rasters; only rasters selected in the Raster list
(strona 65) are clipped and automatically loaded in QGIS;

Split raster bands

Split a multiband raster to single bands.

Raster input

o Select a multiband raster | >: select a multiband raster already loaded in QGIS;

. 0 : refresh layer list;

T

* Qutput name prefix I: set the prefix for output file names (default is split);

Run

* RUN 3 : choose the output destination and split selected raster; output bands are automatically loaded
in QGIS;
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Semi-Automatic Classification Plugin

[FRE

#f Band set
= Basic tools

& Download products

> Band processing
Postprocessing
Band calc

% Batch

24 Settings

[7 About

Z[5 user manual

{s} Online help

Support the SCP

—

ster | '% Clip multiple rasters '}' Split raster bands = stack raster bands

Split raster bands

| a Mosaic band sets | g Cloud maskingl <

Select a multiband raster

Output name prefix

split

Run

rn &

Stack raster bands

Stack raster bands into a single file.

Raster list

| G

[

Run

: refresh layer list;

. select all the rasters;

Rys. 28: "’ Split raster bands

* RUN 3 : choose the output destination and stack selected rasters; output is automatically loaded in

Mosaic band sets

This tool allows for the mosaic of band sets, merging the corresponding bands of two or more band sets defined

in the Band set (strona 37). An output band is created for every corresponding set of bands in the band sets.

NoData values of one band set are replaced by the values of the other band sets.

3.4. Main Interface Window

67




Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

Semi-Automatic Classification Plugin [P e

af Band set
= Basic tools

& Download products

Postprocessing
Band calc
Batch

Settings

About

mUXeEn

User manual

{} online help

Support the SCP

#» Band processing

ster | ‘% Clip multiple rasters | '}‘ Split raster bands gstack raster bands u Mosaic band sets | g Cloud masking | <

Select input band set 1

Run

aun &y

Rys. 29: E.q‘_"":l Stack raster bands

Semi-Automatic Classification Plugin e =3

#f Band set

= Basic tools

Postprocessing
Band calc
Batch

Settings

About

m U % e B

User manual

{} Online help

Support the SCP

& Download products

> Band processing

g Cloud masking | <

ster | % Clip multiple rasters | '}' Split raster bands 5 Stack raster bands ﬂ Mosaic band sets

ic of band sets

Band set list | 1, 2

/| Use NoData value ] >
Qutput name prefix mosaic
Run

rn &

ik k
Rys. 30: Mosaic band sets
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Mosaic of band sets

e Band set list | T: list if band sets defined in the Band set (strona 37); in case of overlapping images, the
pixel values of the first band set in the list are assigned.

. L:r-'l Use NoData value rfﬂ: if checked, set the value of NoData pixels, ignored during the calculation;

* Output name prefix . T: set the prefix for output file names (default is mosaic);

Run

* RUN 3 : select an output directory and start the mosaic process;

Cloud masking

Semi-Automatic Classification Plugin (R E

af Band set

ster | ‘% Clip multiple rasters '}‘ Split raster bands g Stack raster bands | u Maosaic band sets % Cloud masking | <

- = (L N
.. Basic tools
Mask of band set

& Download products Select input band set 1

Select the classification

> Band processing

_[G

Mask class values
Postprocessing

Band calc /| Use buffer of pixel size 1 #

& Batch NoData value o ol
#% Settings Output name prefix mask
[/ About

[z User manual

{5} Online help

Support the SCP

Run

ETE

i
Rys. 31: g Cloud masking

This tool allows for cloud masking, based on the values of a raster mask, creating an output masked band for
each band of the Band set (strona 37). NoData is set in all the bands of the Band set (strona 37) for pixels
corresponding to clouds.

Mask of band set

e Select input band set e I: select the input Band set (strona 37) to be masked;

* Select the classification |—: select a classification raster (already loaded in QGIS) which contains a cloud
class;
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. 0 : refresh layer list;

* Mask class values |T: set the class values to be masked; class values must be separated by , and - can
be used to define a range of values (e.g. 1, 3-5, 8 will select classes 1, 3, 4, 5, 8); if the text is red then
the expression contains errors;

I&r-] Use buffer of pixel size [_K'ﬂ: if checked, a buffer is created for masked area, corresponding to the
defined number of pixels; this can be useful to dilate masked area in case the mask doesn’t cover the thinner
border of clouds;

e NoData value: set the value of NoDat a pixels, corresponding to clouds;

* Output name prefix . T: set the prefix for output file names (default is mask);

Run

* RUN 3 : select an output directory and start the mask process;

3.4.5 Band processing

The tab F Band processing provides several functions that can be applied to the Band set (strona 37).

Band combination

Semi-Automatic Classification Plugin @ B

Band set .
ot ﬂ:,._ PCA | Eﬁi Clustering :ﬁ‘; Spectral distance

x Band combination

= Basic tools

Input
& Download products L

Combination of band values

[+ Preprocessing

Select input band set (of classifications) 1 o

- Band processing

S
&
P
%E

{8} Online help

Postprocessing
Band calc
Batch

Settings

About

User manual

Run

Support the SCP BUN s

Output

Rys. 32: E Band combination
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This tab allows for the combination of bands loaded in a Band set (strona 37). This tool is intended for com-
bining classifications in order to get a raster where each value corresponds to a combination of class values. A
combination raster is produced as output and the area of each combination is reported in an text file.

Combination of band values

e Select input band set (of classifications) B : select the input Band set (strona 37);

Run

e RUN 3 : choose the output destination and start the calculation; also, the details about the combinations
are displayed in the tab Output and saved in a .txt file in the output directory;

PCA

Semi-Automatic Classification Plugin @ B

Band set : : .
ot x Band combination ﬂ:,._ PCA | Eﬁi Clustering :ﬁ‘; Spectral distance

= Basic tools

Input
& Download products L

. Principal Components Analysis of band set
[+ Preprocessing

- Band processing

S
P8
>

{8} Online help

Select input band set 1

i ER N __| Number of compenents 2

Band calc | Use NoData value ﬁ
Batch
Settings
About

User manual

Run

Support the SCP BUN s

Output

=
Rys. 33: PCA

This tab allows for the PCA (Principal Component Analysis (strona 127)) of bands loaded in the Band set.

Principal Component Analysis of Band set

e Select input band set e I: select the input Band set (strona 37);

o L!:I Number of components L1 I: if checked, set the number of calculated components; if unchecked, all
the components are calculated;

3.4. Main Interface Window 71



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

. I:ﬂ Use NoData value [Tﬁﬂ: if checked, set the value of NoData pixels, ignored during the calculation;

Run

* RUN 3 : select an output directory and start the calculation process; principal components are calculated
and saved as raster files; also, the details about the PCA are displayed in the tab Output and saved in a .txt
file in the output directory;

Clustering

Semi-Automatic Classification Plugin (AR

& Band set

x Band combination | \L': PCA Hclustnring zﬁ Spectral distance

. Basic tools

Input
4 Download products ;

Clustering of band set

[+ Preprocessing

Select input band set (1 ~l Method = K-means | ISODATA
- Band processing

Puttpencasiiag | Distance threshold 0.0001000

Band calc Number of classes ‘10 >

£ Batch Max number of iterations 10 s

# Settings ISODATA max standard deviation = 0.0001000 £  ISODATA minimum class size in pixels 10 e
e || Use NoData value 0 2

[z User manual

Seed signatures

12} online help \» Seed signatures from band values | Use Signature list as seed signatures || Use random seed signatures

Distance algorithm . * Minimum Distance I Spectral Angle Mapping

|| 5ave resulting signatures to Signature list

Run

Support the SCP

run §y

Output

Rys. 34: If.i Clustering

This tab allows for the Clustering (strona 129) of a Band set (strona 37). In particular, K-means (strona 129) and
ISODATA (strona 130) methods are available.

Clustering of band set

e Select input band set [1_.‘7']: select the input Band set (strona 37);

* Method 2 K-means </ ISODATA: select the clustering method K-means (strona 129) or ISODATA
(strona 130);

. Lf-'l Distance threshold “_.‘ﬂ: if checked, for K-means: iteration is terminated if distance is lower than
threshold; for ISODATA: signatures are merged if distance is greater than threshold;
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« Number of classes | 1~ number of desired output classes;

* Max number of iterations . '~ |: maximum number of iterations if Distance threshold is not reached;

ISODATA max standard deviation i : maximum standard deviation considered for splitting a class, for
ISODATA algorithm only;

1

ISODATA minimum class size in pixels e : desired minimum class size in pixels, for ISODATA algorithm

only;

. ¥ Use NoData value | '~ : if checked, set the value of NoDat a pixels, ignored during the calculation;

Seed signatures

. S Seed signatures from band values = Use Signature list as seed signatures = Use random seed
signatures: select one options for seed signatures that start the iteration; the option Seed signatures from
band values divides the spectral space of the Band set (strona 37) to get spectral signatures; the option
Use Signature list as seed signatures uses the spectral signatures checked in ROI Signature list (strona 27);
the option Use random seed signatures randomly selects the spectral signatures of pixels in the Band set
(strona 37);

L ] L ]
* Distance algorithm =" Minimum Distance = Spectral Angle Mapping: select Minimum Distance
(strona 120) or * Spectral Angle Mapping (strona 121) for spectral distance calculation;

.~ Save resulting signatures to Signature list: if checked, save the resulting spectral signatures in the ROI
Signature list (strona 27);

Run

* RUN s : choose the output destination and start the calculation;

Spectral distance

This tab allows for calculating the spectral distance between every corresponding pixel of two band sets. The
output is a raster containing the spectral distance of each pixel. Optionally, a threshold can be defined for creating
a binary raster of values below and above the threshold.

Spectral distance of band sets
e Select first input band set i : select the first input Band set (strona 37);

e Select second input band set v 1 select the second input Band set (strona 37);

L] L]
e Distance algorithm =" Minimum Distance =" Spectral Angle Mapping: select Minimum Distance
(strona 120) or * Spectral Angle Mapping (strona 121) for spectral distance calculation;

. i Distance threshold v : if checked, a binary raster of values below and above the threshold is created;
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¢ Band set

= Basic tools

Semi-Automatic Classification Plugin RIS = S

' Band combination | \L“é PCA | i_{; Clustering %Sputﬂl distance

Spectral distance of band sets

& Download products Select first input band set (1 £
+ Preprocessin 0
E P g | Select second input band set | 2 e
" Distance algorithm .* Minimum Distance \__ Spectral Angle Mapping

@ Postprocessing z ]

|v| Distance threshold | 0.1000000 o
E2 Band calc
®) Batch
2 Settings
[’ About
[z User manual
{3} Online help

Support the SCP
Run
o
=
Rys. 35: = & Spectral distance
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Run
* RUN s : choose the output destination and start the calculation;
3.4.6 Postprocessing

- . . . e
The tab . Postprocessing provides several functions that can be applied to the classification output.

Accuracy

Semi-Automatic Classification Plugin A RS (=1 4

Band set
= Accuracy | n Land cover change | FF Classification report | ' Cross classification | h)

= Basic tools S

Input
4 Download products 2

Accuracy assessment

[= Preprocessing
Select the classification to assess

> Band processing

- Postprocessing Select the reference vector or raster

& Band calc Vector field

G (G

% Batch
2% Settings
[7 About

z[z User manual

{5} online help

Run

Support the SCP | R s |

Output

Rys. 36: EAccuracy

This tab allows for the validation of a classification (read Accuracy Assessment (strona 126) ). Classification is
compared to a reference raster or reference vector (which is automatically converted to raster). If a vector is
selected as reference, it is possible to choose a field describing class values.

Several statistics are calculated such as overall accuracy, user’s accuracy, producer’s accuracy, and Kappa hat. In
particular, these statistics are calculated according to the area based error matrix where each element represents
the estimated area proportion of each class. This allows for estimating the unbiased user’s accuracy and producer’s
accuracy, the unbiased area of classes according to reference data, and the standard error of area estimates.

The outputis an error raster thatisa .tif file showing the errors in the map, where pixel values represent
the categories of comparison (i.e. combinations identified by the ErrorMatrixCode in the error matrix) be-
tween the classification and reference. Also, a text file containing the error matrix (i.e. a . csv file separated by
tab) is created with the same name defined for the . tif file.
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Input

Select the classification to assess |—*: select a classification raster (already loaded in QGIS);

. o : refresh layer list;

Select the reference vector or raster .. select a raster or a vector (already loaded in QGIS), used as
reference layer (ground truth) for the accuracy assessment;

. o : refresh layer list;

* Vector field I if a vector is selected as reference, select a vector field containing numeric class values;

Run

* RUN s : choose the output destination and start the calculation; the error matrix is displayed in the tab
Output and the error raster is loaded in QGIS;

Land cover change

Semi-Automatic Classification Plugin P o BlEd

Band set
- E Accuracy m Land cover change
= Basic tools

I::F Classification report | “ Cross classification | h)

Input
4 Download products :

Land cover change

[¢ Preprocessing
Select the reference classification

#» Band processing g
o

- Postprocessing Select the new classification

Band calc .+ | Report unchanged pixels

) Batch
#{ Settings
[’ About

:[ User manual

{3} online help

Run

Support the SCP RUIN s

Qutput

Rys. 37: B Land cover change

The tab Land cover change allows for the comparison between two classifications in order to assess land
cover changes. Output is a land cover change raster (i.e. a file .tif showing the changes in the map,
where each pixel represents a category of comparison (i.e. combinations) between the two classifications, which
is the ChangeCode in the land cover change statistics) and a text file containing the land cover change statistics
(i.e. a file .csv separated by tab, with the same name defined for the .tif file).
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Input

Select the reference classification | —>!: select a reference classification raster (already loaded in QGIS);

. 0 : refresh layer list;

o Select the new classification . select a new classification raster (already loaded in QGIS), to be compa-
red with the reference classification;

. 0 : refresh layer list;

. I&ﬂ Report unchanged pixels: if checked, report also unchanged pixels (having the same value in both
classifications);

Run

* RUN 3 : choose the output destination and start the calculation; the land cover change statistics are
displayed in the tab Output (and saved in a text file) and the 1and cover change raster is loaded
in QGIS;

Classification report

Semi-Automatic Classification Plugin [CERRZR

Band set
= - Cross classification | h)

Accuracy | n Land cover change mtlassification repor

= Basic tools

Input
4 Download products 2

Classification report

[= Preprocessing
Select the classification

G

> Band processing

s Use NoData value 0
-+ Postprocessing —

Band calc

<>

) Batch
#{ Settings
[7 About

:[5 User manual

{3} online help

Run

Support the SCP RUIN s

QOutput

113
123 Classification report

pr—
1
1

Rys. 38:

This tab allows for the calculation of class statistics such as number of pixels, percentage and area (area unit is
defined from the image itself).
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Input
o Select the classification | *!: select a classification raster (already loaded in QGIS);

. o : refresh layer list;

o I:ﬂ Use NoData value L1 I if checked, NoData value will be excluded from the report;

Run

* RUN s : choose the output destination and start the calculation; the report is saved in a text file and
displayed in the tab Output;

Cross classification

E Semi-Automatic Classification Plugin b o Bl s

#f Band set

ssification report ucross classification % Class signature | H Classification to vector |<5)!

= Basic tools

Input
& Download products 2

Cross classification

[= Preprocessing
Select the classification (&

#» Band processing

2 Use NoData value 0
- Postprocessing —

Band calc Select the reference vector or raster (]

<>

% Batch Vector field I |

#% Settings
[ About

=z User manual

{3} Online help

Run

Support the SCP RUN s

Output

Rys. 39: HE Cross classification

This tab allows for the calculation of a cross classification raster and matrix. Classification is compared to a
reference raster or reference vector (which is automatically converted to raster). This is useful for calculating the
area for every combination between reference classes and classification values. If a vector is selected as reference,
it is possible to choose a field describing class values.

The output is a cross raster thatis a .tif file where pixel values represent the categories of comparison
(i.e. combinations identified by the CrossMatrixCode) between the classification and reference. Also, a text
file containing the cross matrix (i.e. a . csv file separated by tab) is created with the same name defined for the
.tif file.
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Input

Select the classification | >!: select a classification raster (already loaded in QGIS);

. 0 : refresh layer list;

o I:ﬂ Use NoData value [1_."}-]: if checked, NoDat a value will be excluded from the calculation;

Select the reference vector or raster __*I: select a raster or a vector (already loaded in QGIS), used as
reference layer;

. 0 : refresh layer list;

* Vector field | !: if a vector is selected as reference, select a vector field containing numeric class values;

Run

* RUN s : choose the output destination and start the calculation; the cross matrix is displayed in the tab
Output and the cross raster is loaded in QGIS;

Class signature

Semi-Automatic Classification Plugin [RCERRZR =
Band set 5 : e
- ssification report | u Cross classification % Class signature | “ Classification to vector |(5)|
= Basic tools T
Input

4 Download products

:
[= Preprocessing

. Select the classification (&)
> Band processing —_
" T
TR Select input band set 1
Band calc - |+ Save resulting signatures to Signature list
% Batch
2 settings
[7 about
z[z User manual
{3} online help
Run
Support the SCP RUIN s
Qutput

Rys. 40: % Class signature

This tab allows for the calculation of the mean spectral signature of each class in a classification using a Band set
(strona 37).
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Select the classification | >!: select a classification raster (already loaded in QGIS);

. 0 : refresh layer list;

* Select input band set 1v1: select the input Band set (strona 37) for spectral signature calculation;

. M-J Save resulting signatures to Signature list: if checked, save the resulting spectral signatures to RO/
Signature list (strona 27);

Run

* RUN 3 : choose the output destination and start the conversion;

Classification to vector

Semi-Automatic Classification Plugin L o B3

Band set :
- 1 | & Class signature H:Iassiﬂcatinntovactol| E’ Reclassification | Edit raster |<I)

= Basic tools e —
Classification to vector

B Select the classification | 0

[= Preprocessing

Symbology

%> Band processing || Use code from Signature list | C_ID v

- Postprocessing

Band calc

% Batch
#¢ Settings
[/ About

=z User manual

{3} Online help

Run

Support the SCP

v @

Rys. 41: H Classification to vector

This tab allows for the conversion of a classification raster to vector shapefile.

e Select the classification ! select a classification raster (already loaded in QGIS);

. 0 : refresh layer list;
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Symbology

. M-J Use code from Signature list . _: if checked, color and class information are defined from ROI Signature list (str

— MC 1ID: use the ID of macroclasses;

— C ID: use the ID of classes;

Run

¢ RUN & : choose the output destination and start the conversion;

Reclassification

Semi-Automatic Classification Plugin [CERRZR

Band set
= Edit raster | n Classification sieve |(I)|

H Classification to vector g Reclassification
= Basic tools

Reclassification

e s Select the classification (&)

e sty | values

%> Band processing || calculate C ID to MC ID values Calculate unigue values E:

-+ Postprocessing
J Old value MNew value

g Band calc

& Batch
’( Settings
[/ About

0 ®

:[5 User manual

{3} online help

Symbology

|+ | Use code from Signature list lMC_ID vJ

Run

Support the SCP

Rys. 42: g Reclassification

This tab allows for the reclassification (i.e. assigning a new class code to raster pixels). In particular, it eases the
conversion from C ID to MC ID values.

o Select the classification | ¥): select a classification raster (already loaded in QGIS);

. 0 : refresh layer list;
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Values

. v calculate C ID to MC ID values: if checked, the reclassification table is filled according to the RO/

Signature list (strona 27) when Calculate unique values 2 is clicked;

)

* Calculate unique values : calculate unique values in the classification and fill the reclassification table;

o li== Values: table containing the following fields;

— Old value: set the expression defining old values to be reclassified; O1d wvalue can be a value
or an expressions defined using the variable name raster (custom names can be defined in
Variable name for expressions (strona 97) ), following Python operators (e.g. raster > 3
select all pixels having value > 3 ; raster > 5 | raster < 2 select all pixels having
value>5o0r<2;raster >= 2 & raster <= 5 select all pixel values between 2 and 5);

— New value: set the new value for the old values defined in 01d value;

. + : add a row to the table;

. : remove highlighted rows from the table;

Symbology

. ~ Use code from Signature list .~ : if checked, color and class information are defined from ROI Signature list (str

— MC ID: use the ID of macroclasses;

— C ID: use the ID of classes;

Run

e RUN s : choose the output destination and start the calculation; reclassified raster is loaded in QGIS;

Edit raster
This tab allows for the direct editing of pixel values in a raster. Only pixels beneath ROI polygons or vector
polygons are edited.

Attention: the input raster is directly edited; it is recommended to create a backup copy of the input
raster before using this tool in order to prevent data loss.

This tool can rapidly edit large rasters, especially when editing polygons are small, because pixel values are edited
directly. In addition, the Pasek narzedzi Edycja SCP (strona 107) is available for easing the raster editing using
multiple values.

* Select the input raster —.: select a raster (already loaded in QGIS);

. o : refresh layer list;

82 Rozdziat 3. Interfejs SCP



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

=f Band set

; Basic tools

‘ Download products
[.. Preprocessing

> Band processing
Band calc -
& Batch

2% Settings
[/ About

z[z User manual

{5} online help

Support the SCP

Semi-Automatic Classification Plugin [RCERRZR =

E Classification sieve |< |)|

| H Classification to vector | g Reclassification Edit raster

Select the input raster (&)

Edit raster values

*  Edit values using ROI polygons

o

Edit values using a vector (&)

p— | | |

|| Use the value field of the vector l |

\+| Use constant value ) el
| | Use expression | wherelraster == 1, 2, raster)
Run

gj RUN 9

Edit raster values

Rys. 43: Edit raster

o =" Edit values using ROI polygons: if checked, raster is edited using temporary ROI polygons in the map;

N N
o =" FEdit values using a vector . if checked, raster is edited using all the polygons of selected vector;

. 0 : refresh layer list;

Edit options

. L!:I Use the value field of the vector | *I: if checked, raster is edited using the selected vector (in Edit
values using a vector) and the polygon values of selected vector field;

. Ia':] Use constant value | '~ if checked, raster is edited using the selected constant value;

. I:ﬂ Use expression LTl if checked, raster is edited according to the entered expression; the expression
must contain one or more where; accepted variable are raster representing the input raster value and
vector representing the vector value if selected; the following example expression where (raster ==
1, 2, raster) is already entered, which sets 2 where raster equals 1, and leaves unchanged the
values where raster is not equal to 1;
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Run

. E: undo the last raster edit (available only when using ROI polygons);

e RUN 3 . edit the raster;

Classification sieve

Semi-Automatic Classification Plugin | = @3 x

& Band set

Edit raster E Classification sieve i Classification erosion

‘B Classification dilation | <
= Basic tools =

Classification sieve

e e Select the classification (&)

[+ Preprocessing R
Size threshold 2 ~ Pixel connection 4 W

#» Band processing
Band calc -
& Batch

#¢ Settings

[/ About

z[z User manual

{3} online help

Run

Support the SCP

N

Rys. 44: ﬁ Classification sieve

This tab allows for the replacement of isolated pixel values with the value of the largest neighbour patch (based
on GDAL Sieve ). It is useful for removing small patches from a classification.

o Select the classification | *!: select a raster (already loaded in QGIS);

. 0 : refresh layer list;

* Size threshold e I size of the patch to be replaced (in pixel unit); all patches smaller the the selected
number of pixels will be replaced by the value of the largest neighbour patch;

* Pixel connection | I; select the type of pixel connection:
— 4: in a 3x3 window, diagonal pixels are not considered connected;

— &8: in a 3x3 window, diagonal pixels are considered connected;
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Run

* RUN 3 : choose the output destination and start the calculation;

Classification erosion

Semi-Automatic Classification Plugin | @ = E X

#f Band set

Edit raster | ﬁ Classification sieve .Elassificatinn erosion * Classification dilation | <

= Basic tools

Classification erosion

& Download products Select the classification (&)

[= Preprocessing

Class values
$» Band processing

Size in pixels 1 4 Pixel connection 4 W
—
Band calc .
) Batch
2% Settings
[7 About
Z[z User manual

{3} Online help

Run

Support the SCP

o &

Rys. 45: i Classification erosion

This tab allows for removing the border of a class patch (erosion), defining the class values to be eroded and the
number of pixels from the border. It is useful for classification refinement.

e Select the classification > select a raster (already loaded in QGIS);

. 0 : refresh layer list;

* Class values | : set the class values to be eroded; class values must be separated by , and — can be used
to define a range of values (e.g. 1, 3-5, 8 will select classes 1, 3, 4, 5, 8); if the text is red then the
expression contains errors;

e Size in pixels e I: number of pixels to be eroded from the border;
e Pixel connection | J: select the type of pixel connection:
— 4: in a 3x3 window, diagonal pixels are not considered connected;

— & in a 3x3 window, diagonal pixels are considered connected;
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Run

* RUN 3 : choose the output destination and start the calculation;

Classification dilation

Semi-Automatic Classification Plugin | @ = E X

#f Band set

Edit raster | ﬁ Classification sieve | ' Classification erosion , Classification dilatior | <

= Basic tools

Classification dilation

& Download products Select the classification (&)

[= Preprocessing

Class values
$» Band processing

Size in pixels 1 4 Pixel connection 4 W
—
Band calc .
) Batch
2% Settings
[7 About
Z[z User manual

{3} Online help

Run

Support the SCP

o &

B
Rys. 46: % Classification dilation

This tab allows for dilating the border of a class patch, defining the class values to be dilated and the number of
pixels from the border. It is useful for classification refinement.

e Select the classification > select a raster (already loaded in QGIS);

. 0 : refresh layer list;

s Class values | : set the class values to be dilated; class values must be separated by , and — can be used

to define a range of values (e.g. 1, 3-5, 8 will select classes 1, 3, 4, 5, 8); if the text is red then the
expression contains errors;

e Size in pixels e I: number of pixels to be dilated from the border;
e Pixel connection | J: select the type of pixel connection:
— 4: in a 3x3 window, diagonal pixels are not considered connected;

]

— & in a 3x3 window, diagonal pixels are considered connected;
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Run

* RUN 3 : choose the output destination and start the calculation;

3.4.7 Band calc

Semi-Automatic Classification Plugin [_@ = B i
# Band set
. Basic tools Variable : Band name
4 Download products (§]

[= Preprocessing

&£ Band processing

T 12 Expression | [, Decision rules
& Postprocessing

7} | 1 1 [ T el
Band calc S == L

S Batch L*J L) [sin ] [asin ]
X Settings = S | cos | | acos |
7 about L L) (tan J [ atan |
z[z User manual L”‘_J Li_,l M ﬂj
{3} online help (o | | m | nodata

l dj |

Support the 5CP
= Qutput raster

|_ | Set NoData 0 C Extent |v| Intersection | | Sameas | "Map extent v | & Align s

Rys. 47: ﬁ Band calc

The Band calc allows for the raster calculation for bands (i.e. calculation of pixel values) using NumPy
functions . Raster bands must be already loaded in QGIS. Input rasters must be in the same projection.

In addition, it is possible to calculate a raster using decision rules.

