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Introduction

Developed by Luca Congedo (ing.congedoluca@gmail.com), the Semi-Automatic Classification
Plugin (SCP) is a free open source plugin for QGIS that allows for the semi-automatic classificati-
on (also known as supervised classification) of remote sensing images. It provides several tools for the
download of free images, the preprocessing, the postprocessing, and the raster calculation.

The overall objective of SCP is to provide a set of intertwined tools for raster processing in order to
make an automatic workflow and ease the land cover classification, which could be performed also by
people whose main field is not remote sensing.

SCP exploits the parallel processing of the tools provided by Remotior Sensus, a Python package that
allows for the processing of remote sensing images and GIS data.

This user manual provides information about the Plugin Installation (page 3) of SPC and the The
Interface of SCP (page 29), with detailed information about all the functions. In addition, the Kopomxui
scmyn do ducmanyitinozo sondysanns (page 123) illustrates the basic concepts and definitions which are
required for using the SCP.

For more information and tutorials visit the official site

How to cite:

From GIS to Remote Sensing

Congedo, Luca, (2021). Semi-Automatic Classification Plugin: A Python tool for the download and
processing of remote sensing images in QGIS. Journal of Open Source Software, 6(64), 3172, https:
doi.org/10.21105/joss.03172

Brief history:

The first version of the SCP was developed by Luca Congedo in 2012 for the «ACC Dar Project»
in order to create a tool for the classification of land cover in an affordable and automatic fashion;
following versions of SCP were developed as personal commitment to the remote sensing field and open
source philosophy. SCP version 6 was developed in the frame of Luca Congedo’s PhD in Landscape and
Environment at Sapienza University of Rome. SCP version 7 and version 8 as personal commitment to
the remote sensing field and open source philosophy.



mailto:ing.congedoluca@gmail.com
http://www.qgis.org
https://remotior-sensus.readthedocs.io/en/latest
https://fromgistors.blogspot.com
https://doi.org/10.21105/joss.03172
https://doi.org/10.21105/joss.03172
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License:

Except where otherwise noted, content of this work is licensed under a 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 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/.

Translators:

Language: Author name
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Plugin Installation

The Semi-Automatic Classification Plugin requires the installation of GDAL, OGR, NumPy, SciPy and
Matplotlib .

This chapter describes the installation of the Semi-Automatic Classification Plugin for the supported
Operating Systems.

2.1 Installation in Windows 64 bit

2.1.1 QGIS download and installation

e Download the latest QGIS version 64 bit from here ;

e Execute the QGIS installer with administrative rights, accepting the default configuration.

Now, QGIS is installed.

@ Untitled Project —QGIS - a X
NEEREY M 280, "L iBa O R B-Ch- G HT =
BOV.ZREBED 5= @ -

Layers [=]Es)

v @@ T A0

Q, Type to locate (Ctrl+K) Ready Coordnate| 0,266° 0,206° |99 Scale | 1:1685323 | ~ | [ Magnifier | 100% 4| Rotation [0,0° 2| [V|Render ®ersciazze @



http://www.gdal.org/
http://www.numpy.org/
http://www.scipy.org/
http://matplotlib.org/
https://www.qgis.org/en/site/forusers/download.html#windows
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2.1.2 Installation of required dependencies
The Semi-Automatic Classification Plugin requires Remotior Sensus, GDAL, NumPy and SciPy for most
functionalities. Optionally, scikit-learn and PyTorch are required for machine learning.
Therefore, we need to install the dependencies that are not included in the QGIS installation.
e Close QGIS;
e From the Start menu, open OSGeodW Shell (administrative rights may be required);

elp for a 1i available commands
am Files\

e Enter the following command:

[pipB install --upgrade remotior-sensus scikit-learn torch }

Follow the same procedure for updating the dependencies.

ITopana: In case the library Remotior Sensus is not found, an automatic procedure will try to download
it in the plugin directory, allowing for using the main functions of the Semi-Automatic Classification
Plugin; however, this is not recommended as library Remotior Sensus won’t be updated, and scikit-learn
and PyTorch functions will not work. Alternatively, one may follow Advanced installation using Conda

(page 24).

2.1.3 Semi-Automatic Classification Plugin installation

e Run QGIS;
e From the main menu, select Plugins > Manage and Install Plugins;

Project Edit Wiew Layer Settings Js¥sig=8 Vector Raster Database Web Mesh Progessing Help

D E D EL] Eg # Manage and Install Flugins...