Band list

NERE

o li== Band list: table containing a list of single band rasters (already loaded in QGIS);
— Variable: variable name defined automatically for every band (e.g. rasterl, raster2);

— Band name: band name (i.e. the layer name in QGIS);
. 0 : refresh image list;

Expression

Enter a mathematical expression for raster bands. In particular, NumPy functions can be used with the prefix np.
(e.g. np.1logl0 (rasterl) ). For a list of NumPy functions see the NumPy page .
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The expression can work with both Variable and Band name (between double quotes). Also, bands in the Band set
(strona 37) can be referenced directly; for example bandset#b1 refers to band 1 of the Band set. Double click
on any item in the Band list (strona 87) for adding its name to the expression. In addition, the following variables
related to Band set (strona 37) the are available:

e #BLUE#”: the band with the center wavelength closest to 0.475 pum;

* #GREEN#": the band with the center wavelength closest to 0.56 pm;

* #RED#”: the band with the center wavelength closest to 0.65 um;

o #NIR#”: the band with the center wavelength closest to 0.85 um;
Variables for output name are available:

e #BANDSET#: the name of the first band in the Band set (strona 37);

» #DATE#: the current date and time (e.g. 20161110_113846527764);

If text in the Expression is green, then the syntax is correct; if text is red, then the syntax is incorrect and it is not
possible to execute the calculation.

It is possible to enter multiple expressions separated by newlines such as the following example:
"rasterl" + "raster2"
"raster3" - "raster4"

The above example calculates two new rasters in the output directory with the suffix _1 (e.g. calc_raster_1
) for the first expression and _2 (e.g. calc_raster_2 ) for the second expression. Also, it is possible to define
the output name using the symbol @ followed by the name, such as the following example:

"rasterl" 4+ "raster2" @ calc_1
"raster3" - "raster4" Q@ calc_2
The following buttons are available:

* +: plus;

e _: minus;

e product;

e /: ratio;

* A power;

e V: square-root;

* (: open parenthesis;

* ): close parenthesis;

e >: greater then;

e <: less then;

* [n: natural logarithm;

e m: pi;

e ==: equal;

e /=: not equal;

e sin: sine;

e asin: inverse sine;

* cos: cosine;

* qcos: inverse cosine;

¢ fan: tangent;
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* atan: inverse tangent;

* where: conditional expression according to the syntax where ( condition , value if true,
value if false) (e.g. where ("rasterl" == 1, 2, "rasterl"));

* exp: natural exponential;

* nodata: NoData value of raster (e.g. nodata ("rasterl")); it can be used as value in the expression
(e.g. where ("rasterl" == nodata("rasterl"), 0, "rasterl"));

Index calculation

Index calculation allows for entering a spectral index expression (see Spectral Indices (strona 128)).

¢ Index calculation ' *: list of spectral indices:

— NDVI: if selected, the NDVI calculation is entered in the Expression ( (( "#NIR#" -
"#RED#") / ( "#NIR#" + "#RED#") @ NDVI) );

— EVI: if selected, the EVI calculation is entered in the Expression ( 2.5 » ( "#NIR#"
"H#RED#" ) / ( "#NIR#" + 6 x "#RED#" - 7.5 x "#BLUE#" + 1) Q@ EVI);

. ‘EI: open a text file (.txt) containing custom expressions to be listed in Index calculation; the text file must
contain an expression for each line; each line must be in the form expression_name; expression
(separated by ;) where the expression_name is the expression name that is displayed in the Index
calculation; if you open an empty text file, the default values are restored; following an example of text

content:

NDVI; ( "#NIR#" - "#RED#" ) / ( "#NIR#" + "#RED#" ) @NDVI

EVI; 2.5 % ( "#NIR#" — "#RED#" ) / ( "#NIR#" + 6 x "#RED#" — 7.5 % "#BLUE#" +_
1) QEVI

SR; ( "#NIR#" / "#RED#" ) @SR

Decision rules

Decision rules allows for the calculation of an output raster based on rules. Rules are conditional statements based
on other rasters; if the Rule is true, the corresponding Value is assigned to the output pixel.

Rules are verified from the first to the last row in the table; if the first Rule is false, the next Rule is verified for that
pixel, until the last rule. If multiple rules are true for a certain pixel, the value of the first Rule is assigned to that
pixel. The NoData value is assigned to those pixels where no Rule is true.

[

e li== Decision rules: table containing the following fields;
— Value: the value assigned to pixels if the Rule is true;

— Rule: the rule to be verified (e.g. "rasterl" > 0); multiple conditional statements can be
entered separated by ; (e.g. "rasterl" > 0; "raster2" < 1 which means to set the
Value where rasterl >0 and raster2 < 1);

: move highlighted rule up;

: move highlighted rule down;

-+ |~

. add a new row to the table;

. : delete the highlighted rows from the table;
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Semi-Automatic Classification Plugin TR =1 X4
# Band set
= Basic tools Variable : Band name :

4 Download products (&)

[> Preprocessing
#» Band processing

3 2 Expression (il Decision rules
& Postprocessing

%) Batch
2% Settings
[7 About

=[5 User manual

{3} Online help

PRONEBE

Support the SCP

Qutput raster

| | Set NoData O | Extent || Intersection | | Same as | "Map extent v | .» Align s

CJ

. ® . clear the table;

. 1 : export the rules to a text file that can be imported later;

. I: import rules from a text file;

Output raster

The output raster is a .tif file, with the same spatial resolution and projection of input rasters; if input rasters have
different spatial resolutions, then the highest resolution (i.e. minimum pixel size) is used for output raster.

. L:r-'l Use NoData value L I if checked, set the value of NoData pixels in output raster;

« Extent: if the following options are unchecked, the output raster extent will include the extents of all input rasters;

- I&F-J Intersection: if checked, the extent of output raster equals the intersection of input raster
extents (i.e. minimum extent);

- Same as | if checked, the extent of output raster equals the extent of ,, Map extent” (the
extent of the map currently displayed) or a selected layer;

N
o " Align: if checked, and Ld Same as is checked selecting a raster, the calculation is performed using
the same extent and pixel alignment of selected raster;

* RUN s : if Expression is active and text is green, choose the output destination and start the cal-
culation based on Expression; if Decision rules is active and text is green, choose the output
destination and start the calculation based on Decision rules;
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3.4.8 Batch

Semi-Automatic Classification Plugin e o Bl RS
# Band set
f~ Basic tools Functions -
& Download products jacenracy

[-o Preprocessing ‘add_new_bandset

#» Band processing \add_raster —

Postprocessing |aster_conversion

‘band_calc

Band calc &
m 'band_combination
2% settings Eclass_signature
[/ About classification

=[5 User manual | classification_dilation

15} online help classification_erosion

rlassificatinn_renart v

@ @

Support the SCP

Run

S

Rys. 48: g Batch

This tab allows for the automatic execution (batch) of several SCP functions using a scripting interface.

Batch

Enter a batch expression; each function must be in a new line. Functions have the following structure:
function name; function options

Each function has options, identified by a name, with the following structure:
option name: option argument

Options must be separated by the character ; . Each function option represents an option in the corresponding
interface of SCP; option arguments of type text must be between the character ' ; in case of checkboxes, the
value 1 represents checked, while the value O represents unchecked. A new line beginning with # can be used for
commenting.

According to the function, some of the options are mandatory while other options can be omitted from the expres-
sion. Option names that contain path require the full path to a file. Some options require multiple arguments
such as lists; lists must be separated by , .

If the expression contains errors, the text is red. An expression check label is displayed with a brief description of
the error.

e = ¥ clear the expression;

. @: export the batch expression to a file;

3.4. Main Interface Window 91



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

. @: import a previously saved batch expression from file;

A table Functions is displayed at the right side; double click to insert a function in the expression; the following functions ar

e Accuracy (strona 75):  calculate accuracy (accuracy;classification_file_path
''";reference_file_path : '';shapefile_field_name : '
output_raster_path : '');

e ASTER (strona 61): ASTER conversion (aster_conversion;input_raster_path
'';celsius_temperature : O0O;apply_dosl : 0O;use_nodata : 1;
nodata_value : 0;create_bandset : l;output_dir : UADK

e Band calc  (strona  87): band calculation (band_calc;expression : '';
output_raster_path : ''";extent_same_as_raster_name '
extent_intersection : 1;set_nodata : O0;nodata_value : 0);

e Band combination (strona 70): band combination (band_combination;band_set : 1;
output_raster_path : ',

e Class signature (strona 79): class signature (class_signature; input_raster_path
'';band_set : 1;save_signatures : 1;output_text_path : ')

e Classification — output  (strona  33): perform  classification (classification;
use_macroclass : O;algorithm_name : '"Minimum Distance';use_1lcs
0;use_lcs_algorithm : 0Oj;use_lcs_only_overlap : O0;apply_mask
O;mask_file_path : '';vector_output : 0;classification_report
0;save_algorithm_files : O0;output_classification_path : '');

e Classification dilation (strona 86): dilation of a classification (classification_dilation;
input_raster_path ;class_values ''";size_in_pixels : 1;
pixel_connection : 4;output_raster_path : DK

e Classification erosion (strona 85): erosion of a classification (classification_erosion;
input_raster_path : '';class_values : '';size_in_pixels : 1;
pixel_connection : 4;output_raster_path : ',

e Classification report (strona 77): report of a classification (classification_report;
input_raster_path : '';use_nodata : 0;nodata_value : 0;
output_report_path : '');

e Classification  sieve  (strona  84): classification sieve(classification_sieve;
input_raster_path : '';size_threshold : 2;pixel_connection : 4,;
output_raster_path : DK

* Classification to vector (strona 80): convert classification to vec-
tor (classification_to_vector;input_raster_path : 'Y
use_signature_list_code : 1;code_field : 'C_ID';
output_vector_path : '');

e Clip multiple rasters (strona 65): clip multiple rasters (clip_multiple_rasters;
input_raster_path : '';output_dir : '';use_shapefile : 0;
shapefile_path : 'Tyul_x o '"yul vy o ' 1r x "1y v,
nodata_value : 0;output_name_prefix : 'clip');

e Cloud masking (strona 69): cloud masking (cloud_masking;band_set : 1;
input_raster_path : ''";class_values : '';use_buffer : 1;
size_in pixels : 1;nodata_value : 0;output_name_prefix : 'mask’;
output_dir : '');

e Clustering (strona 72): clustering (clustering;band_set : 1;clustering_method
1;use_distance_threshold : 1;threshold_value : 0.0001;
number_of_classes : 10;max_iterations : 10;isodata_max_std_dev
0.0001;isodata_min_class_size : 10;use_nodata : 0;nodata_value
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0; seed_signatures : 1;distance_algorithm : 1;save_signatures
0;output_raster_path : DK

e Cross classification (strona 78): cross classification (cross_classification;
classification_file_path : ''";use_nodata : 0;nodata_value

O;reference_file_path : '';shapefile_field_name : '
output_raster_path : ',

o Edit raster (strona 82): edit raster values using a shapefile);
(edit_raster_using_shapefile; input_raster_path : 'Y
input_vector_path : ''";vector_field_name : ''";constant_value
0;expression : 'where (raster == 1, 2, raster)');

e Land cover change (strona 76): calculate land cover change (land_cover_change;

reference_raster_path : '',;new_raster_path : '
output_raster_path : '');

e Landsat (strona 56): Landsat conversion (landsat_conversion;input_dir : '';
mtl_file_path : '';celsius_temperature : 0;apply_dosl : 0;
use_nodata : 1;nodata_value : 0;pansharpening : 0; create_bandset

1;output_dir : IADK

e MODIS (strona 62): MODIS conversion (modis_conversion;input_raster_path

'';reproject_wgs84 : 1;use_nodata : 1l;nodata_value : -999;
create_bandset : 1l;output_dir : '

e PCA (strona 71): Principal Component Analysis (pca;use_number_of_components
0, number_of_components : 2;use_nodata : 1;nodata_value : O0;
output_dir : ''");

* Reclassification (strona 81): raster reclassification (reclassification;
input_raster_path : ''";value_list : 'oldVal—-newVal;
oldVal-newVal';use_signature_list_code : 1;code_field : 'MC_1ID';
output_raster_path : '');

e Sentinel-2 (strona 58): Sentinel-2 conversion (sentinel2_conversion; input_dir
'';mtd_safllc_file_path : '';apply_dosl : 0;use_nodata : 1;
nodata_value : 0; create_bandset : 1;output_dir : 'Yy,

e Sentinel-3 (strona 59): Sentinel-3 conversion (sentinel3_conversion; input_dir
'';apply_dosl : 0;dosl_only blue_green : 1l;use_nodata : 1;
nodata_value : 0;create_bandset : 1;output_dir : ''";band_set
1);

e Spectral distance (strona 73): spectral distance of band sets (spectral_distance;
first_band_set : 1;second _band_set : 2;distance_algorithm : 1;
use_distance_threshold : 1;threshold _value : 0.l1;output_dir
")

e Split raster bands (strona 66): split raster to single bands (split_raster_bands;
input_raster_path : '';output_dir '';output_name_prefix
'split');

e Stack raster bands (strona 67): stack rasters into a single file (stack_raster_bands;
input_raster_path : '';output_raster_path : '');

e Vector to raster (strona 64): convert vector to raster (vector_to_raster;vector_file_path
'';use_value_field : 1;vector_field_name : '';constant_value
1, reference_raster_path : '';type_of_conversion : 'Center of
pixels';output_raster_path : UADK

In addition, the following functions are available:

* Add a new band set: add a new empty band set (add_new_bandset;);
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e Add raster to QGIS: add a raster to QGIS (add_raster; input_raster_path : '';
input_raster_name : 'Y,

e Create band set: create a Band set assigning bands (create_bandset;
raster_path_list : '';center_wavelength : '';wavelength_unit
1;multiplicative_factor : ''";additive_factor : '),

e Open training input: open a training input file (open_training_input;
training_file_path : ''");

* Remove band set: remove a band set by the number thereof (remove_bandset;band_set
1);

e Select band set: select a band set (active band set) by the number thereof (select_bandset;
band_set : 1);

e Set working directory: set a working directory (argument is the path to a directory) (!
working_dir!;'"');

If a working directory is defined, !working_dir! can be entered in other functions where a
path is required (e.g. add_raster; input_raster_path : '!working_dir!/rasterl.tif"';
input_raster_name : ‘'rasterl.tif'); Anexample of batch expression is:

'working_dir!; '/home/user/Desktop/temp/"’

add_raster; input_raster_path : '!working_dir!/rasterl.tif';input_raster_name
—'rasterl.tif'

band_calc;expression : 'where("rasterl.tif" > 1, 1,0)';output_raster_path : '!
—working_dir!/calcl.tif';set_nodata : 1l;nodata_value : 0
band_calc;expression : '""rasterl.tif" % "calcl.tif"';output_raster_path : '!
—working_dir!/calc2.tif';extent_intersection : 0

Run

* RUN s : if text in the batch expression is green, start the batch processes;

3.4.9 Settings

The tab X Settings allows for the customization of SCP.

Processing

Classification process

a
.~ Play sound when finished : if checked, play a sound when the classification process is completed;

. a . .
v Use virtual rasters for temp files . if checked, create virtual rasters for certain temporary files,
instead of creating real rasters; it is useful for reducing disk space usage during calculations;

a4 . . .
. 1 Raster compression . if checked, a lossless compression (DEFLATE or PACKBITS) is applied to
raster outputs in order to save disk space; it is recommended to check this option, however compressed files
are sometimes larger than files without compression;
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Semi-Automatic Classification Plugin (RIS =T

## Band set Processing

= Basic tools

Classification process

& Download products +| Play sound when finished | Usevirtual raster for temp files |+ Raster compression
[> Preprocessing SMTP process notification
. | SMTP server |user | password
#» Band processing
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% Batch
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Debug

Rys. 49: Processing

SMTP process notification

SMTP server |1 : the SMTP server to login for sending a notification email when all the SCP
processes are finished (a notification is sent also in case of error, but not in case of crash);

* user [.- it : the SMTP server user;
* password [ s : the SMTP server password;

) & . .
s Send email of completed process to | : a list of addresses (separated by comma) to send the notifi-
cation email to;

RAM

m a

e Available RAM (MB) V) : set the available RAM (in MB) that is used during the processes in order
to improve the SCP performance; this value should be half of the system RAM (e.g. 1024MB if system has
2GB of RAM); in case of errors, set a value lower than 512MB;

http://www.youtube.com/watch?v=KDI3ud9L6UY
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Temporary directory

F . . .
. EI : select a new temporary directory where temporary files are saved during processing; the path to
the current temporary directory is displayed; default is a system temporary directory;

CJ

e T X reset to default temporary directory;

Interface

Customization of the interface.

#f Band set

= Basic tools

4 Download products
[= Preprocessing

&> Band processing
& Postprocessing

i Band calc

% Batch

. Settings
About

= User manual

Support the SCP

Semi-Automatic Classification Plugin | @ = 8 &
Processing
Interface
Field names of training input
|MC 1D field |MC Info field |CID field | C Info field
MCID - MC_info | lcp | cinfo | ==

ROI color ! Transparency -

ariable name for expressions (tab Reclassification and Edit raster)

]

Variable name raster

tn

Temporary group name

Group name Class_temp_group

|| Download news on startup

t

Debug

Rys. 50: Interface

Field names of training input

Set the names of fields in the Training input (strona 24) . Changing field names should usually be avoided.

MC ID field T

MC Info field | %)

CID field %]

C Info field |

]
: name of the Macroclass ID field (default is MC__ID);

. . .
: name of the Macroclass Information field (default is MC_info);

a
: name of the Class ID field (default is C__ID);

: name of the Class Information field (defaultis C_info);

e = M reset field names to default;
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ROI style
Change ROI color and transparency for a better visualization of temporary ROIs on the map.
a .
* ROI color : button for changing ROI color;
== =
* Transparency =~ : change ROI transparencys;

CJd

. #: reset ROI color and transparency to default;

Variable name for expressions
Set the variable name used in expressions of the Reclassification (strona 81) and Edit raster (strona 82) .
=

e Variable name : set variable name (default is raster);

o ® . reset variable name to default;

Temporary group nhame
Set the temporary group name in QGIS Layers used for temporary layers .
=

* Group name : set group name (defaultis Class_temp_group);

. *: reset group name to default;

Dock

o £ Download news on startup: if checked, news about the SCP and related services are downloaded on
startup and displayed in Dock;

Debug

Debugging utilities for the creation of a Log file (i.e. recording of SCP activities for reporting issues) and testing
SCP dependencies.

http://www.youtube.com/watch?v=S004gNzDC9Y

If you found a plugin error, please read W jaki sposob moge zgtosic blqd? (strona 229) .

Log file

|| a
.4 Records events in a log file : if checked, start recording events in a Log file;
. @: export the Log file (i.e. a .txt file);

o ¥ clear the content of Log file;
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of Band set

= Basic tools

4 Download products
[> Preprocessing

#» Band processing
@ Postprocessing
Band calc

% Batch
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=[5 User manual
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Semi-Automatic Classification Plugin TR =1 X4

Processing
Interface
Debug

| Record events in a Log file

Date i Function i Mes

[ J < >

Test

Test dependencies @i

Test

¢ Test dependencies

Rys. 51: Debug

>

3.5 Wykres sygnatur widmowych

: test SCP dependencies (GDAL, GDAL subprocess, NumPy, SciPy, Matplotlib,
Internet connection); results are displayed in a window;

Okno Wykres sygnatur widmowych ‘zawiera kilka funkcji dla wyswietlania wartoSci sygnatur widmowych jako

w funkcji dtugosci fali (zdefiniowanej w :ref: ‘band_set_tab).

sygnatur widmowych poprzez SCP dock (strona 23).

Sygnatury moga zosta¢ dodane do Wykresu

Okno Spectral Signature Plot zawiera rowniez niektére funkcje uzyteczne do definiowania przedziatéw wartosci
uzywanych przez Land Cover Signature Classification (strona 122) (zobacz w LCS threshold (strona 49)).

Pokrywajace si¢ sygnatury (nalezace do réznych klas lub makroklas) sa pod§wietlane na pomaraficzowo w tabeli
Lista sygnatur w wykresie (strona 98); sprawdzanie pokrycia jest wykonywane biorac pod uwage MC ID i C ID

zgodniez ustawieniem uzyj EJ MCID I::I C ID w Algorithm (strona 31). Pokrywajace si¢ sygnatury majace to
samo ID nie sa pod$§wietlane.

3.5.1 Lista sygnatur w wykresie

0o
e li== Lista sygnatur:

— §: pole checkbox; jesli zaznaczone, charakterystyka widmowa jest wySwietlana na wykresie;

— MC ID: Identyfikator makroklasy sygnatury;

98
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' @, SCP: Spectral Signature Plot @' @' @

Rys. 52: Wykres sygnatur widmowych
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MC Info: Informacja o makroklasie sygnatury;

C ID: ID klasy sygnatury;

C Info: Informacja o klasie sygnatury;

Kolor [nachodzqce MC_ID-C_ID]: kolor sygnatury; réwniez kombinacja MC ID-C ID jest wy-
Swietlana jesli zachodzi naktadanie z innymi sygnaturami (zobacz Land Cover Signature Classi-
fication (strona 122));

— Min B X: minimum wartos$ci w kanale X; ta warto$¢ moze by¢ zmieniona;

— Max B X: maksimum warto$ci w kanale X; ta warto$¢ moze by¢ zmieniona;

. : usun zaznaczone sygnatury z listy;

. %z add highlighted spectral signatures to RO! Signature list (strona 27);

e
§ s
.

¥ calculate the spectral distances of spectral signatures displayed in the plot; distances are reported in
the tab Odlegtosci widmowe (strona 101);

Automatyczne progi

Ustaw progi automatycznie dla pod$wietlonych sygnatur w tabeli Lista sygnatur w wykresie (strona 98); jesli
zadna sygnatura nie jest podSwietlona, progi sa stosowane dla wszystkich sygnatur.

* Min Max : ustaw prog na podstawie minimum i maksimum kazdego z kanatéw;

e g * 1w

2 : ustaw prog automatycznie wyliczony jako (warto$¢ kanatu + (o * v)), gdzie ojest odchyle-
niem standardowym dla kazdego kanatu a v jest zdefiniowana wartoscia;

. E wycofaj ostatnie progi automatyczne;

From ROI E: set the threshold using the temporary ROI pixel values, according to the following checkboxes:

<

+: if checked, signature threshold is extended to include pixel signature;

-

—: if checked, signature threshold is reduced to exclude pixel signature;

e From pixel H: set the threshold by clicking on a pixel, according to the following checkboxes:

<

+: if checked, signature threshold is extended to include pixel signature;

L

—: if checked, signature threshold is reduced to exclude pixel signature;

Wykres

Left click and hold inside the plot to move the view of the plot. Use the mouse wheel to zoom in and out the
view of the plot. Right click and hold inside the plot to zoom in a specific area of the plot. Legend inside the
plot can be moved using the mouse.

Plot commands:
LS |
e @ %: automatycznie dopasuj wykres do danych;
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0.30

k: zapisz obraz wykresu do pliku (dostgpne formaty to . jpg, .png, and . pdf);

g

lf 1

=1 activate the cursor for interactively changing the value range of highlighted signatures in the plot;
click the plot to set the minimum or maximum value of a band (also for several signatures simultaneously);
cursor is deactivated when moving outside the plot area;

g Wyrysuj zakres wartosci: jesli zaznaczono, wyrysuj zakres wartosci dla kazdej sygnatury (obszar p6t-

przezroczysty);

L Linie kanatow: jeSli zaznaczono, wy$wietlaj pionowe linie dla kazdego z kanatéw (centralna dlugosé

fali);

L. Siatka: jesli zaznaczono, wyswietlaj siatke;

Maksymalna ilos¢ znakow i : ustaw maksymalnag dlugos¢ tekstu legendy;

Xy

wys$wietl wspétrzedne x y kursora myszy wewnatrz wykresu;

.

—  1#Water 1#Lake
2#Built-up 2#Bu
— 3#Vegetation 3#
43#Bare soil 5#U

-- - - . - . -

o
io

1.2
Wavelength [pm (1 E-6m)]

1.5

18

Rys. 53: Sygnatura widmowa: Przyktad wykresu sygnatur widmowych

Szczegoly sygnatury

Display the details about spectral signatures (i.e. Wavelength, Values, and Standard deviation). In case of signa-

tures calculated from ROIs, the ROI size (number of pixels) is also displayed.

Odlegtosci widmowe

Wyswietl odlegtosci widmowe sygnatur (zobacz Lista sygnatur w wykresie (strona 98)), moga by¢ uzyteczne w

uzyskaniu rozréznialnosci OT (zobacz Spectral Distance (strona 124)).

Nastepujace odleglosci widmowe sa wyliczane :

Wartosci wyswietlane sg na czerwono, jesli sygnatury sa bardzo podobne.

e Jeffries-Matusita Distance (strona 124): zakres [0 = identyczne, 2 = rézne]; uzyteczne gtéwnie w
Maximum Likelihood (strona 120) classifications;

» Spectral Angle (strona 125): zakres [0 = identyczne, 90 = r6zne]; uzyteczne szczeg6lnie w Spectral
Angle Mapping (strona 121) classifications;

* Euclidean Distance (strona 125): uzyteczne gtéwnie w Minimum Distance (strona 120) classifications;

* Bray-Curtis Similarity (strona 126): zakres [0 = rézne, 100 = identyczne]; uzyteczne wszgdzie;

3.5. Wykres sygnatur widmowych
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Do SCP: Spectral Signature Plot @

| Signature list

S iMCIDi MCinfo :CID: Cinfo

Rys. 54: Sygnatura widmowa: Szczegoty sygnatury

|mm—mﬁmmmﬁmwwﬁwﬁmmﬁ—|m

| MC_ID = 2 MC_info = Built-up C_ID = 2 C_info = Buildings AOI_size = 160 pixels |
[Wavelength [E-6m][0.4%  [0.56 [0.665 [0.705 j0.74 793 0.B42 [0.B65 |[L.61 219 |

es B 31528 0.34507 0. 40855 [0.41648|0.43712 [E 3110.4365410.46223 0.63 6246 |
[Standard deviation|0.08236 0.0974810.1231 |0.10352/0.10634)[0.10836 |0.13041 0.10886 [0.16104/0.171 |

MC_ID = 3MC = Vegetation C_ID = 5 C_info = Deciduous trees ROI_s = 9194

=] = 3MC _info = Vi ion CID = 5 C info - Deciduous trees RO size = @ els

|[Wm‘|ﬁ 45 EG [0.665 [p.705 [0.74 _ |o.783 |0.8a2 [0.865 .61 [FRE]
Values _ [0.07875 [0.07938 [0.04444 [0.10337 WWIEETPE

ﬁmmamaﬁ 00153 [0.00347 |[0.00261 [0.00684 [[0.02124 [0.02628 |[0.02727 [0.02864 [0.01151 1[0.00578

MC_ID = BHC info = w;ﬂaﬁont ID =6C info = Cmp ROI size-mpmls ]
[‘“ﬁﬁ‘_'ﬁ'm[ﬁ

Rys. 55: Sygnatura widmowa: Przyktad szczegdtow sygnatury
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Do SCP: Spectral Signature Plot (RSN

| Signature list

S iMCIDi MCinfo :CID: Cinfo

Rys. 56: Sygnatura widmowa: Odlegtosci widmowe

Eiiéi-s.'eﬁrl"_ls'si-n_il'ﬁm ity (51 27 ¢

_Fic D= 3ﬁc info = \kgctnionc D= 5: info ~ Deciduous trees
Jeffries-Matusita distance 199999999959

Spectral angl 131,7500205201
| Eudidean distance 100566895221
Bray-Curtis similarity [%] 531865149551

‘
e———
Jeffries-Matusita distance 2.0
Spectral angle 36 416193

| Eudidean distance | 0.98272739517
Brﬁ-curt!s i!m!]laj [‘i] 8.59113857176

Rys. 57: Sygnatury widmowe: Przyktad odlegtosci widmowych
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3.6 Wykres punktowy

Okno Wykres punktowy wyswietla wartosci pikseli dwéch rastréw dla kanatéw w postaci punktow przestrzeni 2D.
Wykres punktowy jest przydatny w ocenie rozréznialnosci obszaréw treningowych pomigdzy dwoma kanatami.