#_ Python Console Cirl+AIL+P
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e From the menu Al1, select the Semi-Automatic Classification Plugin and click the button Install
plugin;

x|

‘ Al | Q Search... |

& Search Layers = = a - - - =
S Semi-Automatic Classification Plugin &
< & Seismic Positioning Data Importer
e # Select by relationship The Semi-Automatic Classification Plugin (SCP) allows for the
. 1 Select Within supervised dassification of remote sensing images, providing tools
il from ZIF | . Semi- cation Plugn for the download, the preprocessing and postprocessing of
images.

= Send2GE
# Sentinel-2 Download Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
% SentinelHub the supervised classification of remote sensing images, providing tools for the
& Serval download, the preprocessing and postprocessing of images. Search and download is

available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-3 images. Several

Servicios WMS - IDES Cali
& algorithms are available for the land cover classification. This plugin requires the

# Shape Tools installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please

# Shapefile Encoding Fixer visit https://fromgistors.blogspot.com .

% ShLocator

% shptoobs 717 435 rating vote(s), 762194 downloads

= Simple WCS 2

SimpleSv: 2
i SimpieSvg Tags raster, analysis, landsat, land cover, landscape,
& SLD4raster e = i
classification, remote sensing, mask, accuracy, clip,

& Sleuth Inputs spectral signature, supervised classification, sentinel il

# SLYR (Commurity Edition) d i it s " =

# Srai ; ~|| Upgrade Al | Install Plugin |
\ Close | | Help |

e The SCP should be automatically activated; however, be sure that the Semi-Automatic Classificati-
on Plugin is checked in the menu Installed (the restart of QGIS could be necessary to complete
the SCP installation);

x|

‘ All __|" Plugin installed successfully 8
| 2 ) P
E ] instaled [ Q search |
o= Search Layers = < y o o e E |~
Notinstalied  [URSMRES - Semi-Automatic Classification Plugin
@ Seismic Positioning Data Importer | =
R LR | & Selectby relationship | || The Semi-Automatic Classification Plugin (SCP) allows for the
 Select Within | | supervised dassification of remote sensing images, providing tools
/][E Semi-Automatic Classification Plugin | || for the download, the preprocessing and postprocessing of
o Sen2Cor Adapter | images.
# Send2GE |
# Sentinel-2 Download | Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
% SentineHub | the supervised classification of remote sensing images, providing tools for the
= Serval | download, the preprocessing and postprocessing of images. Search and download is

| available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-3 images. Several

5 Servidos WMS - IDES Cali - 2 B p s
algorithms are available for the land cover classification. This plugin requires the

 Shape Tools sy | installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please

# Shapefile Encoding Fixer ||| visit https://fromgistors.blogspot.com .

# ShLocator |

& shptoobs il v 7 435 rating vote(s), 762184 downloads

o Simple WCS 2 B

= SimpleSvg |

e Category Raster =
% Sleuth Inputs |

|+|| Uparade Al |Un|nst3|| Plugin | | Reinstall Plugin |

Laem e ki)

[ cose J| re |
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2.1.4 Configuration of the plugin

Now, the Semi-Automatic Classification Plugin is installed and a dock and a toolbar should be added to
QGIS. Also, a SCP menu is available in the Menu Bar of QGIS. It is possible to move the toolbar and
the dock according to your needs, as in the following image.

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

NEARRY @QLARER € %X & ¢
SEE - AAOCIEMEED -

0.010000

SCP Dock [GlE) Sel i + - 0Xx
@ - Filter = - "
£ - D Training input m b Filter [EOPPT AN Active band set 1 || Date NaT Root directory %
T - -

ROI & Signature list ¥ [Banieg Band setta - =
[#) l,, Download products Band name Center wavelength Multiplici
= |Fite » {= Basic tools 1 i . [+ E:S
2 » [+ Ppreprocessing T
E‘ MCID ~ CID Name Type Col » % Band processing =
g E\n » @ Postprocessing
= 2 B Band calc n
[ ] HE] ® script
2 - v 2% Settings n
s =] Debug “
B Interface — !
o Processing setting
= Z[E ser manual
8- & Help =
- = [ About m
= x|
- E¥
e
== (g W
9 MCID | 1|2 MCName Macroclass 1 |
. Band quick settings
CID | 1|2/ CName (Class1 i
Wavelength| Band order ~ Ml wavelen band nusabe| 202 -
 mucsave  sigraure aaw
- 5 -
= EE = Create virtual raster — Create raster of ban Bulld band overviea[ ] Band calc expressio | run [
ScPDock | Layers 0 m of band set (stack bands) P 75
Q Type to locate (Ctri+K) & - L =2 - -

The configuration of available RAM is recommended in order to reduce the processing time. From the

SCP menu (page 29) select ’X Settings > Processing .
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el Processing Help

g Band set

& Download products

o Basic toals b
[+ Preprocessing b
W3 Band processing b
& Postprocessing b
B Band calc

B Script
W= Spectral plot
[t Scatter plot

=)= User manual

Debug

Interface

Processing setting

In the Hanawmysarnns (page 109), set the Available RAM (MB) to a value that should be half of the
system RAM. For instance, if your system has 2GB of RAM, set the value to 1024MB.

Semi-Automatic Classification Plugin

|Filter . a
ystern =
# Band set g
4 Download products Available RAM (MB) | 1024 |
-
» 1. Basic tools - 0]
b CPU threads | 2[4 | *
» [+ Preprocessing =
» dp Band processing Calculation process =
» @ Postprocessing V| Play sound when finished V| Raster compression
B Band calc
P script SMTP process notification
~ #% Settings |SMTP server user password
Debug
Interface V| remember
Processing settin,
< 9 Send email of completed process to
£|z User manual
= Help Temporary directory
[ About ~ e |
] o
External programs
GDAL installation directory
2.1. Installation in Windows 64 bit 7
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2.1.5 Update of required dependencies

The dependency Remotior Sensus is frequently updated. The Semi-Automatic Classification Plugin can
check automatically if a new version is available, and display a message in the SCP dock (page 31).

SCP Dock ()

= & =B % dE R

MNews
A new version of Remotior Sensus is available.

input rﬂ Home

It is recommended to close QGIS and update Remotior Sensus following the same installation steps
described in Installation of required dependencies (page 4) .

2.2 Network installation in Windows 64 bit

2.2.1 QGIS download and installation

e Download the latest QGIS version 64 bit using the OSGeo4W network installer from here ;

o Execute the QGIS installer with administrative rights and select Advanced Install;

& 0SGeod4W Setup — O X
0SGeodW Net Release Setup Program {:.;}

This setup program is used for the initial installation of the 0SGeo4W environment as
well as all subsequent updates. Make sure to remember where you saved it.

The pages that follow will guide you through the installation. Please note that
0SGeodW consists of a large number of packages spanning a wide variety of
purposes. We only install a base set of packages by default. You can always run
this program at any time in the future to add, remove, or upgrade packages as
necessary.

() Express Install

(®) Advanced Install

e Select Install from Internet; proceed selecting the default installation directory and the
preferred network configuration;

8 Po3gin 2. Plugin Installation
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& 0SGeo4W Setup - Choose Download Site(s) - O X
Choose A Download Site Pem ¥
Choose a site from this list, or add your own sites to the list \*,I

Available Download Sttes:

hitps://download .osgeo .org

https://ftp osuosl.org
hitps://www norbit.de

User URL: Add

The Semi-Automatic Classification Plugin requires Remotior Sensus, GDAL, NumPy and SciPy for most
functionalities. Optionally, scikit-learn and PyTorch are required for machine learning.

e In the menu Select packages select All > Desktop > qgis-full-free; also select A1l >
Libs > python3-remotior-sensus, A1l > Libs > python3-scikit-learn and All > Libs >
python3-torch;