B o SCP: Scatter Plot

Scaner list

¥ oW

Scate

Rys. 58: Wykres punktowy

Funkcje opisane sa szczegétowo w nastepnych akapitach.

3.6.1 Lista prébek

. Lista probek:

S IMCID: MCInfo :CID: CInfo i Color | Band X

r raswer

— S: pole checkbox; jesli zaznaczone, charakterystyka widmowa jest wySwietlana na wykresie;

— MC ID: Identyfikator makroklasy sygnatury;

MC Info: Informacja o makroklasie sygnatury;

C ID: ID klasy sygnatury;

C Info: Informacja o klasie sygnatury;

Color: pole koloru; dwukrotnie kliknij aby wybraé kolor wykresu;

e Kanat X : Kanat osi X wykresu;

104 Rozdziat 3
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e KanatY i : Kanat osi Y wykresu;

. & Precyzja - !: uzyj wlasnej precyzji obliczen (precyzja powinna by¢ dobrana zgodnie z wartoSciami pikseli):

- 4=10"1

-3=10"3

-2=10"?

-1=10""

-0=1

--1=10

- 2=10?

- -3=103
e Oblicz 2 : oblicz wykres punktowy dla obszaréw treningowych zaznaczonych na liScie;
« . usuii zaznaczone sygnatury z listy;

1

i dodaj tymczasowy wykres punktowy (jako MC Info = tempScatter) irozpocznij obliczenia
tymczasowego OT (zobacz Working toolbar (strona 34));

. E dodaj tymczasowy wykres punktowy do listy (jako MC Info
liczenia dla pikseli w obecnym zasiggu wyswietlanym;

tempScatter) irozpocznij ob-

. @: dodaj tymczasowy wykres punktowy do listy (jako MC Info
liczenia dla catego obrazu;

tempScatter) irozpocznij ob-

OSTRZEZENIE: Uzywanie zbyt wysokich warto$ci precyzji moze skutkowa¢ bardzo wolnymi
obliczeniami albo btedem.

Raster z wykresu punktowego

To narzgdzie pozwala na rysowanie poligonéw zaznaczenia w wykresie punktowym; te poligony zaznaczenia sg
uzywanedo tworzenia Scatter raster ktdry jest tymczasowym sklasyfikowanym rastrem dopasowanym do przecig-
cia danych wykresu punktowego i narysowanych poligonéw.

Piksele aktywnego zestawu kanatu sa klasyfikowane, w odniesieniu do kanatéw wykresu punktowego, jesli war-
tosci pikseli sa w przecigciu wykresu punktowego i poligonéw zaznaczenia (poligony te nie powinny na siebie
nachodzi¢). Wartosci przypisane do pikseli Rastra z rozrzutu i kolejnym numerem poligonu zaznaczenia; réwniez
kolor w rastrze pobierany jest z poligonu zaznaczenia.

Po utworzeniu nowego Scatter raster, starsze rastry umieszczane sa na warstwach QGIS wewnatrz grupy nazwa-
nej‘‘Grupa_tymczas_klas‘* (wlasna nazwa moze by¢ wprowadzona w Temporary group name (strona 97)) i sa
usuwane gdy sesja QGIS zostanie zakoriczona.

. E: aktywuj kursor dla interaktywnego rysowania poligonu w wykresie; klikaj lewym klawiszem dla
zdefiniowania segmentow poligonu, a prawym ostatni segment, aby zamknaé poligon;
* kolor: wybierz kolor poligonu (zostanie on pdzniej uzyty w Rastrze rozrzutu);

‘F
- 7 . . .
* b usun wszystkie poligony zaznaczenia z wykresu;

. Ez oblicz Scatter raster i wyswietl go na mapie;
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. ﬁ: oblicz sygnatury widmowe Scatter raster (biorac pod uwage wszystkie sklasyfikowane piksele) uzy-
wajac aktywnego zestawu kanatow, i zapisz sygnatury do ROI Signature list (strona 27);

* Zasigg . zasieg Rastra rozproszenia; dostepne opcje to:
— Taki jak wyswietlany: zasigg jak dla aktualnie wy$Swietlanej mapys;

— Taki jak scena: zasigg jak calej sceny;

Wykres

Nacis$nij lewy klawisz myszy i przytrzymaj wewnatrz wykresu aby przesunaé¢ widok wykresu. Uzyj kétka
myszy aby powiekszaé i pomniejsza¢ wykres. Prawy klawisz stuzy do powigkszenia wybranego obszaru
wykresu.

* Paleta kolorow | ) : wybierz palete koloréw ktéra bedzie zastosowana do pod§wietlonych klas na

liscie wykresu punktowego kiedy ? zostanie kliknigty; jesli zaden element wykresu nie jest pod§wietlony
to paleta stosowana jest do catego wykresu punktowego;

Kk A
. p\: automatycznie dopasuj wykres do danych;

J k: zapisz obraz wykresu do pliku (dostgpne formaty to . jpg, .png, and . pdf);

* x y: wysSwietl wspotrzedne x y kursora myszy wewnatrz wykresu;

B o SCP: Scatter Plot

(?

&

(x

S iMC IDs MCinfo ¢ CID: C Info i Color : Bandx | 1A~
1+ |2 Built-up |3 | Buildings _ —
2|lv |2 Vegetation |2 |Trees P 2 9
3 ¥ |1 Vegetation |1 | Grass | Precision |3 W |

Calculate
= &

0.10}

0.08}
~
o
= = color =
@ 006} | | W e E.!.J

& L B B
" Extent |same as display w
004} | play v |
0.02| f B Piot
Lo EHITEES

D.'IDD D.!‘:}5 D.ZII.D d
Band 1 @ w
'¥=0.131290 y=0.023224
Rys. 59: Przyktadowy wykres punktowy
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3.7 Pasek narzedzi Edycja SCP

[D cH Bl SN iz CN Bl fl

— Sl

Rys. 60: Narzedzia SCP

Pasek narzedzi Edycja SCP pozwala na bezposrednia edycje wartosci pikseli w rastrze zdefiniowanych w Edit
raster (strona 82) uzywajac poligonéw ROI. Tylko piksele w poligonie ROI bedg zmienione.

E

: otwérz narzedzie Pasek narzedzi Edycja SCP dla wybrania rastra wejsciowego

. 8 2) edytuj raster uzywajac wybranej statej wartosci;

o 0 2) edytuj raster uzywajac wybranej statej wartosci;

o L0 2) edytuj raster uzywajac wybranej statej wartosci;

. E: wycofajac ostatnia edycje¢ rastra (dostgpne jedynie gdy uzywali§my poligonéw ROI);

Project Edit View Layer Settings Plugins Vactor Raster Database Web SCP Processing Help

NeE: DOEEE A A ODEEME EJ[E v coow & mwn & ¢ OEEEIEIE o s & B

SCP Dock ° 1

() Semi-Automatic Classification Plugin [P A
X s o
: T )
5 5 i L
(v} 2 S i yp:ACIC €D Cinfo * Color = Basic ~ ' (4] 1 2
W] foel
g 3 B & Download products
[ o 2%
N [ Preprocessing o )
E ; th % Band processing E )|
=
-:L B & Fostprocessing + =
% 3 & Band calc i )
g e ® Batch sandset1 0O = @
s :
e fe) Lokt Band name Centerwavelength  Mubiplicative F  ($]
&0 [ About @ v
E 2 [ user manual @ a,
g
—~13 Online hel g
424 e A
S T )
= MCID 13 MCinfo MCL - |
(-3 Leadd ~ Wavelength unit | band numbe v
i cio 15 cinfla | c1 = @ @ -
- i
8 B v e v sy [0 | Creterasterof ¢ | Buid band overv _ Band calcexpres | RUN ) 4
SCP Dock \ Layers Panel -
o Typetolocate (cul+k)  RRURED Coordinate.  -0.732.0.957 | §5 Scale 1:L372611 v g Magnifier 100% | Rotation | 0.0* O Render S EPSGUIE @

Funkcje opisane w nastgpnych akapitach uzywaja takich konwencji:
190 = Pole daty

__T| = Pole tekstowe

. ¥l =Lista

e) = Pole liczbowe
= Opcjonalne
= Konfiguracja zapisywana w aktywnym projekcie QGIS

= Konfiguracja zapisywana w rejestrze QGIS
' = Suwak
[T

/== = Tabela
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Brief Introduction to Remote Sensing

* Basic Definitions (strona 110)

GIS definition (strona 110)

Remote Sensing definition (strona 110)

Sensors (strona 112)

Radiance and Reflectance (strona 112)

Spectral Signature (strona 112)

Land Cover (strona 112)

* Multispectral satellites (strona 112)

Landsat Satellites (strona 113)

Sentinel-2 Satellite (strona 114)

Sentinel-3 Satellite (strona 114)
ASTER Satellite (strona 115)

— MODIS Products (strona 115)

e Land Cover Classification (strona 116)

Supervised Classification (strona 116)

Color Composite (strona 116)

Training Areas (strona 117)

Classes and Macroclasses (strona 118)

Classification Algorithms (strona 118)

Spectral Distance (strona 124)

Classification Result (strona 126)

* Image processing (strona 127)

Accuracy Assessment (strona 126)

109
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Principal Component Analysis (strona 127)

Pan-sharpening (strona 128)

Spectral Indices (strona 128)

Clustering (strona 129)
* Image conversion to reflectance (strona 131)

— Radiance at the Sensor’s Aperture (strona 131)

Top Of Atmosphere (TOA) Reflectance (strona 131)

Surface Reflectance (strona 132)
— DOSI Correction (strona 132)
» Conversion to Temperature (strona 134)
— Conversion to At-Satellite Brightness Temperature (strona 135)

— Estimation of Land Surface Temperature (strona 135)

* References (strona 136)

4.1 Basic Definitions

This chapter provides basic definitions about GIS and remote sensing. For other useful resources see Darmowe i
cenne zasoby poswigcone teledetekcji i GIS (strona 232).

4.1.1 GIS definition

There are several definitions of GIS (Geographic Information Systems), which is not simply a program. In general,
GIS are systems that allow for the use of geographic information (data have spatial coordinates). In particular,
GIS allow for the view, query, calculation and analysis of spatial data, which are mainly distinguished in raster
or vector data structures. Vector is made of objects that can be points, lines or polygons, and each object can
have one ore more attribute values; a raster is a grid (or image) where each cell has an attribute value (Fisher and
Unwin, 2005). Several GIS applications use raster images that are derived from remote sensing.

4.1.2 Remote Sensing definition

A general definition of Remote Sensing is ,.the science and technology by which the characteristics of objects of
interest can be identified, measured or analyzed the characteristics without direct contact” (JARS, 1993).

Usually, remote sensing is the measurement of the energy that is emanated from the Earth’s surface. If the source
of the measured energy is the sun, then it is called passive remote sensing, and the result of this measurement can
be a digital image (Richards and Jia, 2006). If the measured energy is not emitted by the Sun but from the sensor
platform then it is defined as active remote sensing, such as radar sensors which work in the microwave range
(Richards and Jia, 2006).

The electromagnetic spectrum is ,,the system that classifies, according to wavelength, all energy (from short
cosmic to long radio) that moves, harmonically, at the constant velocity of light” (NASA, 2013). Passive sensors
measure energy from the optical regions of the electromagnetic spectrum: visible, near infrared (i.e. IR), short-
wave IR, and thermal IR (see Figure Electromagnetic-Spectrum (strona 111)).

The interaction between solar energy and materials depends on the wavelength; solar energy goes from the Sun to
the Earth and then to the sensor. Along this path, solar energy is (NASA, 2013):

* Transmitted - The energy passes through with a change in velocity as determined by the index of refraction
for the two media in question.
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Rys. 1: Electromagnetic-Spectrum
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via Wikimedia Commons
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» Absorbed - The energy is given up to the object through electron or molecular reactions.

* Reflected - The energy is returned unchanged with the angle of incidence equal to the angle of reflec-
tion. Reflectance is the ratio of reflected energy to that incident on a body. The wavelength reflected (not
absorbed) determines the color of an object.

* Scattered - The direction of energy propagation is randomly changed. Rayleigh and Mie scatter are the two
most important types of scatter in the atmosphere.

¢ Emitted - Actually, the energy is first absorbed, then re-emitted, usually at longer wavelengths. The object
heats up.

4.1.3 Sensors

Sensors can be on board of airplanes or on board of satellites, measuring the electromagnetic radiation at specific
ranges (usually called bands). As a result, the measures are quantized and converted into a digital image, where
each picture elements (i.e. pixel) has a discrete value in units of Digital Number (DN) (NASA, 2013). The
resulting images have different characteristics (resolutions) depending on the sensor. There are several kinds of
resolutions:

* Spatial resolution, usually measured in pixel size, ,,is the resolving power of an instrument needed for the
discrimination of features and is based on detector size, focal length, and sensor altitude” (NASA, 2013);
spatial resolution is also referred to as geometric resolution or IFOV;

* Spectral resolution, is the number and location in the electromagnetic spectrum (defined by two waveleng-
ths) of the spectral bands (NASA, 2013) in multispectral sensors, for each band corresponds an image;

* Radiometric resolution, usually measured in bits (binary digits), is the range of available brightness values,
which in the image correspond to the maximum range of DNs; for example an image with 8§ bit resolution
has 256 levels of brightness (Richards and Jia, 2006);

* For satellites sensors, there is also the temporal resolution, which is the time required for revisiting the
same area of the Earth (NASA, 2013).

4.1.4 Radiance and Reflectance

Sensors measure the radiance, which corresponds to the brightness in a given direction toward the sensor; it useful
to define also the reflectance as the ratio of reflected versus total power energy.

4.1.5 Spectral Signature

The spectral signature is the reflectance as a function of wavelength (see Figure Spectral Reflectance Curves of
Four Different Targets (strona 113)); each material has a unique signature, therefore it can be used for material
classification (NASA, 2013).

4.1.6 Land Cover

Land cover is the material at the ground, such as soil, vegetation, water, asphalt, etc. (Fisher and Unwin, 2005).
Depending on the sensor resolutions, the number and kind of land cover classes that can be identified in the image
can vary significantly.

4.2 Multispectral satellites

There are several satellites with different characteristics that acquire multispectral images of earth surface. The
following satellites are particularly useful for land cover monitoring because images are provided for free and can
be downloaded directly from SCP; data have been acquired for the past few decades and the archive is continously
growing with recent images.
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Wavelength (p.m)

Rys. 2: Spectral Reflectance Curves of Four Different Targets

(from NASA, 2013)
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Landsat is a set of multispectral satellites developed by the NASA (National Aeronautics and Space Administra-

tion of USA), since the early 1970’s.

Landsat images are very used for environmental research. The resolutions of Landsat 4 and Landsat 5 sensors
are reported in the following table (from http://landsat.usgs.gov/band_designations_landsat_satellites.php); also,

Landsat temporal resolution is 16 days (NASA, 2013).
Landsat 4 and Landsat 5 Bands

Landsat 4, Landsat 5 Bands | Wavelength [micrometers] | Resolution [meters]
Band 1 - Blue 0.45-0.52 30
Band 2 - Green 0.52-0.60 30
Band 3 - Red 0.63 - 0.69 30
Band 4 - Near Infrared (NIR) 0.76 - 0.90 30
Band 5 - SWIR 1.55-1.75 30
Band 6 - Thermal Infrared 10.40 - 12.50 120 (resampled to 30)
Band 7 - SWIR 2.08 - 2.35 30

Landsat 7 Bands
Landsat 7 Bands Wavelength [micrometers] | Resolution [meters]
Band 1 - Blue 0.45-0.52 30
Band 2 - Green 0.52 - 0.60 30
Band 3 - Red 0.63 - 0.69 30
Band 4 - Near Infrared (NIR) | 0.77 - 0.90 30
Band 5 - SWIR 1.57-1.75 30
Band 6 - Thermal Infrared 10.40 - 12.50 60 (resampled to 30)
Band 7 - SWIR 2.09 -2.35 30
Band 8 - Panchromatic 0.52-0.90 15

The resolutions of Landsat 7 sensor are reported in the following table (from http://landsat.usgs.gov/band_
designations_landsat_satellites.php); also, Landsat temporal resolution is 16 days (NASA, 2013).
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The resolutions of Landsat 8 sensor are reported in the following table (from http://landsat.usgs.gov/band_
designations_landsat_satellites.php); also, Landsat temporal resolution is 16 days (NASA, 2013).

Landsat 8 Bands
Landsat 8 Bands Wavelength [micrometers] | Resolution [meters]
Band 1 - Coastal aerosol 0.43-0.45 30
Band 2 - Blue 0.45-0.51 30
Band 3 - Green 0.53-0.59 30
Band 4 - Red 0.64 - 0.67 30
Band 5 - Near Infrared (NIR) 0.85-0.88 30
Band 6 - SWIR 1 1.57 - 1.65 30
Band 7 - SWIR 2 2.11-2.29 30
Band 8 - Panchromatic 0.50 - 0.68 15
Band 9 - Cirrus 1.36-1.38 30
Band 10 - Thermal Infrared (TIRS) 1 | 10.60 - 11.19 100 (resampled to 30)
Band 11 - Thermal Infrared (TIRS) 2 | 11.50 - 12.51 100 (resampled to 30)

A vast archive of images is freely available from the U.S. Geological Survey . For more information about how to
freely download Landsat images read this .

Images are identified with the paths and rows of the WRS (Worldwide Reference System for Landsat ).

4.2.2 Sentinel-2 Satellite

Sentinel-2 is a multispectral satellite developed by the European Space Agency (ESA) in the frame of Copernicus
land monitoring services. Sentinel-2 acquires 13 spectral bands with the spatial resolution of 10m, 20m and 60m
depending on the band, as illustrated in the following table (ESA, 2015).

Sentinel-2 Bands

Sentinel-2 Bands Central Wavelength [micrometers] | Resolution [meters]
Band 1 - Coastal aerosol 0.443 60
Band 2 - Blue 0.490 10
Band 3 - Green 0.560 10
Band 4 - Red 0.665 10
Band 5 - Vegetation Red Edge 0.705 20
Band 6 - Vegetation Red Edge 0.740 20
Band 7 - Vegetation Red Edge 0.783 20
Band 8 - NIR 0.842 10
Band 8A - Vegetation Red Edge | 0.865 20
Band 9 - Water vapour 0.945 60
Band 10 - SWIR - Cirrus 1.375 60
Band 11 - SWIR 1.610 20
Band 12 - SWIR 2.190 20

Sentinel-2 images are freely available from the ESA website https://scihub.copernicus.eu.

4.2.3 Sentinel-3 Satellite

Sentinel-3 is a satellite developed by the European Space Agency (ESA) in the frame of Copernicus land moni-
toring services. It carries several instruments, in particular the Ocean and Land Colour Instrument (OLCI) is a
push-broom imaging spectrometer acquiring 21 bands in the range 0.4-1.02 pum with a swath width of 1,270km
and 300m spatial resolution (ESA, 2013). The revisit time is about 2 days.

Sentinel-3 Bands
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Sentinel-3 Bands | Central Wavelength [micrometers]
Oal 0.400
Oa2 0.4125
0Oa3 0.4425
Oa4 0.490
Oa5 0.510
0Oab 0.560
Oa7 0.620
Oa8 0.665
0a9 0.67375
0al0 0.68125
Oall 0.70875
Oal2 0.75375
Oal3 0.76125
Oal4 0.764375
Oal5 0.7675
Oal6 0.77875
Oal7 0.865
Oal8 0.885
0Oal9 0.900
0a20 0.940
Oa2l 1.020

4.2.4 ASTER Satellite

The ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) satellite was launched in
1999 by a collaboration between the Japanese Ministry of International Trade and Industry (MITI) and the NASA.
ASTER has 14 bands whose spatial resolution varies with wavelength: 15m in the visible and near-infrared, 30m
in the short wave infrared, and 90m in the thermal infrared (USGS, 2015). ASTER bands are illustrated in the
following table (due to a sensor failure SWIR data acquired since April 1, 2008 is not available ). An additional
band 3B (backwardlooking near-infrared) provides stereo coverage.

ASTER Bands
ASTER Bands Wavelength [micrometers] | Resolution [meters]
Band 1 - Green 0.52-0.60 15
Band 2 - Red 0.63 - 0.69 15
Band 3N - Near Infrared (NIR) | 0.78 - 0.86 15
Band 4 - SWIR 1 1.60 - 1.70 30
Band 5 - SWIR 2 2.145-2.185 30
Band 6 - SWIR 3 2.185-2.225 30
Band 7 - SWIR 4 2.235-2.285 30
Band 8 - SWIR 5 2.295 - 2.365 30
Band 9 - SWIR 6 2.360 - 2.430 30
Band 10-TIR 1 8.125 - 8.475 90
Band 11 - TIR 2 8.475 - 8.825 90
Band 12 - TIR 3 8.925-9.275 90
Band 13 - TIR 4 10.25 - 10.95 90
Band 14 - TIR 5 10.95 - 11.65 90

4.2.5 MODIS Products

The MODIS (Moderate Resolution Imaging Spectroradiometer) is an instrument operating on the Terra and Aqua
satellites launched by NASA in 1999 and 2002 respectively. Its temporal resolutions allows for viewing the entire
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Earth surface every one to two days, with a swath width of 2,330km. Its sensors measure 36 spectral bands at
three spatial resolutions: 250m, 500m, and 1,000m (see https://Ipdaac.usgs.gov/dataset_discovery/modis).

Several products are available, such as surface reflectance and vegetation indices. In this manual we are con-
sidering the surface reflectance bands available at 250m and 500m spatial resolution (Vermote, Roger, & Ray,
2015).

MODIS Bands

MODIS Bands Wavelength [micrometers] | Resolution [meters]
Band I - Red 0.62 - 0.67 250 - 500

Band 2 - Near Infrared (NIR) | 0.841 - 0.876 250 - 500

Band 3 - Blue 0.459 - 0.479 500

Band 4 - Green 0.545 - 0.565 500

Band 5 - SWIR 1 1.230 - 1.250 500

Band 6 - SWIR 2 1.628 - 1.652 500

Band 7 - SWIR 3 2.105 - 2.155 500

The following products (Version 6, see https://Ipdaac.usgs.gov/dataset_discovery/modis/modis_products_table)
are available for download (Vermote, Roger, & Ray, 2015):

* MODO09GQ: daily reflectance at 250m spatial resolution from Terra MODIS;
* MYDO09GQ: daily reflectance at 250m spatial resolution from Aqua MODIS;
* MODO09GA: daily reflectance at 500m spatial resolution from Terra MODIS;
* MYDO09GA: daily reflectance at 500m spatial resolution from Aqua MODIS;

* MODO09QI: reflectance at 250m spatial resolution, which is a composite of MOD09GQ (each pixel contains
the best possible observation during an 8-day period);

* MYDO09QI: reflectance at 250m spatial resolution, which is a composite of MYD09GQ (each pixel contains
the best possible observation during an 8-day period);

* MODO09A1: reflectance at 250m spatial resolution, which is a composite of MODO9GA (each pixel contains
the best possible observation during an 8-day period);

* MYDO9A1: reflectance at 250m spatial resolution, which is a composite of MYDO9GA (each pixel contains
the best possible observation during an 8-day period);

4.3 Land Cover Classification

This chapter provides basic definitions about land cover classifications.

4.3.1 Supervised Classification

A semi-automatic classification (also supervised classification) is an image processing technique that allows
for the identification of materials in an image, according to their spectral signatures. There are several kinds of
classification algorithms, but the general purpose is to produce a thematic map of the land cover.

Image processing and GIS spatial analyses require specific software such as the Semi-Automatic Classification
Plugin for QGIS.

4.3.2 Color Composite

Often, a combination is created of three individual monochrome images, in which each is assigned a given color;
this is defined color composite and is useful for photo interpretation (NASA, 2013). Color composites are usually
expressed as:
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Rys. 3: A multispectral image processed to produce a land cover classification
(Landsat image provided by USGS)

.RGB=BrBgBb”
where:
¢ R stands for Red;
¢ G stands for Green;
* B stands for Blue;
¢ Bris the band number associated to the Red color;
* Bgis the band number associated to the Green color;
* Bb is the band number associated to the Blue color.

The following Figure Color composite of a Landsat 8 image (strona 118) shows a color composite ,,R GB =43
2” of a Landsat 8 image (for Landsat 7 the same color composite is R G B =3 2 1; for Sentinel-2isRGB =43
2) and a color composite ,,R G B =5 4 3” (for Landsat 7 the same color composite is R G B =4 3 2; for Sentinel-2
is R G B =84 3). The composite ,,R G B =5 4 3” is useful for the interpretation of the image because vegetation
pixels appear red (healthy vegetation reflects a large part of the incident light in the near-infrared wavelength,
resulting in higher reflectance values for band 5, thus higher values for the associated color red).

4.3.3 Training Areas

Usually, supervised classifications require the user to select one or more Regions of Interest (ROIs, also Training
Areas) for each land cover class identified in the image. ROIs are polygons drawn over homogeneous areas of the
image that overlay pixels belonging to the same land cover class.

Region Growing Algorithm

The Region Growing Algorithm allows to select pixels similar to a seed one, considering the spectral similarity
(i.e. spectral distance) of adjacent pixels. In SCP the Region Growing Algorithm is available for the training area
creation. The parameter distance is related to the similarity of pixel values (the lower the value, the more similar
are selected pixels) to the seed one (i.e. selected clicking on a pixel). An additional parameter is the maximum
width, which is the side length of a square, centred at the seed pixel, which inscribes the training area (if all the
pixels had the same value, the training area would be this square). The minimum size is used a constraint (for
every single band), selecting at least the pixels that are more similar to the seed one until the number of selected
pixels equals the minimum size.
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v, B

RGB = 432

RGB = 543

Rys. 4: Color composite of a Landsat 8 image
Data available from the U.S. Geological Survey

In figure Region growing example (strona 119) the central pixel is used as seed (image a) for the region growing
of one band (image b) with the parameter spectral distance = 0.1; similar pixels are selected to create the training
area (image c and image d).

4.3.4 Classes and Macroclasses

Land cover classes are identified with an arbitrary ID code (i.e. Identifier). SCP allows for the definition of
Macroclass ID (i.e. MC ID) and Class ID (i.e. C ID), which are the identification codes of land cover classes.
A Macroclass is a group of ROIs having different Class ID, which is useful when one needs to classify materials
that have different spectral signatures in the same land cover class. For instance, one can identify grass (e.g. ID
class = 1andMacroclass ID = 1)andtrees(e.g. ID class = 2andMacroclass ID = 1)as
vegetation class (e.g. Macroclass ID = 1 ). Multiple Class IDs can be assigned to the same Macroclass ID,
but the same Class ID cannot be assigned to multiple Macroclass IDs, as shown in the following table.

Example of Macroclasses

Macroclass name | Macroclass ID | Class name | Class ID
Vegetation 1 Grass 1
Vegetation 1 Trees 2
Built-up 2 Buildings 3
Built-up 2 Roads 4

Therefore, Classes are subsets of a Macroclass as illustrated in Figure Macroclass example (strona 119).

If the use of Macroclass is not required for the study purpose, then the same Macroclass ID can be defined for all
the ROIs (e.g. Macroclass ID = 1) and Macroclass values are ignored in the classification process.

4.3.5 Classification Algorithms

The spectral signatures (spectral characteristics) of reference land cover classes are calculated considering the
values of pixels under each ROI having the same Class ID (or Macroclass ID). Therefore, the classification algori-
thm classifies the whole image by comparing the spectral characteristics of each pixel to the spectral characteristics
of reference land cover classes. SCP implements the following classification algorithms.
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Rys. 6: Macroclass example

4.3. Land Cover Classification 119



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

Minimum Distance

Minimum Distance algorithm calculates the Euclidean distance d(x, y) between spectral signatures of image pixels
and training spectral signatures, according to the following equation:

where:

* z = spectral signature vector of an image pixel;

 y = spectral signature vector of a training area;

* n = number of image bands.
Therefore, the distance is calculated for every pixel in the image, assigning the class of the spectral signature that
is closer, according to the following discriminant function (adapted from Richards and Jia, 2006):

z € Cy = d(z,y) < d(z,y;)Vk # j

where:
e (', =land cover class k;
* y;, = spectral signature of class k;
* y; = spectral signature of class j.
It is possible to define a threshold 7; in order to exclude pixels below this value from the classification:
x € Cy <= dz,yr) <d(x,y;)Vk # j

and
d(l‘, yk) < Ti

Maximum Likelihood

Maximum Likelihood algorithm calculates the probability distributions for the classes, related to Bayes’ theorem,
estimating if a pixel belongs to a land cover class. In particular, the probability distributions for the classes are
assumed the of form of multivariate normal models (Richards & Jia, 2006). In order to use this algorithm, a
sufficient number of pixels is required for each training area allowing for the calculation of the covariance matrix.
The discriminant function, described by Richards and Jia (2006), is calculated for every pixel as:

1 1 _
91(@) =Inp(Ci) — 5 10 [Se] = 5 (0 — ) S @ = )

where:
¢ C} =land cover class k;
* z = spectral signature vector of a image pixel;
* p(Cy) = probability that the correct class is Cy;
* |3)| = determinant of the covariance matrix of the data in class Cy;
. Z,:l = inverse of the covariance matrix;
* yj, = spectral signature vector of class k.

Therefore:

z€Cy = gr(x) > gj(x)Vk #j
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ga(X)

X1 € ga(X)

Rys. 7: Maximum Likelihood example

In addition, it is possible to define a threshold to the discriminant function in order to exclude pixels below this
value from the classification. Considering a threshold 7T; the classification condition becomes:

z€Cy <= gi(z) > gj(x)Vk #j
and
gr(z) > T;

Maximum likelihood is one of the most common supervised classifications, however the classification process can
be slower than Minimum Distance (strona 120).

Spectral Angle Mapping

The Spectral Angle Mapping calculates the spectral angle between spectral signatures of image pixels and training
spectral signatures. The spectral angle 6 is defined as (Kruse et al., 1993):

9($,y) _ COS_1 ( - ZZ:1 Iiyin 1)
i @)+ (i v))?

Where:
* x = spectral signature vector of an image pixel;
* y = spectral signature vector of a training area;
e n =number of image bands.

Therefore a pixel belongs to the class having the lowest angle, that is:
v € = O(a,yp) < O(x,y;)Vk # j

where:
¢ C}, =land cover class k;
* yy = spectral signature of class k;

* y; = spectral signature of class j.
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Band 2

Band 1

Rys. 8: Spectral Angle Mapping example

In order to exclude pixels below this value from the classification it is possible to define a threshold 77:

reCy = O(x,yr) < O(x,y;)Vk #j
and
9(z7yk) < E

Spectral Angle Mapping is largely used, especially with hyperspectral data.

Parallelepiped Classification

Parallelepiped classification is an algorithm that considers a range of values for each band, forming a multidi-
mensional parallelepiped that defines a land cover class. A pixel is classified if the values thereof are inside a
parallelepiped. One of the major drawbacks is that pixels whose signatures lie in the overlapping area of two or
more parallelepipeds cannot be classified (Richards and Jia, 2006).

Land Cover Signature Classification

Land Cover Signature Classification is available in SCP (see Land Cover Signature Classification (strona 33)).
This classification allows for the definition of spectral thresholds for each training input signature (a minimum
value and a maximum value for each band). The thresholds of each training input signature define a spectral
region belonging to a certain land cover class.

Spectral signatures of image pixels are compared to the training spectral signatures; a pixel belongs to class X
if pixel spectral signature is completely contained in the spectral region defined by class X. In case of pixels
falling inside overlapping regions or outside any spectral region, it is possible to use additional classification
algorithms (i.e. Minimum Distance (strona 120), Maximum Likelihood (strona 120), Spectral Angle Mapping
(strona 121)) considering the spectral characteristics of the original input signature.

In the following image, a scheme illustrates the Land Cover Signature Classification for a simple case of two
spectral bands = and y. User defined spectral regions define three classes (g4, gy, and g.). Point p; belongs to
class g, and point ps belongs to class g,. However, point ps is inside the spectral regions of both classes g
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and g. (overlapping regions); in this case, point ps will be unclassified or classified according to an additional
classification algorithm. Point p, is outside any spectral region, therefore it will be unclassified or classified
according to an additional classification algorithm. Given that point p4 belongs to class g., the spectral region
thereof could be extended to include point py .

y

ge p1 € ga

pz € go

pP3 € go & p3 € ¢
pa unclassified

Rys. 9: Land cover signature classification

This is similar to Parallelepiped Classification (strona 122), with the exception that spectral regions are defined
by user, and can be assigned independently for the upper and lower bounds. One can imagine spectral regions as
the set of all the spectral signatures of pixels belonging to one class.

In figure Plot of spectral ranges (strona 124) the spectral ranges of three classes (9., g», and g.) are displayed; the
colored lines inside the ranges (i.e. semi-transparent area) represent the spectral signatures of pixels that defined
the upper and lower bounds of the respective ranges. Pixel p; (dotted line) belongs to class g, because the spectral
signature thereof is completely inside the range of class g (in the upper limit); pixel p, (dashed line) is unclassified
because the spectral signature does not fall completely inside any range; pixel p3 (dotted line) belongs to class g,.

It is worth noticing that these spectral thresholds can be applied to any spectral signature, regardless of spectral
characteristics thereof; this function can be very useful for separating similar spectral signatures that differ only
in one band, defining thresholds that include or exclude specific signatures. In fact, classes are correctly separated
if the spectral ranges thereof are not overlapping at least in one band. Of course, even if spectral regions are
overlapping, chances are that no pixel will fall inside the overlapping region and be misclassified; which is the
upper (or lower) bound of a range do not imply the existence, in the image, of any spectral signature having the
maximum (or minimum) range values for all the bands (for instance pixel p; of figure Plot of spectral ranges
(strona 124) could not exist).

One of the main benefit of the Land Cover Signature Classification is that it is possible to select pixels and and
include the signature thereof in a spectral range; therefore, the classification should be the direct representation of
the class expected for every spectral signature. This is very suitable for the classification of a single land cover
class (defined by specific spectral thresholds), and leave unclassified the rest of the image that is of no interest for
the purpose of the classification.
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Rys. 10: Plot of spectral ranges

Algorithm raster

An algorithm raster represents the ,,distance” (according to the definition of the classification algorithm) of an
image pixel to a specific spectral signature.

In general, an algorithm raster is produced for every spectral signature used as training input. The value of every
pixel is the result of the algorithm calculation for a specific spectral signature. Therefore, a pixel belongs to class
X if the value of the algorithm raster corresponding to class X is the lowest in case of Minimum Distance
(strona 120) or Spectral Angle Mapping (strona 121) (or highest in case of Maximum Likelihood (strona 120)).

Given a classification, a combination of algorithm rasters can be produced, in order to create a raster with the
lowest ,,distances” (i.e. pixels have the value of the algorithm raster corresponding to the class they belong in the
classification). Therefore, this raster can be useful to identify pixels that require the collection of more similar
spectral signatures (see Classification preview (strona 35)).

4.3.6 Spectral Distance
It is useful to evaluate the spectral distance (or separability) between training signatures or pixels, in order to

assess if different classes that are too similar could cause classification errors. The SCP implements the following
algorithms for assessing similarity of spectral signatures.

Jeffries-Matusita Distance

Jeffries-Matusita Distance calculates the separability of a pair of probability distributions. This can be particularly
meaningful for evaluating the results of Maximum Likelihood (strona 120) classifications.

124 Rozdzial 4. Brief Introduction to Remote Sensing



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

The Jeffries-Matusita Distance J,, is calculated as (Richards and Jia, 2006):
Joy=2(1—e"P)

where:

1 Yo+t 1 | B2t |
B=(r—qy)t 222" =Y — ln | 42 '
oo (257) y”?“(zmﬁzyﬁ

where:
 z = first spectral signature vector;
* y = second spectral signature vector;
e 3, = covariance matrix of sample x;
* ¥, = covariance matrix of sample y;

The Jeffries-Matusita Distance is asymptotic to 2 when signatures are completely different, and tends to O when
signatures are identical.

Spectral Angle

The Spectral Angle is the most appropriate for assessing the Spectral Angle Mapping (strona 121) algorithm. The
spectral angle 6 is defined as (Kruse et al., 1993):

n
O(x,y) = cos™ ! ( - Eifl Lili 1)
(i 2d)? = (il v7)?
Where:
* x = spectral signature vector of an image pixel;
* y = spectral signature vector of a training area;
¢ n =number of image bands.

Spectral angle goes from 0 when signatures are identical to 90 when signatures are completely different.

Euclidean Distance

The Euclidean Distance is particularly useful for the evaluating the result of Minimum Distance (strona 120)
classifications. In fact, the distance is defined as:

where:
 z = first spectral signature vector;
» y = second spectral signature vector;
* n = number of image bands.

The Euclidean Distance is 0 when signatures are identical and tends to increase according to the spectral distance
of signatures.
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Bray-Curtis Similarity

The Bray-Curtis Similarity is a statistic used for assessing the relationship between two samples (read this). It is
useful in general for assessing the similarity of spectral signatures, and Bray-Curtis Similarity S(x, y) is calculated
as:

Eﬁzl |(2i — i)l )
S(z,y —100—< =t - x 100
( ) Zi:l z; + Zi:l Yi

where:
* z = first spectral signature vector;
» y = second spectral signature vector;
* n = number of image bands.

The Bray-Curtis similarity is calculated as percentage and ranges from 0 when signatures are completely different
to 100 when spectral signatures are identical.

4.3.7 Classification Result

The result of the classification process is a raster (see an example of Landsat classification in Figure Landsat
classification (strona 126)), where pixel values correspond to class IDs and each color represent a land cover
class.

Rys. 11: Landsat classification
Data available from the U.S. Geological Survey

A certain amount of errors can occur in the land cover classification (i.e. pixels assigned to a wrong land cover
class), due to spectral similarity of classes, or wrong class definition during the ROI collection.

4.3.8 Accuracy Assessment

After the classification process, it is useful to assess the accuracy of land cover classification, in order to identify
and measure map errors. Usually, accuracy assessment is performed with the calculation of an error matrix,
which is a table that compares map information with reference data (i.e. ground truth data) for a number of
sample areas (Congalton and Green, 2009).

The following table is a scheme of error matrix, where k is the number of classes identified in the land cover
classification, and n is the total number of collected sample units. The items in the major diagonal (aii) are the
number of samples correctly identified, while the other items are classification error.

Scheme of Error Matrix
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Ground truth 1 | Ground truth 2 | ... | Ground truth k | Total
Class 1 ail a1 ce aik a1+
Class 2 asy ao ce a2k az4
Class k Qg1 a2 Ce Akk A+
Total 41 a42 cee | Gtk n

Therefore, it is possible to calculate the overall accuracy as the ratio between the number of samples that are
correctly classified (the sum of the major diagonal), and the total number of sample units n (Congalton and Green,
2009).

The overall accuracy (also expressed in percentage) is defined as:

k
0= Zaii/n
i=1

Ther user’s accuracy for each class is defined as the ratio (also expressed in percentage) between correct samples
and the row total:

Ui = aii/aiy
The commission error CE; = 1 — U; corresponds to pixels classified as class ¢ that actually belong to a different
class.

The producer’s accuracy for each class is calculated as the ratio (also expressed in percentage) between correct
samples and the column total:

P =ai;/a;
The omission error OF; = 1 — P; corresponds to pixels actually belonging to class ¢ that were classified errone-
ously as a different class.

User’s accuracy is It is recommended to calculate the area based error matrix (Olofsson, et al., 2014) where each
element represents the estimated area proportion of each class. This allows for estimating the unbiased user’s
accuracy and producer’s accuracy, the unbiased area of classes according to reference data, and the standard error
of area estimates.

For further information, the following documentation is freely available: Landsat 7 Science Data User’s Hand-
book, Remote Sensing Note , or Wikipedia.

4.4 Image processing

Remote sensing images can be processed in various ways in order to obtain classification, indices, or other derived
information that can be useful for land cover characterization.

4.4.1 Principal Component Analysis

Principal Component Analysis (PCA) is a method for reducing the dimensions of measured variables (bands) to
the principal components (JARS, 1993).

Th principal component transformation provides a new set of bands (principal components) having the following
characteristic: principal components are uncorrelated; each component has variance less than the previous com-
ponent. Therefore, this is an efficient method for extracting information and data compression (Ready and Wintz,
1973).

Given an image with N spectral bands, the principal components are obtained by matrix calculation (Ready and
Wintz, 1973; Richards and Jia, 2006):

Y =D'X
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where:
* Y = vector of principal components
¢ D = matrix of eigenvectors of the covariance matrix C, in X space
* t denotes vector transpose

And X is calculated as:
X=P-M
» P =vector of spectral values associated with each pixel

e M = vector of the mean associated with each band

Thus, the mean of X associated with each band is 0. D is formed by the eigenvectors (of the covariance matrix
C,) ordered as the eigenvalues from maximum to minimum, in order to have the maximum variance in the first
component. This way, the principal components are uncorrelated and each component has variance less than the
previous component(Ready and Wintz, 1973).

Usually the first two components contain more than the 90% of the variance. For example, the first principal
components can be displayed in a Color Composite (strona 116) for highlighting Land Cover (strona 112) classes,
or used as input for Supervised Classification (strona 116).

4.4.2 Pan-sharpening

Pan-sharpening is the combination of the spectral information of multispectral bands (MS), which have lower
spatial resolution (for Landsat bands, spatial resolution is 30m), with the spatial resolution of a panchromatic
band (PAN), which for Landsat 7 and 8 it is 15m. The result is a multispectral image with the spatial resolution
of the panchromatic band (e.g. 15m). In SCP, a Brovey Transform is applied, where the pan-sharpened values of
each multispectral band are calculated as (Johnson, Tateishi and Hoan, 2012):

MSpan = MS x PAN/I

where I is Intensity, which is a function of multispectral bands.

The following weights for I are defined, basing on several tests performed using the SCP. For Landsat 8, Intensity
is calculated as:

I =(0.42 * Blue 4+ 0.98 * Green + 0.6 * Red)/2
For Landsat 7, Intensity is calculated as:

I = (0.42 * Blue + 0.98 * Green + 0.6 x Red+ NIR)/3

4.4.3 Spectral Indices

Spectral indices are operations between spectral bands that are useful for extracting information such as vegetation
cover (JARS, 1993). One of the most popular spectral indices is the Normalized Difference Vegetation Index
(NDVI), defined as (JARS, 1993):

NDVI = (NIR — Red)/(NIR + Red)

NDVI values range from -1 to 1. Dense and healthy vegetation show higher values, while non-vegetated areas
show low NDVT values.

Another index is the Enhanced Vegetation Index (EVI) which attempts to account for atmospheric effects such
as path radiance calculating the difference between the blue and the red bands (Didan,et al., 2015). EVI is defined
as:

EVI = G(NIR — Red)/(NIR + CyRed — CyBlue + L)
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Rys. 12: Example of pan-sharpening of a Landsat 8 image. Left, original multispectral bands (30m); right,
pan-sharpened bands (15m)
Data available from the U.S. Geological Survey

where: G is a scaling factor, C'y and C5 are coefficients for the atmospheric effects, and L is a factor for accounting
the differential NIR and Red radiant transfer through the canopy. Typical coefficient values are: G = 2.5, L = 1,
C1 =6, Cy = 7.5 (Didan,et al., 2015).

4.4.4 Clustering

Clustering is the grouping of pixels based on spectral similarity (e.g. Euclidean Distance (strona 125) or Spectral
Angle (strona 125)) calculated for a multispectral image (Richards and Jia, 2006).

Clustering can be used for unsupervised classification or for the automatic selection of spectral signatures. It
is worth noticing that, while Supervised Classification (strona 116) produces a classification whith the classes
identified during the trainining process, the classes produced by clustering (i.e. clusters) have no definition and
consequently the user must assign a land cover label to each class.

The main advantage of clustering resides in automation. Of course, clusters do not necessarily represent a parti-
cular land cover type and additional processing could be required for producing an accurate classification.

There are several types of clustering, mainly based on iterative methods; the following are the algorithms provided
in SCP.

K-means

The K-means method is based on the calculation of the average spectral signature of clusters (Wikipedia, 2017,
JARS, 1993).

At first, the user defines the number of clusters expected in the image, which correspond to as many spectral
signatures (i.e. seeds). Starting spectral signatures can be selected in various ways (e.g. randomly, provided by
the user, calculated automatically from image values).

During the first iteration clusters are produced calculating the pixel spectral distance with initial spectral signa-
tures. The algorithms Euclidean Distance (strona 125) or Spectral Angle (strona 125) can be used for distance
calculation. Pixels are assigned according to the most similar spectral signature, therefore producing clusters.

Then, the average spectral signature is calculated for each cluster of pixels, resulting in the spectral signatures that
will be used in the following iteration.
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This process continues iteratively producing clusters and mean spectral signatures, until one of the following
condition is verified:

* the spectral distance between the spectral signatures produced in this iteration with the corresponding ones
produced in the previous iteration is lower than a certain threshold;

¢ the maximum number of iterations is reached.

After the last iteration, a raster of clusters is produced using the spectral signatures derived from the last iteration.

ISODATA

The ISODATA (Iterative Self-Organizing Data Analysis Technique) method is similar to K-means but with the
additional steps of merging clusters having similar spectral signatures and splitting clusters having too high vara-
bility (i.e. standard deviation) of spectral signatures (Ball & Hall, 1965). Following, the SCP implementation of
ISODATA is described.

At first, the user defines the number of clusters expected in the image, which correspond to as many spectral
signatures (i.e. seeds). Starting spectral signatures can be selected in various ways (e.g. randomly, provided by
the user, calculated automatically from image values). Initial parameteres provided by user are:

¢ (' = number of desired clusters

* Npin = minimum number of pixels for a cluster

* ¢, = maximum standard deviation threshold for splitting
* D, = distance threshold for merging

During the first iteration clusters are produced calculating the Euclidean Distance (strona 125) of pixels with
initial spectral signatures. Pixels are assigned according to the most similar spectral signature, therefore producing
clusters.

Therefore, the following parameters are calculated:
* N, = number of pixels of cluster ¢
* S, = average spectral signature of cluster ¢
« AVERAGEDIST; = average distance of cluster ¢ with the seed spectral signature
« AVERAGEDISTANCE = overall average distance of all clusters
* 0;; = standard deviation of cluster 7 in band j
* omax; = maximum standard deviation of cluster ¢ (i.e. max(o;;))
¢ k; = band where omax; occurred
e Sk; = value of S; at band k;
¢ P = number of clusters
Then, for each cluster i, if IV; < N,,,;. , then the cluster ¢ is discarded.
If P <= C then try to split clusters. For each cluster ¢:
e If omax; >0y :

- If (AVERAGEDIST; > AVERAGEDISTANCE) AND (N; > (2 * Nypin +2))) OR (C >2 *
P):

* create a new spectral signature S, = 5;

% in S; set the value Sk; = Sk; + omax;

*

in Sp41 set the value Sk, 1 = Sk; - omax;
* P=P+1

* start a new iteration
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If P> (2 * C) then try to merge clusters.

* For each combination zy of spectrals signatures calculate D, = Euclidean Distance (strona 125) of spectral
signatures S, and .S, .

e If the minimum D, is greater than D;:

S_{i} = (Ns * S_{i} + Nj * S_{jDI(N; + N;)
discard S_{j}

-P=P-1

start a new iteration

After the last iteration, a raster of clusters is produced using the spectral signatures derived from the last iteration.
The number of clusters can vary according to the processes of splitting and merging.

4.5 Image conversion to reflectance

This chapter provides information about the conversion to reflectance implemented in SCP.

4.5.1 Radiance at the Sensor’s Aperture

Radiance is the ,,flux of energy (primarily irradiant or incident energy) per solid angle leaving a unit surface area
in a given direction”, ,,Radiance is what is measured at the sensor and is somewhat dependent on reflectance”
(NASA, 2011, p. 47).

Images such as Landsat or Sentinel-2 are composed of several bands and a metadata file which contains informa-
tion required for the conversion to reflectance.

Landsat images are provided in radiance, scaled prior to output. for Landsat images Spectral Radiance at the
sensor’s aperture (L), measured in [watts/(meter squared * ster * um)]) is given by (https://landsat.usgs.gov/
Landsat8_Using_Product.php):

Ly =My *Qca + AL

where:

e M; = Band-specific multiplicative rescaling factor from Landsat metadata (RA-
DIANCE_MULT_BAND_x, where x is the band number)

* Aj =Band-specific additive rescaling factor from Landsat metadata (RADIANCE_ADD_BAND_x, where
X is the band number)

* @Q.q = Quantized and calibrated standard product pixel values (DN)

Sentinel-2 images (Level-1C) are already provided in Top Of Atmosphere (TOA) Reflectance (strona 131), scaled
prior to output (ESA, 2015).

4.5.2 Top Of Atmosphere (TOA) Reflectance

Images in radiance can be converted to Top Of Atmosphere (TOA) Reflectance (combined surface and atmospheric
reflectance) in order to reduce the in between-scene variability through a normalization for solar irradiance. This
TOA reflectance (p,), which is the unitless ratio of reflected versus total power energy (NASA, 2011), is calculated
by:

pp = (7% Ly % d*)/(ESUN) * cosf)

where:

» L, = Spectral radiance at the sensor’s aperture (at-satellite radiance)
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* d = Earth-Sun distance in astronomical units (provided with Landsat 8 metadata file, and an excel file is
available from http://landsathandbook.gsfc.nasa.gov/excel_docs/d.xls)

e ESUN, = Mean solar exo-atmospheric irradiances
* 05 = Solar zenith angle in degrees, which is equal to 6, = 90° - 0, where 6, is the Sun elevation

It is worth pointing out that Landsat 8 images are provided with band-specific rescaling factors that allow for the
direct conversion from DN to TOA reflectance.

Sentinel-2 images are already provided in scaled TOA reflectance, which can be converted to TOA reflectance
with a simple calculation using the Quantification Value provided in the metadata (see https://sentinel.esa.int/
documents/247904/349490/S2_MSI_Product_Specification.pdf).

Sentinel-3 images are already provided in scaled TOA radiance. Conversion to reflectance is performed applying
the coefficients scale_factor and add_offset provided in the metadata of each band. The ancillary raster
tie_geometries.nc provides the value of sun zenith angle and the ancillary raster instrument_data
provides information about the solar flux for each band, which are used for the conversion to reflectance with
the correction for sun angle. In addition, the georeferencing of the bands is performed using the ancillary raster
geo_coordinates.nc which provides coordinates of every pixel.

4.5.3 Surface Reflectance
The effects of the atmosphere (i.e. a disturbance on the reflectance that varies with the wavelength) should be
considered in order to measure the reflectance at the ground.

As described by Moran et al. (1992), the land surface reflectance (p) is:
p=[m*(Lx— L) xd?*|/[T, x (ESUN * cosfs * T..) + Egown)]

where:
* L, is the path radiance
T, is the atmospheric transmittance in the viewing direction
T, is the atmospheric transmittance in the illumination direction
* Eiown 1s the downwelling diffuse irradiance

Therefore, we need several atmospheric measurements in order to calculate p (physically-based corrections).
Alternatively, it is possible to use image-based techniques for the calculation of these parameters, without in-situ
measurements during image acquisition. It is worth mentioning that Landsat Surface Reflectance High Level
Data Products for Landsat 8 are available (for more information read http://landsat.usgs.gov/CDR_LSR.php).

4.5.4 DOS1 Correction

The Dark Object Subtraction (DOS) is a family of image-based atmospheric corrections. Chavez (1996) explains
that ,,the basic assumption is that within the image some pixels are in complete shadow and their radiances received
at the satellite are due to atmospheric scattering (path radiance). This assumption is combined with the fact that
very few targets on the Earth’s surface are absolute black, so an assumed one-percent minimum reflectance is
better than zero percent”. It is worth pointing out that the accuracy of image-based techniques is generally lower
than physically-based corrections, but they are very useful when no atmospheric measurements are available as
they can improve the estimation of land surface reflectance. The path radiance is given by (Sobrino, et al., 2004):

Lp = Lmin - LDOI%

where:

* Lin = ,radiance that corresponds to a digital count value for which the sum of all the pixels with digital
counts lower or equal to this value is equal to the 0.01% of all the pixels from the image considered”
(Sobrino, et al., 2004, p. 437), therefore the radiance obtained with that digital count value (D N,;y)
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* Lpo1y = radiance of Dark Object, assumed to have a reflectance value of 0.01

In particular for Landsat images:
LnLin = My * DNmin + AL

Sentinel-2 images are converted to radiance prior to DOS1 calculation.

The radiance of Dark Object is given by (Sobrino, et al., 2004):
Lpoig = 0.01 % [(ESUN) * cos8, * T.) + Egown] * Ty /(7 % d°)
Therefore the path radiance is:
L, = My, % DNyyin + Az — 0.01 % [(ESUNy, % cos0s * T,) + Egown) * T/ (7 % d?)

There are several DOS techniques (e.g. DOS1, DOS2, DOS3, DOS4), based on different assumption about 7,,
T, , and Ej,yy - The simplest technique is the DOS1, where the following assumptions are made (Moran et al.,

1992):
e T,=1
« T, =1
* Egown =0

Therefore the path radiance is:
L, = My, % DN,in + A — 0.01 x ESUN), * cosfl/(m + d?)
And the resulting land surface reflectance is given by:
p=[m*(Lx— L) *d?]/(ESUN) * cosf)

ESUN [W /(m2 * pum)] values for Landsat sensors are provided in the following table.
ESUN values for Landsat bands

Band| Landsat 1 | Landsat 2 | Landsat 3 | Landsat 4 | Landsat 5 | Landsat
MSS* MSS* MSS* T™M* T™M* ETM+**

1 1983 1983 1970

2 1795 1796 1842

3 1539 1536 1547

4 1823 1829 1839 1028 1031 1044

5 1559 1539 1555 219.8 220 225.7

6 1276 1268 1291

7 880.1 886.6 887.9 83.49 83.44 82.06

8 1369

* from Chander, Markham, & Helder (2009)
** from http://landsathandbook.gsfc.nasa.gov/data_prod/prog_sectl1_3.html

For Landsat 8, ESUN can be calculated as (from http://grass.osgeo.org/grass65/manuals/i.landsat.toar.html):
ESUN = (% d*) x RADIANCE_MAXIMUM/REFLECTANCE_MAXIMUM

where RADIANCE_MAXIMUM and REFLECTANCE_MAXIMUM are provided by image metadata.