& 05Geo4W Setup - Select Packages s O *
Select Packages f*\
Select packages to install ./
Search | || Cear Okeep OPrev®Cur OBp | View  Category
Category New B.. S.. Size Package "
¥ Skip nja  nfa 43,390k qais: QGIS Desktop
&¥ Skip nfa  nfa 124,635 qgis-dev: QGIS nightly build of the development branch
&¥ Skip nfa nja Tk qgis-dev4ull: QGIS nightly build of the development branch (metap
&¥ Skip nfa  nfa 1k qgis-dev4ullfree: QGIS nightly build of the development branch (m
&¥ Skip nja N 1,195,930k aqgis-devpdb: Debugging symbols for QGIS nightly build of the dev
&¥ Skip nja  nfa 1k qggisful: QGIS Desktop Full {meta package)
&332 E O Tk qgisfullfree: QGIS Desktop Full Free (meta package)
&¥ Skip nja  nfa 43590k qgisttr: QGIS Desktop (long term release)
& Skip nja  nfa 106,748k qgistr-dev: QGIS nightly build of the long term release branch
&¥ Skip nja  nfa 1k qgisdtr-dev{ull: QGIS nightly build of the long term release branch |
< >
Hide obsolete packages

2.2. Network installation in Windows 64 bit 9
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& 05Geo4W Setup - Select Packages e O x
Select Packages f*\
Select packages to install N/
Search || Clear | Okeep OPev@®Cur OBp | View  Category
Category New B..|S5..| S Package a
&% Skip nja 0o 859k python3-asterio: Fast and direct raster 1/0 for use with Numpy anc
&% Skip nfa  nfa 12 python3+asterstats: Summarize geospatial raster datasets based o
&¥ Skip nja  nfa 25 python3regex: Atemative regular expression module, to replace re
&01441 O 166k python3+emotior-sensus: Remotior Sensus is software to process 1
&¥ Skip nia  nja 1,680k python3+eportiab: The Reportlab Toolkit
&% Skip nja  nja 42X python3+equests: Python HTTP for Humans.
&¥ Skip nja  nfa Bk python3+etrying: Retrying
&% Skip nja  nja 17 python3+tree: R-Tree spatial index for Python GIS
& Skip nja nfa 5181k python3-scikitdeam: A set of python modules for machine leaming
&¥ Skip nfa  nfa 37,715 python3-scipy: Fundamental algorithms for scientific computing in |
A% Skin nin  nin MA  ruthanlessham: esshnm: atatictical data vienalizatinn .
< >
[ Hide obsolste packages
& 0SGeo4W Setup - Select Packages = O X
Select Packages f*\
Select packages to install N/
Category New B.. S.. Size Package a
&% Skip nfa  nja 166k python3+emotior-sensus: Remotior Sensus is software to process 1
&¥ Skip nfa  nfa 1680k python3+eportiab: The Reportlab Toolkit
&¥ Skip nja i 42 python3+equests: Python HTTP for Humans.
&¥ Skip na i 6k python3-retrying: Retrying
4¥ Skip nja  nja 17 python34tree: R-Tree spatial index for Python GIS
02322 E e 5,187k python3-scikitdeam: A set of python modules for machine leaming
&% Skip nja  nja 37,715 python3-scipy: Fundamental algorithms for scientific computing in
&¥ Skip nja nja 206k python3-seabom: seabom: statistical data visualization
&¥ Skip nfa  nfa 43k python3-segregation: Analytics for spatial and non-spatial segregat
&¥ Skip nja  nfa 7 python3-sendZArash: Send file to trash natively under Mac OS5 X, V
i Cloim in nin 00U, mudbhanD amdmbanls: Canibe davmlasd bild imsd=ll mmeade amd oo
< >
[ Hide obsolete packages
& 0SGeo4W Setup - Select Packages e O X
Select Packages f*\
Select packages to install N/
Search| || Qear | Okeep OPev@Cur OBp | View | Categoy
Category New B.. S.. Size Package "
&Y Skip nja  nfa 81k python34estpath: Test utilties for code working with files and comi
&% Skip nja  nfa 12 python3threadpoolct!: threadpoolct!
&¥ Skip na i 15  python34obler: TOBLER: Areal Intempolation
&¥ Skip nja  nfa 13k python34oml: Python Library for Tom's Obvious, Minimal Language
&¥ Skip nfa  nfa 12  python34omii: A lil" TOML parser
2011 O 144,93% python34orch: Tensors and Dynamic neural networks in Python w
&% Skip nja nfa 273 python34omado: Tomado is a Python web framework and asynch
&¥ Skip e nfa 88k python3tqdm: Fast, Extensible Progress Meter
&¥ Skip nja  nja 75 python3Hraitlets: Traitlets Python configuration system
&¥ Skip nja nfa 25  python34yping-extensions: Backported and Experimental Type Hir
A% Skin nin  nin 121k rthanW4zdata Prvider nof IANA time 7ane data 0
< >
[#] Hide obsolete packages