ESUN [W /(m2 * um)] values for Sentinel-2 sensor (provided in image metadata) are illustrated in the following
table.

ESUN values for Sentinel-2 bands
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Band | Sentinel-2
1 1913.57
2 1941.63
3 1822.61
4 1512.79
5 1425.56
6 1288.32
7 1163.19
8 1036.39
8A 955.19
9 813.04
10 367.15
11 245.59
12 85.25

ESUN [W /(m2 * pm)] values for ASTER sensor are illustrated in the following table (from Finn, et al., 2012).
ESUN values for ASTER bands

Band | ASTER
1848
1549
1114
225.4
86.63
81.85
74.85
66.49
59.85

O 0 | | | | W —

An example of comparison of to TOA reflectance, DOS1 corrected reflectance and the Landsat Surface Reflectance
High Level Data Products (ground truth) is provided in Figure Spectral signatures of a built-up pixel (strona 134).

03
0.25
0.2

0.15 == TOA

e DOS1
0.1 Surface Reflectance

Value

0.05

0
0.4 0.6 0.8 1 1.2 1.4 16 1.8 2 2.2 24

Wavelength [pm]

Rys. 13: Spectral signatures of a built-up pixel
Comparison of TOA reflectance, DOS1 corrected reflectance and Landsat Surface
Reflectance High Level Data Products

4.6 Conversion to Temperature

This chapter provides the basic information about the conversion to At-Satellite Brightness Temperature imple-
mented in SCP and the estimation of Land Surface Temperature.
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4.6.1 Conversion to At-Satellite Brightness Temperature

For thermal bands, the conversion of DN to At-Satellite Brightness Temperature is given by (from https://landsat.
usgs.gov/Landsat8_Using_Product.php):

Tp = K3/In[(K1/Ly) + 1]

where:

¢ K7 = Band-specific thermal conversion constant (in watts/meter squared * ster * pm)

* K5 = Band-specific thermal conversion constant (in kelvin)
and L) is the Spectral Radiance at the sensor’s aperture, measured in watts/(meter squared * ster * um).
The K; and K> constants for Landsat sensors are provided in the following table.

Thermal Conversion Constants for Landsat

Constant | Landsat 4* | Landsat 5* | Landsat 7**
K 671.62 607.76 666.09
K> 1284.30 1260.56 1282.71

* from Chander & Markham (2003)
** from NASA (2011)
For Landsat 8, the K; and K> values are provided in the image metadata file.

K7 and K are calculated as (Jimenez-Munoz & Sobrino, 2010):
K1 =C /)\5

Ko =co/A
where (Mohr, Newell, & Taylor, 2015):
o ¢y = first radiation constant = 1.191 % 10~ 16Wm2sr—!
* ¢y = second radiation constant = 1.4388 * 10~ 2m K
Therefore, for ASTER bands K; and K are provided in the following table.

Thermal Conversion Constants for ASTER

Constant | Band 10 Band 11 Band 12 Band 13 Band 14
K, 3.024 % 103 | 2.460 % 103 | 1.909 * 103 | 8.900 * 10% | 6.464 * 102
K, 1.733 %« 10° | 1.663 « 10° | 1.581 % 10° | 1.357 % 10° | 1.273 % 103

4.6.2 Estimation of Land Surface Temperature

Several studies have described the estimation of Land Surface Temperature. Land Surface Temperature can be
calculated from At-Satellite Brightness Temperature 7'z as (Weng, et al. 2004):

T:TB/[1+ ()\*TB/CQ) *ln(e)}

where:
¢ )\ = wavelength of emitted radiance
s co=hx*c/s=14388x10"2mK
e h =Planck’s constant = 6.626 * 10734 J s

* s = Boltzmann constant = 1.38 « 1023 J/K
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* ¢ = velocity of light = 2.998 * 108 m/s

The values of \ for the thermal bands of Landsat and ASTER satellites can be calculated from the tables in Landsat
Satellites (strona 113) and ASTER Satellite (strona 115).

Several studies used NDVI for the estimation of land surface emissivity (Sobrino, et al., 2004); other studies used
a land cover classification for the definition of the land surface emissivity of each class (Weng, et al. 2004). For
instance, the emissivity (e) values of various land cover types are provided in the following table (from Mallick,
et al. 2012).

Emissivity values

Land surface | Emissivity e
Soil 0.928
Grass 0.982
Asphalt 0.942
Concrete 0.937
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Podreczniki podstawowe

The following are very basic tutorials for land cover classification using the Semi-Automatic Classification Plugin
(SCP). It is assumed that you have a basic knowledge of QGIS (you can find a guide to QGIS interface at this
page).

5.1 Tutorial 1

The following is a basic tutorial about the land cover classification using the Semi-Automatic Classification Plugin
(SCP). It is assumed that you have a basic knowledge of QGIS.

* Tutorial 1: Your First Land Cover Classification (strona 139)

— Download the Data (strona 140)

Clip the Data (strona 143)

Convert Data to Surface Reflectance (strona 146)

Define the Band set and create the Training Input File (strona 147)
Create the ROIs (strona 151)

Assess the Spectral Signatures (strona 161)

Create a Classification Preview (strona 167)

Create the Classification Output (strona 167)

5.1.1 Tutorial 1: Your First Land Cover Classification
This is a basic tutorial about the use of SCP for the classification of a multispectral image. It is recommended to
read the Brief Introduction to Remote Sensing (strona 109) before this tutorial.
The purpose of the classification is to identify the following land cover classes:
1. Water;
2. Built-up;
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3. Vegetation;
4. Bare soil.

The study area of this tutorial is Greenbelt (Maryland, USA) which is the site of NASA’s Goddard Space Flight
Center (the institution that will lead the development of the future Landsat 9 flight segment).

Following the video of this tutorial.

http://www.youtube.com/watch?v=fUZgYxgDjsk

Download the Data
We are going to download a Landsat Satellites (strona 113) image (data available from the U.S. Geological Survey)
and use the following bands:

1. Blue;

2. Green;

3. Red;

4. Near-Infrared;

5. Short Wavelength Infrared 1;

6. Short Wavelength Infrared 2.

TIP : In case you have a slow connection you can download an image subset from this archive
(about 5 MB, data available from the U.S. Geological Survey), unzip the downloaded file, and
skip to Convert Data to Surface Reflectance (strona 146).

Start QGIS and the SCP. Open the tab Download products (strona 51) clicking the button t in the Home
(strona 24), or in the Menu SCP (strona 21),

We are searching a specific image acquired on 16 April 2017 because it is cloud free. In Search parameters
(strona 53) enter the point coordinates:

* UL:-77/39
* LR:-76.9/38.9

TIP : In general it is possible to define the area coordinates clicking the button [+_, , then left
click in the map for the UL point and right click in the map for the LR point.

Select L8 OLI/TIRS from the Products ! and set:
e Date from: 2017-04-16
e t0: 2017-04-16

Now click the button Find @ and after a few seconds the image will be listed in the Product list (strona 54).
Click the item in the table to display a preview that is useful for assessing the quality of the image and the cloud
cover.

Now click the button Q to load the preview in the map.

We can also select the bands to be downloaded according to our purpose. In particular, select the tab Download
options (strona 55) and check only the Landsat bands (that will be used in this tutorial): 2, 3, 4, 5, 6, 7, and the
ancillary data.

For the purpose of this tutorial, uncheck the option i Preprocess images (you should usually leave this checked)
because we are going to preprocess the image in Convert Data to Surface Reflectance (strona 146). To start the
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Rys. 3: Image preview

image download, click the button RUN » and select a directory where bands are saved. The download could
last a few minutes according to your internet connection speed. The download progress is displayed in a bar.

TIP : The option L4 Only if preview in Layers allows for downloading only images in the result
table which are loaded as previews in the map. If this option is unchecked, all the products in the list
are downloaded.

After the download, all the bands are automatically loaded in the map.

Clip the Data

For for limiting the study area (and reducing the processing time) we can clip the image.

First, we need to define a Band set containing the bands to be clipped. Open the tab Band set (strona 37) clicking

r
the button i in the Menu SCP (strona 21) or the SCP dock (strona 23).

Click the button o to refresh the layer list, and select the bands: 2, 3, 4, 5, 6, and 7; then click + to add
selected rasters to the Band set 1.

In Preprocessing (strona 56) open the tab Clip multiple rasters (strona 65). We are going to clip the Band set 1
which contains Landsat bands.

Click the button |:+_- and select an area such as the following image (left click in the map for the UL point and
right click in the map for the LR point), or enter the following values:

* UL: 330015 /4324995
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Band set Multiband image list

Rys. 7: Clip area

Click the button RUN s and select a directory where clipped bands are saved. New files will be created with
the file name prefix defined in Output name prefix. When the process is completed, clipped rasters are loaded and
displayed.

Convert Data to Surface Reflectance

Conversion to reflectance (see Radiance and Reflectance (strona 112)) can be performed automatically. The
metadata file (a .txt file whose name contains MTL) downloaded with the images contains the required information
for the conversion. Read /mage conversion to reflectance (strona 131) for information about the Top Of Atmosphere
(TOA) Reflectance (strona 131) and Surface Reflectance (strona 132).

In order to convert bands to reflectance, open the Preprocessing (strona 56) clicking the button [-F in the Menu
SCP (strona 21) or the SCP dock (strona 23), and select the tab Landsat (strona 56).

Click the button Directory containing Landsat bands EI and select the directory of clipped Landsat bands. The
list of bands is automatically loaded in the table Metadata (strona 57).

Click the button Select MTL file |- and select the metadata file
LCO8_L1TP_015033_20170416_20170501_01_T1_MTL.txt from the directory of downloaded
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Rys. 8: Clipped bands

Landsat images. Metadata information is added to the table Metadata (strona 57).

In order to calculate Surface Reflectance (strona 132) we are going to apply the DOSI Correction (strona 132);

therefore, enable the option L. Apply DOS1 atmospheric correction.

TIP : In general, it is recommended to perform the DOS1 atmospheric correction for the entire image
(before clipping the image) in order to improve the calculation of parameters based on the image.

For the purpose of this tutorial, uncheck the option v Create Band set and use Band set tools because we are
going to define this in the following step Define the Band set and create the Training Input File (strona 147).

In order to start the conversion process, click the button RUN 3 and select the directory where converted
bands are saved.

After a few minutes, converted bands are loaded and displayed (file name beginning with RT_). If ¥ Play
sound when finished is checked in Classification process (strona 94) settings, a sound is played when the process
is finished.

We can remove all the bands loaded in QGIS layers except the ones whose name begin with RT_.

Define the Band set and create the Training Input File

Now we need to define the Band set which is the input image for SCP. Open the tab Band set (strona 37) clicking

r
the button i in the Menu SCP (strona 21) or the SCP dock (strona 23).

In Band set definition click the button — * to clear all the bands from active band set created during the previous
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Rys. 9: Landsat 8 conversion to reflectance
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Rys. 10: Converted Landsat 8 bands

steps.

Click the button o to refresh the layer list, and select all the converted bands; then click + to add selected
rasters to the Band set.

In the table Band set definition order the band names in ascending order (click bc to sort bands by name
automatically). Finally, select Landsat 8 OLI from the list Quick wavelength settings, in order to set automatically
the Center wavelength of each band and the Wavelength unit (required for spectral signature calculation).

We can display a Color Composite (strona 116) of bands: Near-Infrared, Red, and Green: in the Working toolbar
(strona 34), click the list RGB= and select the item 4-3-2 (corresponding to the band numbers in Band set
(strona 37)). You can see that image colors in the map change according to the selected bands, and vegetation is
highlighted in red (if the item 3-2-1 was selected, natural colors would be displayed).

TIP : If a Band set (strona 37) is defined, a temporary virtual raster (named Virtual Band Set
1) is created automatically, which allows for the display of Color Composite (strona 116). In order
to speed up the visualization, you can show only the virtual raster and hide all the layers in the QGIS
Layers.

Now we need to create the Training input (strona 24) in order to collect Training Areas (strona 117) (ROIs) and
calculate the Spectral Signature (strona 112) thereof (which are used in classification).

In the SCP dock (strona 23) select the tab Training input (strona 24) and click the button D to create the Training
input (define a name such as training. scp). The path of the file is displayed and a vector is added to QGIS
layers with the same name as the Training input (in order to prevent data loss, you should not edit this layer using
QGIS functions).
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Rys. 11: Definition of a band set
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Rys. 12: Color composite RGB=4-3-2

Create the ROIls

We are going to create ROIs defining the Classes and Macroclasses (strona 118). Each ROI is identified by a
Class ID (i.e. C ID), and each ROl is assigned to a land cover class through a Macroclass ID (i.e. MC ID).

Macroclasses are composed of several materials having different spectral signatures; in order to achieve good
classification results we should separate spectral signatures of different materials, even if belonging to the same
macroclass. Thus, we are going to create several ROIs for each macroclass (setting the same MC ID, but assigning
a different C ID to every ROI).

We are going to used the Macroclass IDs defined in the following table.

Macroclasses
Macroclass name Macroclass ID
Water 1
Built-up 2
Vegetation 3
Bare soil (low vegetation) | 4

ROISs can be created by manually drawing a polygon or with an automatic region growing algorithm.

Zoom in the map over the dark area in the upper right corner of the image which is a water body. In order to

create manually a ROI inside the dark area, click the button l in the Working toolbar (strona 34). Left click
on the map to define the ROI vertices and right click to define the last vertex closing the polygon. An orange
semi-transparent polygon is displayed over the image, which is a temporary polygon (i.e. it is not saved in the
Training input).
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Rys. 13: Definition of Training input in SCP
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TIP : You can draw temporary polygons (the previous one will be overridden) until the shape covers
the intended area.

Project Edit View [Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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Rys. 14: A temporary ROI created manually

If the shape of the temporary polygon is good we can save it to the Training input.

Open the Training input (strona 24) to define the Classes and Macroclasses (strona 118) . In the ROI Signature
list (strona 27) set MC ID =1 and MC Info = Water; also set C ID = 1 and C Info = Lake. Now click ﬁ to
save the ROI in the Training input.

After a few seconds, the ROl is listed in the ROI Signature list (strona 27) and the spectral signature is calculated

(because Lﬂ Signature was checked).

As you can see, the C ID in ROI Signature list (strona 27) is automatically increased by 1. Saved ROl is displayed
as a dark polygon in the map and the temporary ROI is removed. Also, in the ROI Signature list (strona 27) you
can notice that the Type is B, meaning that the ROI spectral signature was calculated and saved in the Training
input.

You can also see in the tab Macroclasses (strona 28) that the first macroclass has been added to the table Macroc-
lasses .

Now we are going to create a second ROI for the built-up class using the automatic region growing algorithm.
Zoom in the lower region of the image. In Working toolbar (strona 34) set the Dist value to 0.08 . Click the

button [_] in the Working toolbar (strona 34) and click over the purple area of the map. After a while the orange
semi-transparent polygon is displayed over the image.

TIP : Dist value should be set according to the range of pixel values; in general, increasing this value
creates larger ROIs.

In the ROI Signature list (strona 27) set MC ID =2 and MC Info = Built—up ; also set C ID = 2 (it should be
already set) and C Info = Buildings.
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Rys. 15: The ROI saved in the Training input
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Rys. 17: A temporary ROI created with the automatic region growing algorithm
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Again, the C ID in ROI Signature list (strona 27) is automatically increased by 1.

After clicking the button |:| in the Working toolbar (strona 34) you should notice that the cursor in the map
displays a value changing over the image. This is the NDVI value of the pixel beneath the cursor (NDVI is

displayed because the function |3:] Display is checked in Training input (strona 24)). The NDVI value can be
useful for identifying spectrally pure pixels, in fact vegetation has higher NDVI values than soil.

For instance, move the mouse over a vegetation area and left click to create a ROI when you see a local maximum
value. This way, the created ROI and the spectral signature thereof will be particularly representative of healthy
vegetation.

"E _L:

& ™

“

Rys. 19: NDVI value of vegetation pixel displayed in the map. Color composite RGB = 4-3-2

Create a ROI for the class Vegetation (red pixels in color composite RGB=4-3-2) and a ROI for the class
Bare soil (low vegetation) (green pixels in color composite RGB=4-3-2) following the same steps
described previously. The following images show a few examples of these classes identified in the map.
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Rys. 20: Vegetation. Color composite RGB = 4-3-2
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Rys. 21: Bare soil (low vegetation). Color composite RGB = 4-3-2
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Assess the Spectral Signatures

Spectral signatures are used by Classification Algorithms (strona 118) for labelling image pixels. Different mate-
rials may have similar spectral signatures (especially considering multispectral images) such as built-up and soil.
If spectral signatures used for classification are too similar, pixels could be misclassified because the algorithm is
unable to discriminate correctly those signatures. Thus, it is useful to assess the Spectral Distance (strona 124)
of signatures to find similar spectral signatures that must be removed. Of course the concept of distance vary
according to the algorithm used for classification.

One can simply assess spectral signature similarity by displaying a signature plot. In order to display the signature

plot, in the ROI Signature list (strona 27) highlight two or more spectral signatures (with click in the table), then

click the button % The Wykres sygnatur widmowych (strona 98) is displayed in a new window. Move and
zoom inside the Wykres (strona 100) to see if signatures are similar (i.e. very close). Double click the color in the
Lista sygnatur w wykresie (strona 98) to change the line color in the plot.

We can see in the following figure a signature plot of different materials.

G SCP: Spectral Signature Plot
Signature list
S idCIC MC Info ciD C Info apl: Min Bl Max B1 Min B2 Max B2 Min B3 Max B3 Min B4 Max B4 Min B5 Max B5 B
1| v |1 Water 1 Lake -0.01130... 0.01652... 0.01175... 0.02071... 0.04478... 0.05577...|0.03188... 0.08187... 0.01490... 0.06032... utomatl: thie
2 |2 Built-up 2 Buildings -0.03536... 0.15057... 0.05336... 0.15173... |0.09066... 0.22245... 0.16755... 0.32566... 0.16964... 0.32621...
3 ||v) |3 Vegetation 3 Trees .0.01363... 0.02526... 0.02890... 0.04739...|0.05442... 0.08119...|0.21036... 0.25746... 0.13718... |0.18072..| MinMax E] L
4 ||lv |4 Bare soil 4 Low vegetation ‘2... | 0.03434... 0.04291... 0.06008... 0.07571...|0.12618... 0.15958... 0.32108... 0.37076... 0.25017...0.29744...
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Rys. 22: Spectral plot

In the plot we can see the line of each signature (with the color defined in the RO! Signature list (strona 27)), and
the spectral range (minimum and maximum) of each band (i.e. the semi-transparent area colored like the signature
line). The larger is the semi-transparent area of a signature, the higher is the standard deviation, and therefore the
heterogeneity of pixels that composed that signature. Spectral similarity between spectral signatures is highlighted
in orange in the Lista sygnatur w wykresie (strona 98).

Additionally, we can calculate the spectral distances of signatures (for more information see Spectral Distance
(strona 124)). Highlight two or more spectral signatures with click in the table Lista sygnatur w wykresie

ry

(strona 98), then click the button +*.iz; distances will be calculated for each pair of signatures. Now open the
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tab Odlegtosci widmowe (strona 101); we can notice that similarity between signatures vary according to conside-
red algorithm.

E SCP: Spectral Signature Plot

>
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2 [lv)i2 Built-up 2 Buildings -0.03536... 0.15057... 0.05336... 0.15173... 0.09066... 0.22245... 0.16755... 0.32566... 0.16964... 0.32621...
3|+ |3 Vegetation 3 Trees -0.01363... 0.02526... 0.02890... 0.04739...|0.05442... 0.08119...|0.21036... 0.25746... 0.13718... |0.18072...
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Rys. 23: Spectral distances

For instance, two signatures can be very similar for Spectral Angle Mapping (strona 121) (very low Spectral Angle
(strona 125)), but quite distant for the Maximum Likelihood (strona 120) (Jeffries-Matusita Distance (strona 124)
value near 2). The similarity of signatures is affected by the similarity of materials (in relation to the number of
spectral bands available); also, the way we create ROIs influences the signatures.

Spectral signature values, standard deviation and other details such as the number of ROI pixels are displayed in
the Szczegoty sygnatury (strona 101).

We need to create several ROIs (i.e. spectral signatures) for each macroclass (repeating the steps in Create
the ROIs (strona 151)), assigning a unique C ID to each spectral signature, and assess the spectral distance thereof
in order to avoid the overlap of spectral signatures belonging to different macroclasses.

In the list RGB= of the Working toolbar (strona 34) type 3—4-6 (you can also use the tool RGB list (strona 40)).
Using this color composite, urban areas are purple and vegetation is green. You can notice that this color composite
RGB = 3-4-6 highlights roads more than natural color (RGB = 3-2-1).

The following examples display a few RGB color composites of Landsat images.
TIP : Change frequently the Color Composite (strona 116) in order to clearly identify the materials
at the ground; use the mouse wheel on the list RGB= of the Working toolbar (strona 34) for changing

the color composite rapidly; also use the buttons % and f&\ for better displaying the Input image
(i.e. image stretching).

It is worth mentioning that you can show or hide the temporary ROI clicking the button = ROI in Working
toolbar (strona 34).
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SCP: Spectral Signature Plot

Signature list
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Rys. 24: Spectral signature values
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Rys. 25: Color composite RGB = 3-4-6

RGB = 3-2-1 RGB = 4-3-2 RGB = 3-4-6

Rys. 26: Built-up ROI: large buildings
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RGB = 4-3-2 RGB = 3-4-6€

Rys. 27: Built-up ROI: road

RGB = 3-2-1 RGB = 4-3-2 RGB = 3-4-6

Rys. 28: Built-up ROI: buildings, narrow roads
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RGB = 4-3-2 RGB = 3-4-6€

Rys. 29: Vegetation ROI: deciduous trees

RGB = 3-2-1 RGB = 4-3-2 RGB = 3-4-6

Rys. 30: Vegetation ROI: riparian vegetation
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TIP : Install the plugin QuickMapServices in QGIS, and add a map (e.g. OpenStreetMap) in order to
facilitate the identification of ROIs using high resolution data.

Create a Classification Preview

The classification process is based on collected ROIs (and spectral signatures thereof). It is useful to create a
Classification preview (strona 35) in order to assess the results (influenced by spectral signatures) before the final
classification. In case the results are not good, we can collect more ROIs to better classify land cover.

Before running a classification (or a preview), set the color of land cover classes that will be displayed in the
classification raster. In the ROI Signature list (strona 27), double click the color (in the column Color) of each
ROI to choose a representative color of each class.

Also, we need to set the color for macroclasses in table Macroclasses (strona 28).

Now we need to select the classification algorithm. In this tutorial we are going to use the Maximum Likelihood
(strona 120).

Open the Classification (strona 31) to set the use of classes or macroclasses. Check Use L C ID and in Algorithm
(strona 31) select the Maximum Likelihood.

In Classification preview (strona 35) set Size = 300; click the button j- J and then left click a point of the image in
the map. The classification process should be rapid, and the result is a classified square centered in clicked point.

Previews are temporary rasters (deleted after QGIS is closed) placed in a group named Class_temp_group in
. %

the QGIS panel Layers. Now in Classification (strona 31) check Use £ MC ID and click the button in

Classification preview (strona 35).

We can see that now there are only 4 colors representing the macroclasses.

TIP : When loading a previously saved QGIS project, a message could ask to handle missing layers,
which are temporary layers that SCP creates during each session and are deleted afterwards; you can
click Cancel and ignore these layers; also, you can delete these temporary layers clicking the button

‘ in Working toolbar (strona 34).

In general, it is good to perform a classification preview every time a ROI (or a spectral signature) is added to
the ROI Signature list (strona 27). Therefore, the phases Create the ROIs (strona 151) and Create a Classification
Preview (strona 167) should be iterative and concurrent processes.

Create the Classification Output

Assuming that the results of classification previews were good (i.e. pixels are assigned to the correct class defined
in the ROI Signature list (strona 27)), we can perform the actual land cover classification of the whole image.

In Classification (strona 31) check Use . MC ID. In the Classification output (strona 33) click the button &

and define the path of the classification output, which is a raster file (.tif). If L4 Play sound when finished is
checked in Classification process (strona 94) settings, a sound is played when the process is finished.

Well done! You have just performed your first land cover classification.

However, you can see that there are several classification errors, because the number of ROIs (spectral signatures)
is insufficient.

We can improve the classification using some of the tools that will be described in other tutorials.
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Rys. 36: Result of the land cover classification

Classification RGB = 3-2-1

Rys. 37: Example of error: Water bodies classified as Built-up
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Classification RGB = 3-2-1

Rys. 38: Example of error: Built-up classified as vegetation

5.2 Tutorial 2

The following is a tutorial about the functions of the Semi-Automatic Classification Plugin (SCP). It is assumed
that you have a basic knowledge of QGIS.

e Tutorial 2: Cloud Masking, Image Mosaic, and Land Cover Change Location (strona 173)
— Download the Data (strona 175)
— Create the cloud cover mask (strona 181)
— Mask clouds in the Sentinel-2 image (strona 182)

— Mosaic the Sentinel-2 images (strona 182)

— Land cover change (strona 185)

5.2.1 Tutorial 2: Cloud Masking, Image Mosaic, and Land Cover Change Loca-
tion

This tutorial is about the use of SCP for the assessment of land cover change of a multispectral image. It is
recommended to complete the Tutorial 1: Your First Land Cover Classification (strona 139) before this tutorial.

The purpose of this tutorial is to locate land cover change over one year (between 2017 and 2018), using free
Sentinel-2 images.

Following the video of this tutorial.

http://www.youtube.com/watch?v=xm9s97GPs0Y
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"

Rys. 39: Workflow
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Download the Data

We are going to download a Sentinel-2 Satellite (strona 114) image (Copernicus land monitoring services) and use
the bands illustrated in the following table.

Sentinel-2 Bands Central Wavelength [micrometers] | Resolution [meters]
Band 2 - Blue 0.490 10
Band 3 - Green 0.560 10
Band 4 - Red 0.665 10
Band 5 - Vegetation Red Edge 0.705 20
Band 6 - Vegetation Red Edge 0.740 20
Band 7 - Vegetation Red Edge 0.783 20
Band 8 - NIR 0.842 10
Band 8A - Vegetation Red Edge | 0.865 20
Band 11 - SWIR 1.610 20
Band 12 - SWIR 2.190 20

Start QGIS and the SCP . Open the tab Download products (strona 51) clicking the button & in the Home

(strona 24), or in the Menu SCP (strona 21). In the tab Download products (strona 51) click the button - to
display the OpenStreetMap tiles (© OpenStreetMap contributors) in the QGIS map, licensed as CC BY-SA (Tile
Usage Policy ).

In general it is possible to define the area coordinates clicking the button [+_- , then left click in the map for the
UL point and right click in the map for the LR point. In this tutorial the study area is Rome (Italy), therefore
click in the map to define the search area, or alternatively, enter these point coordinates in Search parameters
(strona 53):

e UL:124/419
e LR:12.5/41.8

The purpose of this tutorial is to map the land cover change between 2017 and 2018, therefore we need to download
at least two images. Because of cloud cover, we are going to download an additional image for 2016, which will
be used to replace pixels covered by clouds in the first image. We are searching for three images (tile 33TTG)
acquired on:

e 01 January 2017
* 10 February 2017
* 10 February 2018
Therefore, we need to perform three searches. Select Sentinel-2 from the Products . and set:
* Date from: 2017-01-01
* to: 2017-01-01

In this case, enter L1C_T33TTG in Filter to filter the results only for the tile 33TTG.

Now click the button Find @ and after a few seconds the image will be listed in the Product list (strona 54).
Click the item in the table to display a preview that is useful for assessing the quality of the image and the cloud
cover.

Repeat the date definition and the search also for the 2017-02-10 image. You can notice that there are a few clouds
over the area, therefore we are going to mosaic this image with the one acquired on 2017-01-01.

Finally, repeat the search for the 2018-02-10 image.

We can also select the bands to be downloaded according to our purpose. In particular, select the tab Download
options (strona 55) and check only the Sentinel-2 bands that will be used in this tutorial and the ancillary data.
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Rys. 40: Search products
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For the purpose of this tutorial, uncheck the option I&ﬂ Only if preview in Layers because we want to download
and preprocess all the images listed in the table.

Before starting the download we need to set the preprocessing options in the tab Sentinel-2 (strona 58) for prefor-

ming the DOSI Correction (strona 132). Check the options I&ﬂ Apply DOS1 atmospheric correction and I:f‘l
Add bands in a new Band set to automatically create a Band set for each image.

= Semi-Automatic Classification Plugin

Band set =
- , Landsat %, Sentinel-2 | ' Sentinel-3 | ﬁ ASTER | % MODIS | H Vector to raster | % Clip mu

=~ Basic tools

Sentinel-2 conversion

Download duct : o z
bl Directory containing Sentinel-2 bands ‘

Select metadata file (MTD_MSI) ‘

> Band processing

T +| Apply DOS1 atmospheric correction |« only to blue and green bands || Use NoData v
& Postprocessing o — =

|w | Create Band set and use Band set tools [ZI Add bands in a new Band set

Band calc
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%) Batch P ——
Satellite Product
2 Settings
Band ] Quantification value i Solar imradianc
[/ Aboi
About
[z User manual
{=} online help
Support the SCP
Run

Rys. 45: Preprocessing options

To start the image download, in the tab Download products (strona 51) click the button RUN s and select a
directory where bands are saved (a new directory will be created for each image). The download could last a few
minutes according to your internet connection speed. The download progress is displayed in a bar.

After the download, all the bands of all the Sentinel-2 images (© Copernicus Sentinel data 2018) are automatically
loaded in the map. We can also display the RGB color composite of the Band sets clicking the list RGB= in the
Working toolbar (strona 34), and selecting the item 3-2-1.

Create the cloud cover mask

Before the land cover change assessment, we need to remove cloud cover pixels in the image acquired on 2017-
02-10. Of course we could perform the same process for all the other images.

In QGIS, load the file MSK_CLOUDS_B0O.gml that should be inside the directory
L1C_T33TTG_A008556_20170210T100132_2017-02-10 . This vector file represents most of the
cloud cover in the image. In QGIS Layers Panel, left click the vector MSK_CLOUDS_B00O MaskFeature and
select Export > Save Feature as to save this gml file to shapefile (e.g. clouds. shp).

We can convert this vector file to raster using the tab Vector to raster (strona 64).
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Rys. 46: Download of Sentinel-2 bands

| |
Click the button 0 to refresh the layer list, and select the vector c1louds. Check the i Use constant value
to set the raster value 1 for clouds. Also, in Select the reference raster select the name of a band. This will create

a raster with the same size and aligned to the Sentinel-2 image. Finally click the button RUN s to create the
mask.

We could also improve the mask by manually editing the pixel of the raster using the tool Edit raster (strona 82)
or creating a semi-automatic classification of clouds.

Mask clouds in the Sentinel-2 image

We are going to mask all the pixels covered by clouds in all the bands composing the Band set of the image
acquired on 2017-02-10.

In the tab Cloud masking (strona 69), set the number of the 2017-02-10 Band set in Select input band set. In Select
the classification we select the mask created at the previous step. Enter 1 in Mask class values. Finally, uncheck

| |
L Use buffer of pixel size to speed up the masking process.

Now click the button RUN g to select the output directory and start the masking process.

Mosaic the Sentinel-2 images

We are going to mosaic the 2017 images in order to create a cloud free image to be used for land cover change.

182 Rozdziat 5. Podreczniki podstawowe



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

af Band set

=~ Basic tools

4 Download products

Preprocessing

> Band processing

Postprocessing

Band calc

Batch

Settings

About

e X e Eno

User manual

{2} Online help

Support the SCP

Semi-Automatic Classification Plugin

¥ Landsat | ", sentinel-2 | #® sentinel-3 | FL asteR | 24 MODIS [ Vector to raster

Jb Clip mu

Convert ve to raster

Select the vector clouds

| | Use the value field of the vector

|| Use constant value 1

Select the type of conversion lCenter of pixels

Select the reference raster RT_L1C_T33TTG_A004867_20180210T100847_BE02
Run
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Rys. 48: Mask clouds
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We use the image acquired on 2017-01-01 to fill the gaps in the 2017-02-10 image. In the tab Band set (strona 37),

add a new Band set with the button ﬁ and add the masked bands.

[ Semi-Automatic Classification Plugin
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Rys. 49: New Band set

Now we can mosaic the 2017 images.

In the tab Mosaic of band sets (strona 69), in the Band set list enter the number of the 2017-02-10 masked Band

set, followed by comma, followed by the number of the 2017-01-01 Band set. Now click the button RUN s
to select the output directory and start the masking process.

We could have used more than 2 Band sets. The process automatically mosaic the corresponding bands of the
input Band sets filling the NoData gaps of the first Band set with the pixels of the following Band sets. The
mosaic bands are automatically added to the map.

Land cover change

We are going to automatically locate the land cover change between the image mosaic of 2017 and the 2018 image.

SCP includes a tool that allows for calculating the spectral distance between every corresponding pixel of two
Band sets, and creating a raster of changes through a spectral distance threshold.

In the tab Band set (strona 37), add a new Band set with the button ﬁ and add the mosaic bands.

In the tab Spectral distance (strona 73), set the number of the 2017 mosaic Band set in Select first input band set,

and set the number of the 2018 Band set in Select second input band set. In Distance algorithm check the <
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Rys. 50: Mosaic Band sets
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Rys. 51: Mosaic of 2017 images

186 Rozdziat 5. Podreczniki podstawowe



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

“ Band set

Basic tools

Download products

Preprocessing

Band processing

Postprocessing

Band calc

Batch

Settings

About

WU X e Bav™ e/l

User manual

&

o
=
=
[}
=
=
]

Support the SCP

Semi-Automatic Classification Plugin

Multiband image list

Single band list

mask RT L1C T33TTG_AD08556 20170210T100132_B8A.tif

_RT L1C T33TTG A008556 20170210T100132 BO3
T L1C_T33TTG_A008556_20170210T100132 BO4

Band set5 [

Band set 1 @' Band set 2 @I Band set 3 @I Band set 4

Band name Center wavelength : Multiplicative Factor:

1 mosaic mask RT L1C T33TTG A008556 20170210T100132 BO2 |0.49 1 |0
2 mosaic_mask_RT_L1C_T33TTG_A008556_20170210T100132 B03  0.56 1 0
3 mosaic_mask RT L1C T33TTG_A008556 20170210T100132 B04 | 0.665 1 0
4 | mosaic_mask RT_L1C T33TTG_A008556_20170210T100132 BO5 |0.705 1 0
5 mosaic_mask_RT_L1C_T33TTG_AD08556_20170210T100132_B06 |0.74 1 0
6  mosaic_mask RT_L1C T33TTG_A008556_20170210T100132 BO7 | 0.783 1 0
7 mosaic_mask_RT_L1C_T33TTG_A008556_20170210T100132_B08 | 0.842 1 0
8 mosaic_mask_RT_L1C_T33TTG_A008556_20170210T100132 BBA  0.865 1 0
- — | AT L1/ TAAT T, AAAACC, ST TITANIATIAATSRD N d

o ) S

Quick wavelength settings Sentinel-2 [bands 2, 3, 4, 5, 6, 7. 8, 8A, 11, 12] v Wavelength unit  pm (1

Band set tools

| | Create virtual raster of band se L_J Create raster of band set (stac | | Build band overviews | | Band calc expressior

Rys. 52: New Band set
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Spectral Angle Mapping. Check the Ilf-‘l Distance threshold and set the value 10 that is the threshold used for
creating the raster of changes.

Now click the button RUN 3 to select the output directory and start the masking process.
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Rys. 53: Spectral distance

After a while, the spectral distance raster and the raster of changes are added to the map

This is an automatic method for locating land cover changes. We can see that most land cover changes are due to
crop variations.

For instance, this method could be useful to assess vegetation burnt area or forest logging. We could set a different
threshold value for increasing or reducing the number of pixels identified as changes.

Of course, in order to identify the type of land cover change we should identify the land cover classes of the
images through photo-interpretation or with semi-automatic classification.
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Rys. 54: Raster of changes
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ROzDzZIAL O

Advanced Tutorials

The following are advanced tutorials using the Semi-Automatic Classification Plugin (SCP). It is assumed that
you have already performed the Podreczniki podstawowe (strona 139).

6.1 Tutorial 3

The following is a tutorial about the functions of the Semi-Automatic Classification Plugin (SCP). It is assumed
that you have a basic knowledge of QGIS.

» Tutorial 3: Accuracy Assessment of a Land Cover Classification (strona 191)
— Sample Design (strona 192)

— Sample Collection and Photo-Intepretation (strona 194)

— Calculation of Accuracy Statistics (strona 200)

6.1.1 Tutorial 3: Accuracy Assessment of a Land Cover Classification

Accuracy assessment is a fundamental step after land cover classification in order to evaluate errors, globally and
for each class, and finally evaluate the reliability of the map.

This post is a tutorial about accuracy assessment of a land cover classification using the Semi-Automatic Classi-
fication Plugin (SCP) for QGIS. We are going to use the function of SCP to create ROIs using stratified random
points (a new function of SCP 6.4.0), which will be photo-interpreted and used as reference for the accuracy as-
sessment. The SCP tool Accuracy (strona 75) will take care of the rest, providing the error matrix and the accuracy
estimates.

The following is the video tutorial, and the following text illustrates the phases in detail.
http://www.youtube.com/watch?v=H1cLOyhlygg

Accuracy assessment is performed comparing a sample of points (ground truth) to the classification. There are
several ways to choose the sample size and the allocation thereof (sample scheme). The sample should be designed
in order to achieve low standard errors of accuracy estimates, and usually this is achieved by random selection of
samples.
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Sample design depends on several variables such as the proportions of land cover classes and the standard errors
that we expect for the overall land cover classification and single classes. In order to reduce standard errors of
class specific estimates, it is recommended to stratify the sample. For further details about how to determine the
sample size and the stratification, please refer to ,,Olofsson, et al., 2014. Good practices for estimating area and
assessing accuracy of land change. Remote Sensing of Environment, 148, 42 — 57”.

Sample Design

This tutorial assumes that you have already performed the classification of a Landsat image following the in-
structions of this previous Tutorial 1: Your First Land Cover Classification (strona 139). You can download the
classification raster from this archive .

The land cover classes are described in the following table.

Classes
Macroclass name Class ID
Water 1
Built-up 2
Vegetation 3
Bare soil (low vegetation) | 4

Basically, the main requirement is to provide an adequate number of samples for each class, even if the class area
proportion (W;) is low. The number of samples (/V) should be calculated as (Olofsson, et al., 2014):

C

N =) (Wi=S:)/S,)*

i=1
where:
* W, = mapped area proportion of class i;
e S, = standard deviation of stratum i;
* S, = expected standard deviation of overall accuracy;
¢ ¢ =total number of classes;

This requires some conjectures about overall accuracy and user’s accuracy of each class. We should base these
conjectures on previous studies. One can hypothesize that user’s accuracy is lower and standard deviations S; is
higher for classes having low area proportion, but of course these values should be carefully evaluated.

To get W; start QGIS and load the classification raster.

pr—
1122 Ll

Open the Menu SCP (strona 21) and click the tab 11125 Classification report (strona 77) under the submenu 28
Postprocessing . This tool allows for estimating class area and class percentage.

~

Click the button 0 to refresh the layer list, and select the classification raster in Select the classification >

; next click RUN s to start the calculation; the output report is saved in a text file and displayed in the tab
Output.

The report table contains the percentage of each class, which we divide by 100 to get the required I¥;. In this
tutorial we assume S, = 0.01 and conjecture the S; values reported in the following table (of course, these
assumptions are specific of this classification, other assumptions should be made for other classifications).

Conjectured standard deviations
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Land Cover Class | Area m? Wi S, | W, xS;
1 976,500 0.0033 | 0.4 | 0.0013
2 111,267,000 | 0.3713 | 0.3 | 0.1114
3 187,018,200 | 0.6240 | 0.2 | 0.1248
4 438,300 0.0015 | 0.5 | 0.0007
Total 0.2382

Therefore, N = (0.2382/0.01)% = 567 is the number of samples that we should distribute among classes.

To stratify the sample we should conjecture user’s accuracy and standard deviations of strata (Olofsson, et al.,
2014).

A rough approximation is considering the mean value between equal distribution (IV; = N/c) and weighted
distribution (N; = N *« W;), whichis N; = (N/c 4+ N = W;)/2 as illustrated in the following table.

Sample stratification

Land Cover Class | Weighted | Equal | Mean
1 2 142 72

2 210 142 176

3 354 142 248

4 1 142 71
Total 567

Sample Collection and Photo-Intepretation
This phase involves the creation of (randomly selected) single pixel Training Areas (strona 117) (ROIs), and the
attribution of a land cover class based on photo-interpretation of each ROL.

First, we need to define a Band set containing the classification raster that is an input required by the other tools
we are going to use.

r
Open the tab Band set (strona 37) clicking the button i in the Menu SCP (strona 21) or the SCP dock
(strona 23). Click the button 0 to refresh the layer list, and select the classification raster; then click +
to add selected raster to the Band set 1.

We need to create the Training input (strona 24) in order to collect ROIs that will be the actual samples.

In the SCP dock (strona 23) select the tab Training input (strona 24) and click the button D to create the
Training input (define a name such as sample. scp). The path of the file is displayed and a vector is added to
QGIS layers with the same name as the Training input (in order to prevent data loss, you should not edit this layer
using QGIS functions).

Now we are going to create the stratified random sample using the SCP tool Multiple ROI creation. This tool
allows for the random creation of point coordinates according to the sample scheme previously defined.

TIP : In case you have already collected samples you can import (using the button @) a shapefile
or a csv file containing the coordinates and the classification codes.

This tool works in two steps:
1. randomly select point coordinates defining ROI parameters;
2. actually create ROI polygons based on point coordinates;

During the first step, in addition to point coordinates, other fields are automatically filled in the table from the
parameters set in the Working toolbar (strona 34), such as the minimum and maximum ROI size. In this tutorial
we use single pixel ROIs, although cluster sampling (several pixels per ROI) is also used for accuracy assessment.
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To avoid manually editing these fields after the random point creation, in 7emporary ROI (strona 34) we need to
set the parameters Min = 1 and Max = 1. Created random samples will have the size of 1 pixel.

=
Now, open the Menu SCP (strona 21) and click the tab & Multiple ROI Creation (strona 43) under the submenu
.

E- Basic tools.

E Semi-Automatic Classification Plugin

#£ Band set

7= Basic tools

4 Download produ...

Bl ros st

Create random points

2 Algorithm band weight ﬁ Multiple ROI creation Ei Import signatures

m Export

{=} Online help

Support the SCP EN
Run

5 Number of points | 100 I,:.| inside grid | 10000 |$| min distance | 100 !_:. Create po

[ Preprocessing eSS S = R
< stratified for the values |raster =0 | of first band of band
£ Band processing
. Point coordinates and ROl definition
Postprocessing i i
: X Y MC ID MC Info CID C Info Min Max

Band calc
% Batch
# settings
[/ About
EE User manual

v Calculate sig

Rys. 4: Multiple ROI creation

To reduce the photo-intepretation time (considering the illustrative purpose of this tutorial and that the classifica-
tion is a subset of a Landsat image), we are going to divide the number of samples by 10 according to the following
table (of course, in real cases we must use all the samples as designed).

Number of stratified samples

Land Cover Class | Samples
1 7

2 18

3 25

4 7

Total 57

-=
In Number of points enter 7 that is the number of samples designed for class 1. In the tab & Multiple ROI

Creation (strona 43) check the option I:f‘l stratified for the values and enter the first expression raster == 1
(notice the double ,,="). This expression means that we are going to randomly select points that fall over pixels
having value 1 of the classification (that is the first band of the Band set 1).

?

Therefore click Create points to start the random creation. After a while point coordinates will be added to
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the table Point coordinates and ROI definition (strona 44).

E Semi-Automatic Classification Plugin

#f Band set

Nk roB st

z Algorithm band weight B Multiple ROI creation

= Basic tools
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= X Y MC ID MC Info CID C Info Min
. Band calc 1/344507.6... 4321073.... 1 MC 1 1 c1l 1 1 0.
h 2/ 347068.6... 4321917.... |1 MC 1 1 cl 1 1 0.
D Batc 3/344980.7... 4322985... 1 MC 1 1 c1 1 1 0.
x Settings 4/344189.8... 4320997.... 1 MC 1 1 Ccl al 1 0.
9 5/336351.3... 4318796.... |1 MC 1 1 cl 1 1 0.
[/ About 6|344568.5... 4324796.... 1 MC 1 1 =1 al 1 0.
7.346744.3... 4323259.... |1 MC 1 1 Ccl 1 1 0.
EE User manual
{3} online help

Support the SCP 1

Rys. 5: Samples for class 1

Now we repeat the above steps for class 2. In Number of points enter 18 and in stratified for the values enter

)

raster == 2. Click Create points and the samples will be added to the table.

Repeat the same steps for class 3 (25 points and raster == 3) and for class 4 (57 points and raster ==
4). Now that we have all the required samples we can create the ROIs (the single pixel polygons that will be
photo-interpreted).

Uncheck the option Lf-'l Calculate sig. because we don’t need the spectral signature of ROIs and click RUN

3 . After a while the ROIs will be added to the the Training input.

The type R means that, of course, spectral signatures were not calculated. All the created ROIs have the same
MC ID (i.e. macroclass ID) and C ID (i.e. class ID); now we can assign the correct class (MC ID) to each ROI
with photo-interpretation using images with resolution higher than the classification, or other services such as
OpenStreetMap).

In the ROI Signature list (strona 27), double click on the first ROI in order to zoom to the ROI; after photo-
interpreting the class we can assing the correct MC ID and C ID with a click on the corresponding field in the ROI
list.

Of course we need to perform the photo-interpretation of all the samples, assigning the correct code. The photo-
interpretation should be performed without considerding the classification raster. It is worth highlighting that
spatial resolution (i.e. 30m) implies mixed pixels (i.e. pixels made of multiple materials at ground); therefore,
during the photo-interpretation we must consider the most prevalent land cover in the ROI area.
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Rys. 7: A sample over a road photo-interpreted using a Copernicus Sentinel-2 image

Calculation of Accuracy Statistics

After the photo-interpretation of all the samples, we can perform the accuracy assessment by comparing the ROIs
to the classification. If you have skipped the previous step, you can download the photo-interpreted sample from
here .

The process will produce an an error raster (a .tif file showing the errors in the map, where pixel values
represent the combinations between the classification and reference identified by the ErrorMatrixCode in
the error matrix) and a text file (i.e. a .csv file separated by tab) containing the error matrix and the accuracy
statistics.

-
Open the Menu SCP (strona 21) and click the tab & Accuracy (strona 75) under the submenu . Postproces-
sing .

In Select the classification to assess — ! select the classification (click the button 0 if the raster isn’t
in the list).

In Select the reference vector or raster ! select the sample vector that is the Training input (strona 24), and
in Vector field > select MC__ID that is the vector field containing the class values.

Now we can click RUN s to start the raster processing.

After the calculation the accuracy statistics are displayed in the output interface and the error raster is loaded in
QGIS.

Several statistics are calculated such as overall accuracy, user’s accuracy, producer’s accuracy, and Kappa hat. In
particular, these statistics are calculated according to the area based error matrix (Olofsson, et al., 2014) where
each element represents the estimated area proportion of each class. This allows for estimating the unbiased user’s
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accuracy and producer’s accuracy, the unbiased area of classes according to reference data, and the standard error
of area estimates and the confidence intervals. Of course the standard errors are influenced by the low number of
samples that we have collected in this tutorial.

Area based error matrix

Reference
1 2 3 4
Classified | 1 0.0023 | O 0.0009 | O
2 0 0.3094 | 0.0619 | O
3 0 0.0998 | 0.5242 | 0
4 0 0 0.0004 | 0.0010
Total | 0.0023 | 0.4092 | 0.5874 | 0.0010

The overall accuracy is 83.7% that is a good result (above 80%). However, this classification was produced for the
first basic tutorial, therefore the classification could be improved. Also, note that we used a number of samples
lower than designed sample.

The user’s and producer’s accuracy are provided for each class.

Producer’s and user’s accuracy

1 2 3 4
Producer’s accuracy | 100.0 | 75.6 | 89.2 | 100.0
User’s accuracy 714 | 833 | 840 | 714

We can see that classes 1 and 4 (bare soil and water respectively) have low user’s accuracy, while class 2 (built-up)
has low producer’s accuracy. We also get the unbiased area estimates (in m?) and the confidence intervals.

Unbiased area estimates

1 2 3 4
Area 697,500 | 122,645,412 | 176,044,017 | 313,071
95% Confidence interval Area | 352,984 | 33,778,661 33,780,877 158,436

These estimates are quite different from the ones directly derived from the classification raster (in the classification
report), but are based on reference data. For instance, the class 2 (built-up) has an estimated area of 122,645,412
m?2, while it resulted 111,267,000 m?2 from the classification raster. Also, the confidence intervals provide infor-
mation about the uncertainty of these estimates.

6.2 Tutorial 4

The following is a tutorial about the functions of the Semi-Automatic Classification Plugin (SCP). It is assumed
that you have a basic knowledge of QGIS.

* Tutorial 4: Postprocessing tools for assessing land cover change (strona 203)

Refine the classifications with direct editing (strona 203)

Classification report (strona 206)

Reclassification (strona 206)

Remove isolated pixels (strona 209)

Assess land cover change (strona 210)

— Analyze the context of land cover changes (strona 212)
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— Assess the spectral signature of changes (strona 214)

— Export the changes to vector format (strona 217)

6.2.1 Tutorial 4: Postprocessing tools for assessing land cover change

This tutorial aims to analyze land cover change using SCP Postprocessing tools. Basically, we are going to assess
land cover change from two raster classifications, and relate the changes to a land use vector file. An overview of
several postprocessing tools is also provided.

The following is the video tutorial, and the following text illustrates the phases in detail.
http://www.youtube.com/watch?v=0IUosyr4pRw

The tools can be applied to any land cover classification, but we are going to use Copernicus data, which are
freely available (as established by the EU Regulation No 1159/2013 of 12 July 2013) and cover the European
countries. Of course, this tutorial is designed for demonstration purposes and it is not endorsed by the European
Union. The original Copernicus data (produced with funding by the European Union) are downloaded from
https://land.copernicus.eu/ and remain the sole property of the European Union.

Following, a brief description of the data we are going to use.

The Copernicus High Resolution Layers are raster classifications with 20m spatial resolution. Several land cover
classes are available, but in this tutorial we are going to use the Imperviousness Density for 2012 and 2015. These
data classify the degree of imperviousness (0-100% of impermeable cover of soil), which is the artificially sealed
area. The Imperviousness Density was produced using automatic derivation based on calibrated Normalized
Difference Vegetation Index. You can find the detailed product specifications here.

The Copernicus Corine Land Cover is a land use/land cover vector produced by standard methodology of photo-
interpretation of satellite images. The vector is classified in 44 classes divided in 3 hierarchical levels with mini-
mum mapping unit of 25 hectares. In this tutorial we are considering only the first level of Corine Land Cover
2012, divided in these classes:

1. artificial surfaces
agricultural areas
forests and semi-natural areas

wetlands

A

water bodies

Refine the classifications with direct editing

You can download the data for this tutorial from this archive , or use your own data (two classification rasters and
a land use vector).

For this tutorial, the original Copernicus data were modified by clipping the rasters to a small area over Florence
(Italy).

Start QGIS and load the two rasters IMD_2012.tif and IMD_2015.tif that are Copernicus Imperviousness
Density for 2012 and 2015 respectively. As you can see, the rasters have values from 0 to 100, representing the
degree of imperviousness.

It is useful to refine the classification by photo-interpretation, especially for data produced by semi-automatic
processing.

We can use high resolution images or other services such as OpenStreetMap. For example you can follow this
tutorial Download the Data (strona 140) to download satellite images, or you can download a subset of a Landsat
8 image, already converted to reflectance, from this link (about 27 MB, data available from the U.S. Geological
Survey), unzip the downloaded file, and load the bands in QGIS.

First, we need to define a Band set containing a classification raster (this is required for drawing ROIs).
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Open the tab Band set (strona 37) clicking the button g in the Menu SCP (strona 21) or the SCP dock

(strona 23). Click the button 0 to refresh the layer list, and select the IMD_ 2012 raster (just this raster is

+

sufficient); then click to add selected raster to the Band set 1.
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Rys. 10: Band set definition
Optionally, we can create a band set for the satellite image to display a color composite; open the tab Band set

(strona 37) and select all the Landsat bands in the list; click ﬁ to add a new band set, then click + to add
selected rasters to the Band set 2.

In QGIS zoom to an area where we want to correct the classification. In this case we are going to manually remove
a few pixels pretending they are classification errors.

We need to manually create a ROI, but first check that the Band set I is active. Now click the button l in
the Working toolbar (strona 34). Left click on the map to define the ROI vertices and right click to define the last
vertex closing the polygon. An orange semi-transparent polygon is displayed over the image, which is a temporary
polygon (in this case we don’t need to define the Training input).

.

Now open the tool Edit raster (strona 82) opening the Menu SCP (strona 21) and the submenu s
Postprocessing . Select the Input raster, for instance IMD_2012. According to the legend of Impervio-

usness Density, in E-‘I Use constant value enter 100 (we want to correct impervious pixels; in case we would like
to correct not impervious pixels we would enter the value 0). The other options are fine. Therefore, click RUN

3 to edit the raster.
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Attention: the input raster is directly edited; it is recommended to create a backup copy of the input
raster before using this tool in order to prevent data loss.

Project Edit Wiew Layer Settings Plugins Vector Raster Database Web SCP Processing Help
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Rys. 13: The raster modified

Of course we could repeat these steps to edit any area of the raster.

TIP : Sometimes changes are not immediately visibile because the raster is not refreshed; try to zoom
out and zoom in to refresh the view.

Classification report

It could be interesting to know the area of each land cover class. In order to get the area statistics, open
— .
1 |123

the Menu SCP (strona 21) and click the tab I [123 Classification report (strona 77) under the submenu e

Postprocessing.

Click the button o to refresh the layer list, and select the IMD_2012 raster in Select the classification >

; next click RUN s to start the calculation; the output report is saved in a text file and displayed in the tab
Output.

We can repeat the same steps for the IMD_ 2015 raster. Over the 86% of the area is not impervious.