10
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e Click Next and accept to install the required dependencies;

& 0SGeo4W Setup - Resolve Dependencies =2 O X

Waming! Unmet Dependencies Found o\

The following packages are required but have not been selected. \,‘j
api-ms-win-core-path-HACK (0.0.1-5) A

Hack to make python 3.9 work on Windows 7
Required by: python3-core

arrow-cpp (7.0.0-6)
Apache Arrow C++ library (runtime)
Required by: gdal-dev308-runtime, gdal307-runtime

avcel0 (200-3)
The AVCEODO commandline utilities for Arc/Info E00 conversion
Required by: grass8

base (1.0.0-20)
NeRandW haca narkana ot
< >

Install these packages to meet dependencies (RECOMMENDED)

The download of the programs will start, and QGIS will be installed along with the required dependencies.

@ Untitled Project — QGIS = o e
heEBR@E O LR EatOoR Gp-E- & [ % X R

LL AT 1% = R 2

Layers @&

« @ ® T 3=

Q, Type to locate (Ctrl4K) Ready Coordinate| 0,2567 0,205% |9 Scale| 1:1685323 | ~ | @ Magnifier | 100% +| Rotaton [0,0°% 2| v Render @Epsciazze @

2.2.2 Semi-Automatic Classification Plugin installation

e Run QGIS;

e From the main menu, select Plugins > Manage and Install Plugins;

! Untitled Project — QGIS

Project Edit View Layer Settings Jal)g= Vector Raster Database Web Mesh Processing Help

3 ¢ Manage and Install Plugins...
D | m ﬁ E‘; anage and In gin |E |

e From the menu Al1, select the Semi-Automatic Classification Plugin and click the button Install
plugin;

] l'"'._x Python Consale Cirl+alt+P

E

2.2. Network installation in Windows 64 bit 11
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«! Plugins | All (732) | x|
‘ Al | Q search... |
% Search Layers e - . S = - E =
—— Semi-Automatic Classification Plugin
& Seismic Positioning Data Importer
R # Select by relationship The Semi-Automatic Classification Plugin (SCP) allows for the
_ 2 Select Within supervised dassification of remote sensing images, providing tools
Install from ZIP |l Semi-Auto ion Plugin for the download, the preprocessing and postprocessing of
& Sen2Cor Adapter images_
'ﬁ Settings # Send2GE
# Sentinel-2 Download Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
% SentinelHub the supervised classification of remote sensing images, providing tools for the
& Serval download, the preprocessing and postprocessing of images. Search and download is

available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-3 images. Several

Servicios WMS - IDES Cali 2 2 = £ 3 £
& algorithms are available for the land cover classification. This plugin requires the

 Shape Tools o installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please
% Shapefile Encoding Fixer visit https://fromgistors.blogspot.com .
# ShLocator
# shptoobs 7 435 rating vote(s), 762194 downloads
& Simple WCS 2
SimpleSw
HSLDE‘:r tge A Tags raster, analysis, landsat, land cover, landscape,
* e classification, remote sensing, mask, accuracy, clip,
& Sleuth Inputs spectral signature, supervised classification, sentinel 1
& SLYR {Community Edition) S . . s " I
Y Sna.l\ ~|| Upgrade Al |W|

| Close || Help |

e The SCP should be automatically activated; however, be sure that the Semi-Automatic Classificati-
on Plugin is checked in the menu Installed (the restart of QGIS could be necessary to complete
the SCP installation);

2 Plugins | All (732) N x|
‘ Al |:| Plugin installed successfully 0
| Q, search... |
3 3 Search Layers = 2 = i = o |E-
Vi . - - Semi-Automatic Classification Plugin @
% Seismic Positioning Data Importer | = |
- R e | || The Semi-Automatic Classification Plugin (SCP) allows for the
& Select Within | | supervised dassification of remote sensing images, providing tools
B e R T | | for the download, the preprocessing and postprocessing of
= Sen2Cor Adapter | images_
5 Send2GE |
@ Sentinel-2 Download | || Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
& SentinelHub | the supervised classification of remote sensing images, providing tools for the
& Serval i download, the preprocessing and postprocessing of images. Search and download is

% Servicios WMS - IDES Cali available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-2 images. Several

algorithms are available for the land cover classification. This plugin requires the

% Shape Tools o | installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please

# Shapefile Encoding Fixer ||| visit https://fromgistors.blogspot.com .

% ShLocator |

i shptoobs I 435 rating vote(s), 762194 downloads

= Simple WCS 2 L

5 SimpleSvg I

o Category Raster E
5 Sleuth Inputs |

|=|| Upgrade Al |Uninst3|| Flugin | | Reinstall Flugin |

[t |

2.2.3 Configuration of the plugin

Now, the Semi-Automatic Classification Plugin is installed and a dock and a toolbar should be added to
QGIS. Also, a SCP menu is available in the Menu Bar of QGIS. It is possible to move the toolbar and
the dock according to your needs, as in the following image.

12 Po3gin 2. Plugin Installation
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Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh SCP  Progessing Help

DEERERY @@V ZREBHE @ # 2 -5~

=~ P

EPEEE - AAOEEMELD Howos :Ms 0

SCP Dock L T Semi-Automatic Classification Plugin + - Ox
o [ _ T ‘ Bl
£ \-! |E| Training input ‘m‘ e [Filter \Acmebann set 1 |: Date NaT Root directory E]
5 i gana setta g &
z = % Download praducts —l'*"* = Band name Center Multiplic; ‘! —
5 |Filter » = Basic tools 11 @ e
g » [+ Ppreprocessing — |&
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The configuration of available RAM is recommended in order to reduce the processing time. From the

SCP menu (page 29) select ;4 Settings > Processing .
el Processing Help

g Band set

& Download products

- Basic tools b
[+ Preprocessing 3
W3 Band processing b
& Postprocessing b
B Band calc

P Script

e Spectral plot

[t Scatter plot

=)= User manual

Debug
Interface
{8} Help

7 About

"W |

-]

Show plugin

Processing setting
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In the Hanawmysarnns (page 109), set the Available RAM (MB) to a value that should be half of the
system RAM. For instance, if your system has 2GB of RAM, set the value to 1024MB.

Semi-Automatic Classification Plugin

a
o
& Band set g
4 Download products Available RAM (MB) 1024 |~
» = Basic tools -
. CPU threads 25 it
» [-> Preprocessing E
» #p Band processing Calculation process b=
' c Rostpracassing v Play sound when finished + Raster compression
B Band calc
P Script SMTP process notification
- 3‘ Settings |SMTP server user password
Debug
Interface V| remember

Processing setting
EE User manual

ﬁ: Help Temporary directory

[7 About
| [4
External programs

GDAL installation directory

Send email of completed process to

2.2.4 Update of required dependencies

The dependency Remotior Sensus is frequently updated. The Semi-Automatic Classification Plugin can
check automatically if a new version is available, and display a message in the SCP dock (page 31).

SCP Dock ]

= L B %» dE R

MNews

Home

A new version of Remotior Sensus is available.

input

It is recommended to close QGIS and update Remotior Sensus following the same installation steps
described in QGIS download and installation (page 8).

In case the library Remotior Sensus is outdated, it is possible to open the OSGeodW Shell (administrative
rights may be required):
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run o-help for a lis E lable commands
C:\P ram Files\QGI

and run the following command:

[pipB install --upgrade remotior-sensus }

2.3 Installation in Debian/Ubuntu Linux

2.3.1 QGIS download and installation

e Open a terminal and type:

[sudo apt-get update ]

e Press Enter and type the user password;

e Type in a terminal:

[sudo apt-get install qgis python3-matplotlib python3-scipy }

e Press Enter and wait until the software is downloaded and installed.

Now, QGIS is installed.
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@ Untitled Project — QGIS
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Layers @
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2.3.2 Installation of required dependencies
The Semi-Automatic Classification Plugin requires Remotior Sensus, GDAL, NumPy and SciPy for most
functionalities. Optionally, scikit-learn and PyTorch are required for machine learning.
Therefore, we need to install the dependencies that are not included in the QGIS installation.
e Close QGIS;
e Open the terminal (administrative rights may be required);

e Enter the following command:

[pipB install --upgrade remotior-sensus scikit-learn torch }

Ilontepemkennsi: In case you get an error message related to externally managed envi-
ronment, you may use (at the risk of breaking the OS or the Python installation) the option
--break-system-packages; alternatively, it is possible to create a virtual environment python3 -m
venv env, install the packages in it, and start QGIS from the activated environment.