Reclassification

Before calculating land cover change it is convenient to reclassify the imperviousness degree into two classes:
built-up and not built-up. A possible threshold for the distinction between built-up and not built-up is 30% (for
further information read this document ). We can reclassify the raster using the SCP tool, obtaining the simple
classification 1 = built-up and 0 = not built-up.
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Rys. 14: Report tool
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Rys. 15: The classification report
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Open the tool g Reclassification (strona 81). In Select the classification select the raster IMD_2012. Click the

button +

Reclassification table

twice to add two rows to the table. We need to enter the expressions illustrated in the following table.

Old value New value
raster < 30 0
raster >=30 | 1

Uncheck the options M-J Use code from Signature list and click RUN s to start the reclassification. A new
raster will be created (e.g. BU_2012).

@ Semi-Automatic Classification Plugin

"ﬂ Band set

(Classification report | - Cross classification & Class signature

§
H Classification to vector ﬁ Reclz
f~ Basic tools :

Reclassification

Select the classification |IMD_2012

£ Band processing -

| | v calculate C ID to MC 1D values Calculate ur
-+ Postprocessing )

i Download produ... :

: [c Preprocessing

ﬁ sl Old value New wvalue
Band calc

| [ 1 raster=30 o]

'S Batch | 2|raster==30 |1

2 settings

[/ About

. éE User manual

@ Online help

Symbology

Use code from Signature list | MC_ID

Support the SCP

Run

Rys. 16: Reclassification tool

Now select the IMD_2015 (the reclassification table is the same as before) and click RUN 3 to reclassify
the 2015 raster (e.g. BU_2015). Now the two reclassified rasters are loaded in the map and we can assing an
appropriate symbology.

Remove isolated pixels

We are going to compute the land cover change, but first we may want to remove isolated pixels in order to
improve the analysis. In fact, single pixels may not represent real changes between the two classifications, because
of geometrical shifts or isolated classification errors. Of course, this step is not always required, and it should be
avoided if the purpose of the analysis is to find also the smallest changes.

6.2. Tutorial 4 209



Semi-Automatic Classification Plugin Documentation, Wydanie 6.4.0.2

Project Edit Wiew Layer Settings Plugins Vector Raster Database Web SCP Processing Help
El [ h @ ) , @ . | e — <
) o (2 87 L fe e h o @ g @, @ ¥ X m-G [T

@ @ - ree = [EEETIEAN I WAR Dm 4 0010000 |:|[e0 [:|EM 100 |2 -' o |[*|@ 200
Layers @@ | pef- ." 2 = ‘K [ _f"’/
RN I Bl N g i o
» @ o -

0 i
H: .éf,f’
- V| ¥ BU_2012.tif i
o . Sk -
H: ’ i;

3 " - ol 4 R - o '.J:/
Virtual Band Set 2 :

<
e

.I

Layers | SCP Dock

Type to locate (Ctrl+K)

Rys. 17: Reclassified rasters

We are going to use classification sieve for removing single pixels. Open the tool ﬁ Classification sieve
(strona 84).

In Size threshold leave 2; all patches smaller the the selected number of pixels (i.e. single pixels) will be replaced
by the value of the largest neighbour patch. Of course we could increase this value if we want to remove larger
patches.

In Select the classification select the raster BU_2012. The option 4 in Pixel connection determines how pixels
are considered connected, that is in a 3x3 window diagonal pixels are not considered connected. If we select the
option & also diagonal pixels are considered connected.

Now click RUN 3 to create the new raster BU_2012_sieve.
Of course, we should repeat these steps also for raster BU_2015 to create the new raster BU_2015_sieve.
Assess land cover change

Now we can use the tool to assess land cover change between the two classifications 2012 and 2015. Open the

tool 2 Land cover change (strona 76).

This tool is quite straightforward. Click the button o to refresh the layer list. In Select the reference classifica-
tion select the BU_2012_sieve raster, that is the first classification. In Select the new classification select the
BU_2015_sieve raster, that is the latest classification.

Uncheck the option . Report unchanged pixels, because we want to report only the pixels where the classifi-
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Rys. 18: Tool classification sieve
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Rys. 19: The rasters after removing isolated pixels
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cation changed between 2012 and 2015. Now click RUN 3 to create the new land cover change raster (e.g.
change). Also, a text file is created (i.e. a file .csv separated by tab) containing the land cover change statistics.

E Semi-Automatic Classification Plugin

# Band set
n Land cover change

m Classification report | ! Cross classification

f~ Basic tools

* Class signature

4 Download produ... lput

[- Preprocessing
£ Band processing Select the reference classification | BU_2012_sieve tif

Select the new classification | BU_2015_sieve. tif

8 Band calc Report unchanged pixels

% Batch

2 settings

[/ About

[ User manual

{3} online help

Support the SCP

Run

Output

Rys. 20: Land cover change tool

The values of the land cover change raster represent a combination between reference and new classification, as
described in the text file. In this case, only the value 1 is present that is the condition where BU_2012_sieve =
0and BU_2015_sieve =1.

From the report we ca read that 520 pixels changed from 0 to 1, while no pixel changed from 1 to O between years
2012 and 2015.

Analyze the context of land cover changes

Now, it could be interesting to compare land cover change to other data such as land use, in order to analyze the
context of new built-up areas. We are going to cross the land cover changes to the vector of Corine Land Cover;
this way we can differentiate the new built-up areas according to Corine Land Cover classification system.

The original Corine Land Cover data were modified by clipping to a small area over Florence (Italy) and adding a
field Class_1 filled with the first level of classification.

Load in QGIS the Copernicus Corine Land Cover shapefile CLC_2012 . shp previously downloaded. You can
see the symbology of the first level Corine Land Cover classes that are:

1. artificial surfaces
2. agricultural areas
3. forests and semi-natural areas

4. wetlands
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Rys. 21: Land cover change raster
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Rys. 22: Land cover change report
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5. water bodies
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Rys. 23: A subset of Corine Land Cover

Open the tool BsE&& Cross classification (strona 78). Click the button o to refresh the layer list. In Select the
ol

. |
classification select the change raster, that is our land cover change. Check = Use NoData value and set the
value 0, in order to exclude unchanged pixels (having value O in the change raster) from the analysis.

In Select the reference vector or raster select the vector CLC_2012 and in Vector field select the field Class_1,
containing the code of first level classes.

Now click RUN s to create a new raster of comparison (e.g. change_CLC). The output will report the area
of each combination between change code and CL.C_2012 code.

From the cross matrix we can evaluate the area in m? of built-up changes occurrend in the 5 classes of Corine
Land Cover classification.

Cross matrix

CLC_2012
1 2 3 4 |5
Change \ 1 | 157600 | 48400 | 2000 | O | O

The tool Cross classification (strona 78) can be very useful also for other analyses that involve the comparison
with other data, such as population or flood risk, but this could be the subject of other tutorials.

Assess the spectral signature of changes

An optional step could be the assessment of the spectral signature of changes. We can download satellite images
(see Tutorial 1: Your First Land Cover Classification (strona 139) for the details) and calculate spectral signatures
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Rys. 24: Cross classification tool
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for monitoring the changes through time.

We are going to use the Landsat 8 image downloaded at the beginning of this tutorial for calculating the spectral
signature of changes. First, we need to create a Training input to store the spectral signatures calculated from the

classes. In the SCP dock (strona 23) select the tab Training input (strona 24) and click the button E to create
the Training input (define a name such as signatures. scp). The path of the file is displayed and a vector is
added to QGIS layers with the same name as the Training input (in order to prevent data loss, you should not edit
this layer using QGIS functions).

.

Now open the tool % Class signature (strona 79) opening the Menu SCP (strona 21) and the submenu 2N
Postprocessing . In Select the classification select the raster change_CLC, thus we can distinguish the
spectral signatures of changes. In Select input band set enter the number of the band set containing the Landsat 8

bands (i.e. 2). Now click RUN s to start the calculation.
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Rys. 25: The tool for extracting spectral signatures from classes

After a while the spectral signatures are loaded in the Training input.

If the changes involved vegetation, we could calculate spectral signatures for images acquired in different seasons
and assess the phenological variations of vegetation through spectral signatures. Also, these spectral signatures
could be used as training input for further land cover classifications.

In order to display the signature plot, in the ROI Signature list (strona 27) highlight two or more spectral signatures

(with click in the table), then click the button & The Wykres sygnatur widmowych (strona 98) is displayed in
a new window.
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Rys. 26: The calculated spectral signatures

Export the changes to vector format

This is an optional step that may be useful for further analyses and integration with other data. We are going to
convert the change raster to vector.

Open the tool E Classification to vector (strona 80). In Select the classification select the change_CLC

raster and uncheck the Lf-'l Use code from Signature list. Now click RUN s to create a new vector (e.g.
change_vector).

In the attribute table of this change_vector you can see the field C_ID that represents the code of the change
raster as described in Assess land cover change (strona 210). Of course we could delete the polygons with code 0
(unchanged area), displaying only changes with code 1.
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Rys. 27: Raster to vector tool
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Rys. 28: The vector of changes over the Landsat image
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Semi-Automatic OS

Do zaktualizowania

The Semi-Automatic OS is a lightweight virtual machine for the land cover classification of remote sensing ima-
ges. It includes the Semi-Automatic Classification Plugin (SCP) for QGIS, already configured along with all the
required dependencies.

2EeQ oa @en

Rys. 1: pulpit Semi-Automatic OS

The Semi-Automatic OS is based on Debian , and it is designed to require very little hardware resources. It
uses LXQT as main desktop environment. This virtual machine can be useful for testing the Semi-Automatic
Classification Plugin, or when the installation of the required programs in the host system is problematic.

The Semi-Automatic OS is available as 64 bit virtual machine that can be run in the open source VirtualBox, or
any other virtualization program. The following is a guide for the installation of the Semi-Automatic OS in the
open source program of virtualization VirtualBox.
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7.1 Instalacja w Virtualbox-ie.

staluj go; gdy akoniczysz instalacj¢ zrestartuj system;

Download the Semi-Automatic OS virtual machine from here ;

the open source extraction software from http://www.7-zip.org/);
. Uruchom VirtualBox i stwérz nowa VM Debiana;

1. Kliknij w przycisk Nowys;

2. WprowadZ nazwe wirtualnej maszyny (np. Semi-Automatic OS); wybierz Linux i Debian (32 Iub

64bit) jako typ i wersjg; naci$nij Dalej;

Pobierz VirtualBox oprogramowanie open source (wybierz wtasciwa wersj¢ zalezna od twojego OS) i zain-

. Extract the virtual machine content in a directory; the file is compressed in 7z format (if needed, download
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gospodarza (np. jesli system podstawowy ma 1 GB RAM, wpisz 512MB); naci$nij Dalej;
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4. W ustawieniach dysku twardego wybierz Uzywanie istniejacego pliku wirtualnego dysku i wskaz
SemiAutomaticOS.vmdk; naci$nij Utworz;

¥ Oracle VM VirtualBox Manager
File Machine Help

{3 TE D P

New Settings Start Disca =] Create Virtual Machine

Hard drive

2 Snapshots

al machines on your

: :
If you wish you can add a virtual hard drive to the new  |"2ver't created any virtual

machine. You can either create a new hard drive file or 3 ] . =
select one from the list or from another location using Ls the 55" > }

the folder icon. e top >
If you need a more complex storage set-up you can ¢

skip this step and make the changes to the machine or \.q A
settings once the machine is created. tion “-.\/

The recommended size of the hard drive is 10,00 GB.
' Do not add a virtual hard drive

| Create a virtual hard drive now

<Back | Create | Cancel

5. Uruchom Semi-Automatic OS naciskajac przycisk Start;

6. Warto zainstalowac¢ virtual-guest-utils w maszynie wirtualnej, z Menu -> Preferencje > Synaptic Package
Manager; pozwala to na lepsza integracje Semi-Automatic OS z systemem gospodarzem, np. zmiang roz-
miaru okna systemowego, albo wspdtdzielenie folderow

The Semi-Automatic OS includes a sample dataset of a Landsat image (available from the U.S. Geological Survey)
that is the input for the first basic tutorial of the user manual.
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Semi-Automatic OS is free software: vyou can redistribute it and/or modify
it under the terms of the GNU General Public License as published by the
Free Software Foundation, version 3 of the License. Semi-Automatic OS is
distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY;
without even the implied warranty of MERCHANTABILITY or FITNESS FOR A
PARTICULAR PURPOSE. See the GNU General Public License for more details.
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See http://www.gnu.org/licenses/.
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ROzDzZIAL 8

Najczesciej zadawane pytania

Jesli masz uwagi lub pytania do grupy na Facebook .

Zanim zapytasz, sprawdZ na oficjalnej stronie From GIS to Remote Sensing i w Najczgsciej Zadawanych Pyta-
niach (FAQ).

* [nstalacja wtyczki (strona 224)
— W jaki sposob mozna zainstalowac wtyczke recznie? (strona 224)
— W jaki sposob zainstalowac wtyczke 7z oficjalnego repozytorium SCP? (strona 224)

* Przygotowanie danych (strona 226)
— Ktore kanaty obrazowania powinny by¢ uzywane w klasyfikacji potautomatycznej? (strona 226)
— Ktore kanaty Landsata mogq by¢ skonwertowane do reflektancji przy pomocy SCP? (strona 227)
— Czy moge wykonac konwersje obrazow Sentinel-2 pobranych z sieci web? (strona 227)
— W jaki sposob sq przetwarzane obrazy Sentinel-2 ktore majq roing rozdzielczos¢? (strona 227)
— Czy moge wykonac konwersje sceny Landsat i korekcje DOS dla kanatow przycietych? (strona 227)
— Czy moge zastosowac korekcje DOS do pasm z czarng krawedziq (np. z NoData)? (strona 227)
— W jaki sposob usunqc pokrywe chmur z obrazow? (strona 227)

— Dlaczego po pan-sharpeningu sceny Landsat 8, kanaty NIR wciqz majq rozdzielczos¢ 30m?
(strona 227)

* Przetwarzanie (strona 228)

— Otrzymuje btedy klasyfikacji. W jaki sposob moge poprawic¢ doktadnosé? (strona 228)

Czy mozliwym jest uzywanie tego samego pliku treningowego dla wielu obrazow? (strona 228)

Jaka jest roznica miedzy klasq i makroklasq? (strona 228)

Czy moge uzy¢ SCP z obrazami z dronow lub zdjeciami lotniczymi? (strona 228)

— Dlaczego uzywaé tylko kanatu 10 Landsata 8 dla szacowania temperatury powierzchni?

(strona 228)

e Ostrzezenia (strona 228)
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— Warning [12]: The following signature will be excluded if using Maximum Likelihood. Dlaczego?
(strona 228)

* Biedy (strona 229)

— W jaki sposob moge zgtosic btad? (strona 229)

Problemy 7 tworzeniem wirtualnego rastra. Dlaczego? (strona 230)

Btad «Plugin is damaged. Python said: ascii». Dlaczego? (strona 230)

Error [50] «Internet error». Nie mozna pobrac obrazow Sentinel-2. Dlaczego? (strona 230)

Btaqd instalacji wtyczki, mozliwe braki w zaleznosciach. Dlaczego? (strona 230)
* Rozne (strona 231)
— Co wtasciwie moge zrobic przy pomocy SCP? (strona 231)

Wtasny wktad do SCP (strona 231)

Darmowe i cenne zasoby poswigcone teledetekcji i GIS (strona 232)

Zobacz rowniez poradniki na temat SCP, rowniez w jezykach innych niz Angielski. (strona 232)

W jaki sposob moge przettumaczyc ten podrecznik uzytkownika na inny jezyk? (strona 233)

Gdzie znajde kod Zrodtowy SCP? (strona 233)

W jaki sposob zainstalowaé QGIS przy uzyciu OSGEO4W? (strona 233)

8.1 Instalacja wtyczki

8.1.1 W jaki sposéb mozna zainstalowa¢ wtyczke recznie?

Wtyczka SCP moze by¢ zainstalowana recznie (moze to by¢ przydatne, gdy potaczenie internetowe jest niedo-
stepne, lub konieczna jest instalacja na wielu komputerach), w taki sposéb:

1. pobierz archiwum zip SCP z https://github.com/semiautomaticgit/SemiAutomaticClassificationPlugin/
archive/master.zip ;

2. rozpakuj zawarto$¢ archiwum (wiele plikéw takich jak COPYING.txt czy folderéw jak ui) do nowego
folderu SemiAutomaticClassificationPlugin (bez -master);

3. otwérz katalog plugins (w Windows typowo C: \Users\username\AppData\Roaming\QGIS\QGIS3\profile
w Linux and Mac typowo /home/username/.local/share/QGIS/QGIS3/profiles/
default/python/plugins) i usui katalog SemiAutomaticClassificationPlugin jesli
istnieje;

4. skopiuj katalog SemiAutomaticClassificationPlugin do wngtrza QGIS-owego katalogu ‘‘plu-
gins»«

5. wtyczka powinna by¢ gotowa; uruchom QGIS, otwérz Zarzadzanie Wtyczkami i upewnij si¢ ze
Semi-Automatic Classification Plugin jestzaznaczony.

8.1.2 W jaki sposob zainstalowa¢ wtyczke z oficjalnego repozytorium SCP?

Istnieje mozliwos¢ zainstalowania wtyczki SCP z oficjalnego repozytorium projektu. To repozytorium zawiera
najnowsza wersje (master), w niektérych przypadkach wczesniej niz jej dostgpno$é w repozytorium wtyczke
QGIS. To moze by¢ przydatne, gdy potrzebujesz uzyskaé dostgp do nowych funkcji lub naprawié btedy. Co
wigcej, wersja master moze by¢ zainstalowana réwnolegle do wersji stabilnej, dostgpnej w repozytorium QGIS.

W celu zainstalowania repozytorium SCP wykonaj nastgpujace kroki:

¢ Uruchom QGIS;
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* Z gtéwnego meny programu wybierz Wtyczki > Zarzadzanie wtyczkami

Project Edit View Layer Settings | Plugins | Vector Raster Help

= OR # Manage and Install Plugins... QL

. python Console

?’1
ar

ae-N-p e BEl=-O

* Wybierz Ustawienia a nastgpnie przycisk Doda j;

Plugins | Settings. YYeow

|__ Check for updates on startup.
every time QGIS starts ~)

Note:  this function s enabled. QGIS il nform you whenever & new plugin or plugin update is avaiable. Otherwise,
X 9 gocaudar,

* W Szczegdity repozytorium wprowadz:

Nazwa:

SCP

URL.:

https://semiautomaticgit.github.io/SemiAutomaticClassificationPlugin/repository.xml

i naci$nij OK;
'iﬂ. w Repository details @ @ @ @
MName _[sr:P |

| https:/fsemiautomaticgit. github.io/SemiAutomaticClassificationPlugin/repositonyxml

* Po ponowym wczytaniu repozytorium, pozycja Semi-Automatic Classification Plugin -
master powinna pojawi¢ na liscie wsrdd innych wtyczek;
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Plugins | All (530) & &
Search
— = =
W SaTsSvViz = . . rr . .
% core 2 Semi-Automatic Classification Plugin - master
e !
. Mot installed 2 Scipy Point Clustering
3 scp-plugin Plugin that allows for the supervised classification of remote sensing images, providing
" 0 o - " " 1
b pgradeab - tools for the do’ the and of i s.
3% Upgradeable 3 ScriptRunner prep g postp g of image:
Wi Search & format EPSG CRS Plugin| Developad by Luca Co the Semi-Automatic Classification Plugin (SCP) allows for the supervised
¥ ngedo, lugi
2 Select Within classification of remote sensing images, ing tools for the the p g and postp g of
3 calection Sets images, Search and download is available for Landsat and Sentinel-2 images Several algomhm are available for
= the land cover classification. This plugin lequlrea the installation of GDAL, OGR, Numpy, SciPy, and Matpletie. For
& SelectTools mare information please visit hitp:/ i Land Cover Supervised classification 1188
2 selenext EWMiA BSOS temEss Hﬂnéj’rﬂ sl Y ,.lM\ e Classificagiio da Cobertura do Solo
v Q Semi-Automatic r_|assmaw,n Pl Clasificacién de la Cobertura de la Tierra Classification de la Couverture du Sol xnaccudbiaxaiian
T o sennenansiosaqua Klassifizi g der Landbedeckung Classifi della Copertura del Susla.
i Send2GE 00 rating vote(s), 00 downloads
24 SENSUM Earth Observation Tools
24 SG Diagram Downloader Tags: raster,landsat,spectral si land cover,accuracy,supervised clip,remote
¥ Shapefile Encoding Fixer sensing,sentinel,mask,analysis landscape
2% shellDB Mare info iracker code reposiiory
' shortcut Manager Author: Luea Congedo
2% shp2D3
o shptoobs | Available version: 5.0.6 (in SCP)
¥ simpleReports H
|
o SimpleSvg 1
o SimpliPy
o sipamsar
W SLD4raster
o Slicer IL
2% sm P
8 smart aditing tools i~ | Upgrade all | Install plugin
LI Hep _© close |

e 7 zakladki Wszystkie, wybierz Semi-Automatic Classification Plugin - master i
przycisk Zainstaluj wtyczke; ostatnia, rozwojowa wersja SCP powinna automatycznie aktywowana
(zignoruj btedy, restart QGIS moze by¢ wymagany do zakorczenia instalacji); istnieje mozliwos¢ zdeakty-
wowania innej wersji SCP zainstalowanej w repozytorium QGIS;

7 Plugins | nstalled (24) Poow

%, a1 search

Coordinate Captura

v 08 Mansger
_ Tig Dwi2shp Converter
evis

BA

Semi-Automatic Classification Plugin - master

Plugin that allows for the
tools  the

remote sensing i i
images.

< o fTools
Gdallools Developed by Luca Congedo,
& DAL
ks ofimages U
— @ b 0GR, Nupy,ScPy, ard
2 i 6PS Tools: Maploti. Keyword
Heatmap classiicaton sl
-3 v

plugn
£ Metasearch Catalogue Client
@ offinecdting
& oracle Spatial Georaster
< @ Processing
v @ quickmapservices

00 rating voie(), 00 downloads

Raster Terrain Analysis plugin ; H‘ ier, Cls : s C‘ Am P lysis, Landsat, Sentinel,
pochal signatu, ip, Accurcy,Landscapa
Foad graph plugin et
semiutomatic lasstication I [IEE Do ey
ror L "
7 Spaial qury g
masen)
Avaiabl versin: 5.0 (n SCP)
S
s Zonal satistics plugin chargelog
s08 ~
Minor update v
|_upgrade ail | Uninstall pugin | |__einstal pugin
|8 He © close |

8.2 Przygotowanie danych

8.2.1 Ktére kanaty obrazowania powinny by¢ uzywane w klasyfikacji pétautoma-
tycznej?

Zasadniczo, preferowane jest pomijanie kanatow podczerwieni termicznej. Jesli uzywasz Landsata 4,5 lub 7,
wybierz kanaly: 1, 2, 3, 4, 5, 7 pomijajac kanat 6 to jest Thermal Infrared; dla Landsata 8 wybierz kanaty: 2, 3,
4,5, 6, 7. Kanat 1 Landsata 8 powinien by¢ pomijany poniewaz jest bardzo zblizony do kanatlu niebieskiego a
uzywany gtéwnie do poznawania aerozoli wybrzezy. Kanaly podczerwieni termicznej Landsata wytaczane sa z
klasyfikacji poniewaz ich wartoSci sa zwiazane gtéwnie z temperatura obiektu.

Dla Sentinel-2 mozna uzywaé nastgpujacych kanatéw: 2,3,4,5,6,7, 8, 8A, 11, 12.
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8.2.2 Ktére kanaly Landsata moga by¢ skonwertowane do reflektancji przy po-
mocy SCP?

Wszystkie obrazy Ladsat MSS 1,2 i 3, oraz Landsat 4, 5, 7 oraz 8 pobrane z http://earthexplorer.usgs.gov/ i
przygotowane przez Level 1 Product Generation System (LPGS) moga by¢ przeksztatcone do reflektancji auto-
matycznie przy pomocy SCP; produkty generowane przez LPGS maja dotaczony plik MTL ktéry jest konieczny
do konwersji

8.2.3 Czy moge wykonac¢ konwersje obrazéw Sentinel-2 pobranych z sieci web?

Tak, mozesz wykonaé konwersje sceny pobranej z internetu (doktadniej, taka konwersja jest zalecana). Musisz
umiesci¢ wszystkie kanaty (pliki .jp2) i jesli dostgpny, plik xml ktérego nazwa zawiera MDT__SAFL1C w jednym
katalogu. Wtedy wybierz ten katalog w Sentinel-2 conversion (strona 58). Obrazy zostang przeksztatcone do
reflektancji.

8.2.4 W jaki sposob sa przetwarzane obrazy Sentinel-2 ktére maja rézna roz-
dzielczos¢?

Podczas konwersji do reflektancji, piksele pasma 20m s dzielone na 4 piksele 10-metrowe, ktérych wartosci sa
identyczne jak piksela 20m. Celem tej operacji jest zapewnienie obliczeri pomigdzy wszystkimi kanatami, bez
zmiany oryginalnych wartosci.

8.2.5 Czy moge wykona¢ konwersje sceny Landsat i korekcje DOS dla kanatéw
przycietych?

Tak, mozesz przyciac obrazy przed konwersja do reflektancji i skopiowac¢ plik MTL (z katalogu sceny Landsat)
do katalogu z przycigtymi obrazami. Jesli chcesz wykonac korekcje DOS (ktdra jest operacja na obrazach),
musisz wykonaé konwersje oryginalnej sceny Ladsat (calej sceny) i potem przyciaé wynik konwersji (np. kanaly
przetworzone do reflektancji).

8.2.6 Czy moge zastosowac korekcje DOS do pasm z czarng krawedziag (np. z
NoData)?

Jesli cheesz zastosowaé korekcje DOS do catego kanatu ktéry posiada wartosci NoData (czarna obwddka z war-
toscia = 0), musisz zaznaczy¢ checkbox Uzyj wartosci NoData i ustawi¢ warto$¢ o. To wynika z tego ze
korekcja DOS jest technika operacji na obrazie, a wigc warto$ci NoData musza by¢ wytaczone z obliczen.

8.2.7 W jaki sposob usunac pokrywe chmur z obrazow?
Korekcja DOS1 nie usuwa chmur z obrazu. Ale, sceny Landsata 8 zawieraja kanatl 9 ktéry identyfikuje chmury
(zobacz to witryna NASA). Mozesz uzy¢ tego kanatu do stworzenia maski.

W przypadku innych satelitbw Landsat, chmury moga zosta¢é wymaskowane przy pomocy podejscia
opisanego w pracy <http://www.planning4adaptation.eu/Docs/papers/08_NWP-DoM_for_LCC_in_Dar_using_
Landsat_Imagery.pdf>‘_.

Zobacz réwniez ten wideo tutorial.

8.2.8 Dlaczego po pan-sharpeningu sceny Landsat 8, kanatly NIR wciaz maja
rozdzielczos¢ 30m?

Kanat panchromatyczny Landsat 8 nie zbiera danych w pasmie bliskiej podczerwieni (NIR, zobacz Landsat Sa-
tellites (strona 113)). Dlatego proces wyostrzania (pan-sharpeningu) nie moze poprawi¢ rozdzielczosci kanatow
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NIR i SWIR (zobacz Pan-sharpening (strona 128)), ktére maja rozdzielczo$¢ 30m. Jednak wszystkie rastry pan-
sharpen maja rozdzielczo$¢ 15m aby umozliwi¢ obliczenia na rastrze.