Follow the same procedure for updating the dependencies.

ITopaga: In case the library Remotior Sensus is not found, an automatic procedure will try to download
it in the plugin directory, allowing for using the main functions of the Semi-Automatic Classification
Plugin; however, this is not recommended as library Remotior Sensus won’t be updated, and scikit-learn
and PyTorch functions will not work. Alternatively, one may follow Advanced installation using Conda

(page 24).
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2.3.3 Semi-Automatic Classification Plugin installation

Run QGIS;

e From the main menu, select Plugins > Manage and Install Plugins;

! Untitled Project — QG

Project Edit  View

]

Layer

Settings ey
» Manage and Install Plugins...

@, Python Console

= NN
1

Vector HRaster Database Web Mesh Processing Help

Ctrl+alt+P

e From the menu Al1, select the Semi-Automatic Classification Plugin and click the button Install

plugin;
(QrPugins tAIGZ2) x|
Al | Q, Search |
| = Search Layers = - — - = E =
voied [N Semi-Automatic Classification Plugin
| @ Seismic Positioning Data Importer
Notinstaled  INEEREEECS bsf_ ré‘aﬁansh\n The Semi-Automatic Classification Plugin (SCP) allows for the
e | Select Within supervised dassification of remote sensing images, providing tools
Install from ZIP -Autom for the download, the preprocessing and postprocessing of
# Sen2Cor Adapter images_
Settings & Send2GE

= SentinelHub

|
|
| = Sentinel-2 Download
|
i & Serval

| & Servicos WMS - IDES Cali
| & Shape Taols

| Shapefile Encoding Fixer
| ShlLocator

; 4 shptoobs

| & Simple WCS 2

| @ Simplesvg

| @ SLDdraster

& Sleuth Inputs

| & SLYR (Community Edition)
5 Snail

Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
the supervised classification of remote sensing images, providing tools for the
download, the preprocessing and postprocessing of images. Search and download is
available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-3 images. Several
algorithms are available for the land cover classification. This plugin requires the
installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please
visit https://fromgistors.blogspot.com .

T 435 rating vote(s), 762194 downloads

Tags raster, analysis, landsat, land cover, landscape,
classification, remote sensing, mask, accuracy, clip,
spectral signature, supervised classification, sentinel

na ok o, L PR g L

Uparade All | Install Plugin |

| Close I Help |

e The SCP should be automatically activated; however, be sure that the Semi-Automatic Classificati-
on Plugin is checked in the menu Installed (the restart of QGIS could be necessary to complete

Qrugms oo x|

‘NI

the SCP installation);

O [ | Plugin installed successfully

(%]

Installed | O, search...

o Search Layers

Mot installed = Segreg

& Seismic Positioning Data Importer
Install from ZIP & Select by relationship

& Select Within

/|3 Semi-Automatic Classification Plugin
= Sen2Cor Adapter
= Send2GE
= Sentinel-2 Download
% SentinelHub
= Serval
= Servicios WMS - IDES Cali
= Shape Tools
=3 Shapefile Encoding Fixer
= ShLocator
=3 shptoobs
o Simple WCS 2
o SimpleSvg
@ SLD4raster
= Sleuth Inputs

1 uem, SN Y

" Semi-Automatic Classification Plugin e

The Semi-Automatic Classification Plugin (SCP) allows for the
supervised dassification of remote sensing images, providing tools
for the download, the preprocessing and postprocessing of
images.

Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
the supervised classification of remote sensing images, providing tools for the
download, the preprocessing and postprocessing of images. Search and download is
available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-3 images. Several
algorithms are available for the land cover classification. This plugin requires the
installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please
visit https://fromgistors.blogspot.com .

TITTIY 435 rating vote(s), 762194 downloads

Category Raster

Uparade All Uninstall Plugin | | Reinstall Plugin |

Close | Help |
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2.3.4 Configuration of the plugin

Now, the Semi-Automatic Classification Plugin is installed and a dock and a toolbar should be added to
QGIS. Also, a SCP menu is available in the Menu Bar of QGIS. It is possible to move the toolbar and
the dock according to your needs, as in the following image.