8.3 Przetwarzanie

8.3.1 Otrzymuje bledy klasyfikacji. W jaki spos6b moge poprawi¢ doktadnos¢?

Niektére materialy posiadaja podobne charakterystyki widmowe (np. gleba i zabudowa, czy las i inne typy ge-
stej, niskiej roslinnosci), ktére moga prowadzi¢ do btedéw klasyfikacji, jesli OT i ich charakterystyki widmowe
nie s zdefiniowane do$¢ dobrze. Aby polepszy¢ wyniki, sprébuj zebraé wigcej OT nad tymi obszarami, by
lepiej wytrenowaé algorytm, do rozpoznawania réznic pomigdzy tymi bardzo podobnymi obszarami, réwniez
wyswietl Wykres sygnatur widmowych (strona 98) aby ocenié ich podobieristwa. Mozesz uzy¢ zaktadki Signa-
ture_threshold_tab aby ograniczy¢ zmienno$¢ charakterystyki (tylko piksele najbardziej podobne do charaktery-
styki zostang sklasyfikowane). :ref:‘LCS_algorithm jest uzyteczny dla klasyfikacji gdy materialy sa widmowo
podobne do siebie.

8.3.2 Czy mozliwym jest uzywanie tego samego pliku treningowego dla wielu
obrazéw?

Tak, to jest mozliwe, jeSli wszystkie obrazy maja taka sama liczbe kanaléw. Jesli jednak sceny zostaty zarejestro-
wane w réznym okresie, pokrycie terenu si¢ zmienia (szczegdlnie stan wegetacji), co wptywa na charakterystyki
widmowe (w skrécie, te same piksele maja r6zne charakterystyki w réznych okresach). Zjawiska atmosferyczne
moga réznie wptywaé na obrazy. To wszystko moze zmniejszac jakos¢ i doktadnos¢ klasyfikacji. Dlatego zaleca
si¢ zbieranie OT i charakterystyk dla kazdego obrazu.

8.3.3 Jaka jest roznica miedzy klasg i makroklasa?

Zobacz w Classes and Macroclasses (strona 118).

8.3.4 Czy moge uzy¢ SCP z obrazami z dronéw lub zdjeciami lotniczymi?

Tak, mozesz, jeSli obrazy takie posiadaja conajmniej 4 kanaty. JeSli jest mniej niz 4 kanaly, algorytmy klasy-
fikacji pdétautomatycznej nie potrafia prawidlowo sklasyfikowaé pokrycia terenu. Istnieja alternatywne metody
klasyfikacji, jak np. klasyfikacja orientowana obiektowo, ktéra nie jest zaimplementowana w SCP.

8.3.5 Dlaczego uzywac tylko kanatu 10 Landsata 8 dla szacowania temperatury
powierzchni?

Opracowano kilka metod szacowania temperatury powierzchni. Metoda opisana w samouczku wymaga tylko
jednego kanatu. Co wigcej, USGS zaleca uzytkownikom danych zaniechanie korzystania z kanatu 11 Landsata 8
w analizie ilo§ciowej, danych Thermal Infrared Sensor (zobacz Zmiany w danych Thermal Infrared Sensor (TIRS)
by USGS).

8.4 Ostrzezenia

8.4.1 Warning [12]: The following signature will be excluded if using Maximum
Likelihood. Dlaczego?

Obszar treningowy jest zbyt matly lub zbyt jednorodny, dla algorytmu Maximum Likelihood (strona 120) poniewaz
OT ma pojedynicza macierz kowariancji. Uzyj wigkszego OT lub nie uzywaj algorytmu Maksymalnego Podobien-
stwa w procesie klasyfikacji.
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8.5 Bledy

8.5.1 W jaki sposéb moge zgtosi¢ btad?

Jesli znajdziesz btad w dziataniu wtyczki Semi-Automatic Classification, postepuj zgodnie z opisanymi krokami,
aby pozyskac konieczne informacje (log file):

1. zamknij QGIS jesli jest aktualnie otwarty;

2. uruchom QGIS, otw6érz zaktadke Debug (strona 97) wtyczki i oznacz checkbox I&ﬂ Rejestruj zdarzenia w
pliku dziennika ;

Semi-Automatic Classification Plugin e e Bl ES

#¢ Band set Processing
= Basic tools Interface

& Download products Debug

[ Preprocessing

%> Band processing | Record events in a Log file @ (=]

Postprocessing Date ; Function ] Mes

Band calc

% Batch

|§ About

[z User manual

{3} oOnline help

[ )] )< »
Test

Test dependencies @I

Support the SCP

Rys. 1: Debug

»

3. naciénij klawisz Testuj zaleznosci w zaktadce Debug (strona 97) ;

4. wezytaj dane w QGIS (albo otwérz wezesniej zapisany projekt QGIS) i powtorz wszystkie kroki ktére spowodowaly b

* Jedli usterka moze by¢ zwiazana z wykorzystywanym zbiorem danych, sprébuj uzy¢ zbioru
przyktadowego <https://docs.google.com/uc?id=0BysUrKXWIDwBc11IME4yRmpjMGcec&
export=download>‘_;

5. jesli komunikat btedu si¢ ukaze (tak jak ten na ponizszym obrazie), skopiuj calg tre§¢ wiadomosci do pliku
tekstowego;

6. otworz zaktadke Debug (strona 97) i odznacz checkbox Lf-‘l Rejestruj zdarzenia w pliku dziennika, nastep-
nie nacisnij przycisk E] i zapisz plik dziennika (jest to plik tekstowy zawierajacy informacje o procesach
realizowanych przez wtyczke);

7. otworz logfile i skopiuj cata zawartos¢ pliku;

8. dotacz na Facebook’u do grupy , utwérz nowy post i skopiuj komunikat btgdu oraz log file (albo zatacz je).
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7oL Python error

Bl
" N L o L et

Couldn't load plugin SemidutomaticClassificationPlugin due to an error when calling its A
classFactory() method

Traceback (most recent call last)

File "/usr/lib/python2.7/dist-packages/qgissutils.py", line 219, in startPlugit
plugins[packagename] = package.classFactory(iface)

File "/homesuser/.qgisz/python/plugins/sSemisutomaticClassificationPlugin/__ini
from semiautomaticclassificationplugin import SemisutomaticClassificationPlud

File "/usr/lib/python2.7/dist-packages/qgissutils.py", line 478, in _import
mod = _huiltin_import{name, globals, locals, fromlist, level)

File "/homesuser/.qgisz/python/plugins/semisutomaticClassificationPlugin/semial =
from ui.spectralsignaturedialog import SpectralSignaturebialog |

< ] 1< >

| € Close |

Rys. 2: Wiadomos¢ o bledzie

8.5.2 Problemy z tworzeniem wirtualnego rastra. Dlaczego?

Automatyczne tworzenie wirtualnego rastra po konwersji do reflektancji nie jest konieczne dla klasyfikacji. Btedy
moga si¢ zdarzy¢ gdy Sciezka zapisu zawiera znaki specjalne, (np. znaki narodowe) lub spacje; sprobuj zmienic¢
nazwe katalogu (np. zmiefi nazwg¢ nowy folder na nowy_folder). Jeslii to nie pomogto, mozesz sprobo-
waé utworzy¢ wirtualny raster recznie.

8.5.3 Btad «Plugin is damaged. Python said: ascii». Dlaczego?

To moze by¢ zwiazane z nieudang instalacja. Rozwaz prosze, odinstalowanie QGIS i jego ponowna instalacj¢ na
prawach administratora. Nastepnie uruchom QGIS i sprébuj zainstalowaé wtyczke postgpujac zgodnie z przewod-
nikiem /nstalacja wtyczki (strona 3)

Czgsto jest to spowodowane nazwa uzytkownika zawierajaca znaki specjalne. Sprébuj wykonad instalacje tworzac
nowego uzytkownika bez znakéw specjalnych (np. user).

8.5.4 Error [50] «Internet error». Nie mozna pobra¢ obrazéw Sentinel-2. Dla-
czego?

Komunikat btedu zawiera zazwyczaj podstawowe informacje o przyczynach. W pierwszej kolejnosci sprawdz
nazwe uzytkownika i hasto. Zazwyczaj aktywacja konta po rejestracji trwa do kilku dni, zanim mozliwe bedzie
korzystanie z pobierania danych poprzez SCP.

Mogta réwniez wystapi¢ przerwa w dziataniu ustugi. Dla Sentinel-2 sprawdz strong internetowa https://scihub.
copernicus.eu/news/ dla informacji o stanie ustugi.

W przypadku gdy wciaz otrzymujesz ten sam blad, postepuj zgodnie z W jaki sposob moge zglosi¢ biqd?
(strona 229).

8.5.5 Blad instalacji wtyczki, mozliwe braki w zaleznosciach. Dlaczego?

Wtyczka wymaga zainstalowanych GDAL, NumPy, SciPy i Matplotlib, ktére powinny by¢ zainstalowane wraz
z QGIS. Jesli instalacja wtyczki nie powiodla sig, sprobuj uzyskaé komunikat o mozliwych brakach w zalezno-
Sciach, a nastgpnie zainstalowa¢ lub zaktualizowaé QGIS i jego biblioteki. Zauwaz ze w celu uniknigcia tego
btedu, zaleznosci python nie powinny by¢ instalowane poprzez Anacondg.
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8.6 Rozne

8.6.1 Co wiasciwie moge zrobi¢ przy pomocy SCP?

SCP pozwala na Kklasyfikacje pokrycia terenu z obrazéw satelitarnych poprzez Supervised Classification
(strona 116). Mozesz uzyskac raster pokrycia terenu obliczony poprzez Classification Algorithms (strona 118)
dostgpne w SCP. Te algorytmy wymagaja charakterystyk widmowych lub OT jako danych wejsciowych (przeczy-
taj prosze¢ Brief Introduction to Remote Sensing (strona 109) dla definicji) ktére zdefiniuja klasy pokrycia terenu
W scenie.

Rys. 3: Obraz wielokanatowy przetworzony dla opracowania klasyfikacji pokrycia terenu
(obraz Landsat dostarczony przez USGS)

SCP potrafi pracowac z obrazami wielokanatowymi pozyskanymi przez satelity, samoloty i drony. SCP pozwala
rowniez na bezposrednie wyszukiwanie i bezptatne pobieranie obrazéw (zobacz Download products (strona 51)).
Nie mozesz uzy¢ ortofotomapy z mniej niz 4 kanatami, danych SAR i LIDAR w SCP.

Obraz wejsciowy w SCP nazywany jest Band set (strona 37) uzywany jako dane do klasyfikacji. SCP zapewnia
narzedzia Preprocessing (strona 56), takie jak konwersja do reflektancji i manipulowanie kanatami.

Wynik klasyfikacji moze by¢ pozyskany przy pomocy Accuracy (strona 75) i Classification report (strona 77).
Rastry moga by¢ réwniez zmieniane w Postprocessing (strona 75) narzedziami takimi jak Classification to vector
(strona 80), Reclassification (strona 81), Edit raster (strona 82) directly, Classification sieve (strona 84), Classifi-
cation erosion (strona 85), oraz Classification dilation (strona 86).

Wykres sygnatur widmowych (strona 98) i Wykres punktowy (strona 104) pozwalaja na analize charakterystyk
widmowych i obszaréw treningowych. Rézne Basic tools (strona 40) sa dostgpne dla utatwieri przy tworzeniu
obszaréw treningowych i edycji charakterystyk.

Obliczenia rastrowe sa dostgpne poprzez petna integracje Band calc (strona 87) z kanatami dostgpnymi w Band
set (strona 37), umozliwiajac wprowadzanie wyrazen matematycznych i indekséw widmowych. Raster wynikowy
moze obliczony na podstawie Decision rules (strona 89).

Narzedzie Batch (strona 91) pozwala na automatycZne wykonanie wielu funkcji SCP przy uzyciu interfejsu skryp-
towego.

Zobacz Podreczniki podstawowe (strona 139) w poszukiwaniu wigkszej ilosci przyktadéw i informacji.

8.6.2 Wiasny wkitad do SCP

Moze wspieraé rozwdj SCP poprzez naprawe btedéw i dodawanie nowych funkcjonalno$ci (zobacz Gdzie znajde
kod Zrodtowy SCP? (strona 233)), lub tlumaczenie podrecznika uzytkownika (zobacz W jaki sposob moge prze-
ttumaczy¢ ten podrecznik uzytkownika na inny jezyk? (strona 233)).
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Mozesz réwniez podarowac wsparcie dla projektu pod tym adresem https://fromgistors.blogspot.com/p/donations.

html .

8.6.3 Darmowe i cenne zasoby poswiecone teledetekcji i GIS

Nastgpujace linki zawieraja pomocne materialy:

The Landsat 8 Data Users Handbook by USGS;

The Landsat 7 Science Data Users Handbook by NASA;

Webinar: Podstawy teledetekcji w opracowaniu NASA - w jezyku angielskim.
Webinar: NASA Teledetekcja dla zarzadzania terenem - w jezyku angielskim.

Webinar: Opracowanie i uzywanie indeksu Normalized Difference Vegetation Index (NDVI) ze zdjec sate-
litarnych NASA.

Webinar: Teledetekcja pokrywy lesnej i ocena zmiany dla monitoringu sekwestracji CO2 - NASA.

Webinar: Wprowadzenie do teledetekcji dla ochrony srodowiska NASA.

8.6.4 Zobacz rowniez poradniki na temat SCP, rowniez w jezykach innych niz

Angielski.

Wiele poradnikéw o SCP mozna znalezé w internecie. Ta lista takich zasobdw jest niekompletna (zauwaz, ze
materialy moga dotyczy¢ starszych wersji SCP);

Angielski: Webinarium NASA ARSET klasyfikacji pokrycia terenu w oparciu o zdjgcia satelitarne;
Angielski: Rekomendowane Praktyki UN-SPIDER dla kartowania szkéd pozarowych w QGIS;
Angielski: Uzywanie QGIS i SCP do pobierania i przetwarzania scen satelitarnych Sentinel 2;
Francuski: Teledetekcja pozaréw lasow;

‘Niemiecki: 2015 Jakob Wykrywanie zmian uzytkowania gruntu za pomoca narzedzi przetwarzania
obrazu FOSS<https://www.youtube.com/watch?v=vIsHFvLS5_Q>¢_;

Indonezyjski: Koreksi Radiometrik Menggunakan QGIS:Semi Automatic Classification;
Wioski: Klasyfikacja mozaiki zréznicowanych obrazéw Landsat;
Koreanski: QGIS Semi-Automatic Classification Plugin;

Portugalski: Workshop de Detecio Remota e Processamento Digital de Imagem com o QGIS e o Semi-
Automatic Classification Plugin;

Portugalski: Klasyfikacja nadzorowana scen Sentinel-2 przy pomocy QGIS i SCP;
Portugalski: Avalia¢do do erro de uma imagem de satélite usando o QGIS e o SCP;
Portugalski: Konwersja scen Sentinel-2 do reflektancji w QGIS SCP;

Portugalski: Criar composi¢des coloridas no QGIS com SCP;

Portugalski: Corte de imagem Sentinel-2 usand QGIS e SCP;

Portugalski: Detecdo Remota Com O QGIS;

Rosyjski:  Sentinel- 2a Semi-Automatic Classification Plugin QGIS;
Hiszparski: Descarga de imédgenes de satélite desde servidores publicos;

Szwecki: Landsat 8 och fjdrranalys med QGIS;

Ukrainski:  Semi-Automatic Classification 5.0;

Ukrainski:  Qgis ;
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8.6.5 W jaki spos6b moge przettumaczy¢ ten podrecznik uzytkownika na inny
jezyk?

Mozna w bardzo prosty sposob przettumaczy¢ podrgcznik uzytkownika na dowolny jezyk, poniewaz jest napisany

w reStructuredText - jezyku znacznikéw (uzywajac Sphinx). A wiec twéj wspétudziat w ttumaczeniu tego pod-

rgcznika na znane ci jezyki jest fundamentalny. Ten przewodnik ilustruje gtéwne kroki thumaczenia, ktére moga
by¢ wykonane:

* uzywajac otwartego serwisu online Transifex;
* uzywajac plikéw gettext .po.

Przed ttumaczeniem, przeczytaj ten dokument z przewodnika thumaczenia QGIS, ktéry pomoze ci zrozumiec
reStructuredText.

Metoda 1. Tlumaczenie przy uzyciu otwartej ustugi sieciowej Transifex
To prawdopodobnie najtatwiejszy sposoéb ttumaczenia podrecznika, w oparciu o ustuge sieciowa.
1. Dotacz do projektu Semi-automatic Classification Manual

Wejdz na strong https://www.transifex.com/semi-automatic-classification/
semi-automatic-classification-plugin-manual i naci$nij na przycisk Help translate.
mozesz uzywaé swoich danych logowania Google, Facebook, albo utworzy¢ bezptatne konto.

2. Wybierz swo6j jezyk

Wybierz swéj jezyk i naciS$nij przycisk Join team. JeSli twéj jezyk nie jest wymieniony,
nacis$nij na przycisk Request language.

3. Tlumaczenie

Znajduje si¢ tu kilkanascie plikéw to przettumaczenia, ktére odnosza si¢ do sek-
cji dokumentacji SCP. Do przettumaczenia interfejsu uzytkownika, wybierz plik
semiautomaticclassificationplugin.ts.

Metoda 2. Thtumaczenie przy uzyciu plikow gettext .po

W celu uzywania tej metody, musisz mie¢ spore umiejetnosci uzywania GItHub. Ta metoda pozwala na ttuma-
czenie plikéw PO lokalnie.

1. Pobierz pliki ttumaczenia.

WejdZ na  strone  projektu na  GitHub  https://github.com/semiautomaticgit/
SemiAutomaticClassificationManual_v4/tree/master/locale i pobierz pliki .po twojego je-
zyka (mozesz doda¢ swoj jezyk, jesli nie jest na liscie), albo stworzy¢ forka repozytorium.
Kazdy plik .po jest plikiem tekstowym odpowiadajacym sekcji w Podreczniku Uzytkownika.

2. Edycja plikéw tlumaczenia

Jestes gotowy do thumaczenia plikéw .po. Wygoda podpowiada uzycie jednego z nastgpujacych
programoéw: Poedit dla Windows i Mac OS X, lub Gtranslator dla Linux OmegaT (Java based)
dla Windows, Linux i Mac OS X. Te edytoru pomoga w tatwym i sprawnym przettumaczeniu
kazdego zdania Podrecznika Uzytkownika.

8.6.6 Gdzie znajde kod zrédtowy SCP?

Kod Zrédlowy SCP dostepny jest pod adresem https://github.com/semiautomaticgit/
SemiAutomaticClassificationPlugin

8.6.7 W jaki sposob zainstalowac¢ QGIS przy uzyciu OSGEO4W?

Aby zainstalowa¢ QGIS, pobierz OSGeo4W installer x86 albo OSGeo4W installer x64 dopasowany do twojego
systemu operacyjnego.
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Nastepnie uruchom instalator, wybierz Advanced Install.

0SGeodW Net Release Setup Program ™\

\

This setup program is used For the initial inskallation of the OSGeody
environment as well as all subsequent updates. Make sure ko remember where
wiol saved ik,

The pages that Follow will guide ywou through the installation. Please noke that
D5Gecd consists of a large number of packages spanning a wide wariety of
purposes. We anly install a base set of packages by defaulk, ‘You can always run

this program at any kime in the Future ko add, remaove, or upgrade packages as
MECessary,

{ " Express Desktop Instal
(" Express \Web-GIS Install

{(+ pdvanced Install

Zaznacz Install from Internet ikliknij Next.

Choose & Download Source " N

Choose whether to install or download Frorn the inkernet, or install from \:“
files in a local direckary.

& Install from Inkernet
{downloaded Files will be kept For Fukure re- use‘;

(" Download Without Instaling

(" Install From Local Direckary

Wybierz katalog instalacyjny i kliknij Next.
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select Root Install Directory Fan Y
Select the directary where you wank ko install ©5Geodw, Also choose a "\f‘
fFew inskallation parameters,

—Roak Direckary

L A0S Ged Browse. .,

—Install Far
i all Users (RECOMMEMDED )

CSGead will be available to all users
of the system, [T Create icon on Deskkop

& Just Me v addicon to Start Menu

O5Gecd will only be available ko the
current user, Only select this iF you
lack. admin. privileges or you have
specific needs.

Wybierz lokalny katalog do przechowywania pakietéw i wybierz Next.

select Local Package Directory P, ¥
select a directary where wou want Setup to store the installation files it \Eﬁ
downloads. The directory will be created if it does naot already exist,

—Laocal Package Direckary

I C:usersiusery Temp Browse, .,

—Skark menu name

| O5GEed

Wybierz Direct connection (albo wybierz parametry potaczenia internetowego) i wybierz Next.
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5elect Your Internet Connection

Setup needs to know bow you want it bo connect ko the internet, Choose
the appropriate settings below,

N
A%

¢ Direct Connection:

" Use IES Settings

" Use HTTR/FTP Prowxy:

Proxy Hoskt I

Part I 80

Wybierz pierwszy adres pobierania i kliknij Next.

Choo=se A Download 5Site
Choose a sike fram this lisk, ar add your own sikes to the list

&veailable Download Sites:

:I'I'|:||: r|||:|.E||:|,|:|-_-'.| 20, 0f

User LRL:

Add

Na liscie pakietéw wybierz ggis—dev (w kategorii Desktop) dopdki QGIS3 nie zostanie oficjalnie opubliko-

wany..
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Select Packages f“\
Select packages ko install A
Search Clear | i Keep - Ere-ﬁ Cukr i Exp View | Category
Cakeqary | et | | | Size | Package ;I
¥ skip nfa nfn 138k osg-bin: OpensSceneGraph (executables)
& skip nfa  nfa 839  osgearth-bin: ©53 Earth (executables)
¥ skip nfa  nfa 3,169k  oth-ronteverdi: Monteverdi - Desktop ap
& skip nfa  nfa 1k otb-monteverdiz: Monteverdiz - Deskkop .
¥ skip nfa  nja 41,566k ggis: OGIS Deskiop
& 2,99.0-274 nja 50,684k  gais-dev: OGEIS nightly build of the devela
& skip nfa  nfa 353,388k qais-dev-pdb: Debugaging syrbals Faor GGT
& skip nfa  nfa 1k gais-Full: 2315 Full Desktop (meta packag
¥ skip nfa nfn 1k ggis-Full-dev; QGEIS nightly build of the des
& skip nfa  nfa 1k gais-Full-rel-dew: QGEIS nighthy build of the
¥ skip nfa  nfa 29,329k qais-ltr: QGEIS Deskkop (long kerm release)
| frskin | W rja 43,036k qais-ltr-dev: QIS niahtly buid of the |.:._nc|;|
4 [

v Hide obsolete packages

Na liScie pakietéw wybierz python3-matplotlib (w kategorii Libs).

Select Packages iy
Select packages ko install "\..x,-'”
Eearchl Clear |  geep O pred™ Curr O Exp Wiew | Categary
Zakegory | e | J | Size | Package :I
¥ o T T TOF. Py - TILLDZ ;% LT ET e e e T TE
& Skip nia  nja 44k python3-idna: Internationalized Domain B
¥ Skip nia  nja 20k python3-ipython-genutils: Yestigial utilities
&¥ Skip nia  nja 1833k python3-jinjaZ: A small but Fast and easy
£¥s5kip nfa nfa 73k python3-jsonschema: Animplement ation ¢
&¥Skip nig nja 5k python3-jupyter-core: Jupyter core packs
£¥5kip nfa  nfa 16k python3-markopsafe: Implements a XMLJE
&¥2.0.0-1 njia 7,835k  python3-matplotlib: Python plotking packa_l
&¥Skip nia nja 43k python3-mock: Roling backport of unittes
&¥Skip nia nja 135k  python3-nbformat: The Jupyter Mokebook
&¥Skip nia nja 1,006k  python3-networke: Python package Far cr
&¥Skip nfa e 110k python3-nosez: nosez is the next genera
1 | -

v Hide obsolete packages

Na liscie pakietéw wybierz python3-numpy (w kategorii Libs).
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Select Packages F
Select packages b install \i}
Search I | Clear | ™ geep 0 Presf* Curr € Exp Yiew | Category
Categary | [ | J | Size _F'g:kage ﬂ
Y SFIP LI T = :
& Skip nia  nfa 1,006k  python3-netwarks: Python package For cr
& Skip min - nfa 110k python3-nose?: nose? is the next genera
& 1,12, 04+mkl-1 nfa 72,367k python3-nurpy: MumPy: array processing
& Skip min  nfa Ak python3-owslibe OGC Web Service ukility i
&¥Skip nin  nfn 4,654k  python3-pandas: Powerful data structure
&¥Skip nin  nfa 101k python3-pbr: Python Build Reasonablenes
& Skip nin  nfn 796k python3-platlys Python plotting library For
& Skip nia  nfa 772k python3-psycopg?: psycopa? - F'w;.-'I:I'uzun-F'u:_I
& Skip min  nfa 658k python3-pygments: Pyaments is a synkax
&¥skip nja nfo 45k python3-pyodbc: DE APT Module For QDB
&¥Skip min  nfa 47k python3-pyparsing: Python parsing modul -
‘ | o

v Hide obsolete packages

Na liscie pakietéw wybierz python3-scipy (w kategorii Libs).

Select Packages };r;\
Select packages to install b
Search I | Clear I i geep © Prevf® Curr 7 Exp Yiew | Category
Cakegory | Plew | J | Size _F'ackage _‘J
&Y SFIP L1/ T a0 B :
&¥Skip nia  nfa 2,930k python3-pypraj; Python inkerface bo PRO.
&¥Skip nin - nfa 136k  python3-python-dateutil: Exkensions ko tk
& Skip nia  nfa 178k  python3-pytz: Waorld bimezone definitions,
&¥Skip nin  nfa 30k python3-pywaml: YAML parser and emitte
£¥Skip nin  nfn 171k  python3-gscintila: Pythons bindings For O
&¥Skip nia  nfa 57k  python3-requests: Python HTTP Far Hume
£¥0,19,0rc2-1 nfin 9,787k python3-scipy: SciPys Scientific Library For
& Skip nia  nfa g8k python3-shapely: Geometric objects, prec_i
&¥skip nin  nfa 47k python3-simplejson: Simple, Fast, extensit
& Skip nia  nfa ak  python3-si: Python 2 and 3 compatibility
£¥skip nin  nfa Sak  python3-traitlets: Traitlets Python config @
< | S

v Hide obsolete packages

Nacis$nij Next aby zainstalowac réwniez pozostale zaleznosci.
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Warning! Unmet Dependencies Found i
The Following packages are required but have not been selected, \:‘,f"
boost  (156.0-2) ﬂ
The Boost library,
Fequired by libkml
curl 7.54.0-13
The CUEL HTTR/FTP library and commandline Ltility,
Fequired by: gdal
expat (2.0.1-1%
The Expat XML Parser library
Fequired by: gdal, ogdi, liblkml
fogi (2.4.0-1}
FastCiGI Library
I ;l_l
v Install these packages ko meet dependencies (RECOMMENDEDﬁ
Po pobraniu, QGIS powinien zainstalowa¢ si¢ wraz z wszystkimi potrzebnymi zaleznos$ciami.
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