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh SCP Processing Help
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0.010000
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£ - D Training input m b Filter [EOPPT AN Active band set 1 || Date NaT Root directory %
T - -

ROI & Signature list ¥ [Banieg Band setta - =
[#) l,, Download products Band name Center wavelength Multiplici
= |Fite » {= Basic tools 1 i . [+ E:S
2 » [+ Ppreprocessing T
E‘ MCID ~ CID Name Type Col » % Band processing =
g E\n » @ Postprocessing
= 2 B Band calc n
[ ] HE] ® script
2 - v 2% Settings n
s =] Debug “
B Interface — !
o Processing setting
= Z[E ser manual
8- & Help =
- = [ About m
= x|
- E¥
e
== (g W
9 MCID | 1|2 MCName Macroclass 1 |
. Band quick settings
CID | 1|2/ CName (Class1 i
Wavelength| Band order ~ Ml wavelen band nusabe| 202 -
 mucsave  sigraure aaw
- 5 -
= EE = Create virtual raster — Create raster of ban Bulld band overviea[ ] Band calc expressio | run [
ScPDock | Layers 0 m of band set (stack bands) P 75
Q Type to locate (Ctri+K) & - L =2 - -

The configuration of available RAM is recommended in order to reduce the processing time. From the

SCP menu (page 29) select ’X Settings > Processing .
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el Processing Help

g Band set

& Download products

o Basic toals b
[+ Preprocessing b
W3 Band processing b
& Postprocessing b
B Band calc

B Script
W= Spectral plot
[t Scatter plot

=)= User manual

Debug

Interface

Processing setting

In the Hanawmysarnns (page 109), set the Available RAM (MB) to a value that should be half of the
system RAM. For instance, if your system has 2GB of RAM, set the value to 1024MB.

Semi-Automatic Classification Plugin

|Filter . a
ystern =
# Band set g
4 Download products Available RAM (MB) | 1024 |
-
» 1. Basic tools - 0]
b CPU threads | 2[4 | *
» [+ Preprocessing =
» dp Band processing Calculation process =
» @ Postprocessing V| Play sound when finished V| Raster compression
B Band calc
P script SMTP process notification
~ #% Settings |SMTP server user password
Debug
Interface V| remember
Processing settin,
< 9 Send email of completed process to
£|z User manual
= Help Temporary directory
[ About ~ e |
] o
External programs
GDAL installation directory
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2.3.5 Update of required dependencies

The dependency Remotior Sensus is frequently updated. The Semi-Automatic Classification Plugin can
check automatically if a new version is available, and display a message in the SCP dock (page 31).

SCP Dock ()

= & =B % dE R

MNews

input rﬂ Home

A new version of Remotior Sensus is available.
It is recommended to close QGIS and update Remotior Sensus following the same installation steps

described in Installation of required dependencies (page 16) .

2.4 Installation in macOS

2.4.1 QGIS download and installation

e Download the latest QGIS version from here ;

o Execute the QGIS installer with administrative rights, accepting the default configuration.

Now, QGIS is installed.

Qu —QGIs g X
DEBR&EY O 2LH LatOR B-D- & $ X[ -m-y

LA YA - &® o

Layers @@=

“@® T -FBO

Q. Type to locat (Crl+) Ready Coordinate| 0,266° 0,206 | Scale| 1:1685323 | v | (@ Magnifier | 100% | Rotaton [0,0° 3|V Render @epsciaize @
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2.4.2 Installation of required dependencies
The Semi-Automatic Classification Plugin requires Remotior Sensus, GDAL, NumPy and SciPy for most
functionalities. Optionally, scikit-learn and PyTorch are required for machine learning.
Therefore, we need to install the dependencies that are not included in the QGIS installation.
e Close QGIS;
e Open the terminal (administrative rights may be required);

e Type the following command (you may need to adapt the path /Applications/QGIS.app to the
actual QGIS installation directory):

/Applications/QGIS.app/Contents/Mac0S/bin/pip3 install --upgrade remotior-sensus
—scikit-learn torch

or in case you installed QGIS LTR:

/Applications/QGIS-LTR.app/Contents/Mac0S/bin/pip3 install --upgrade remotior-sensus,
—scikit-learn torch

ITopama: In case of error messages such as scikit-learn is already installed, you can just run /
Applications/QGIS.app/Contents/Mac0S/bin/pip3 install --upgrade remotior-sensus torch

Follow the same procedure for updating the dependencies.

ITopana: In case the library Remotior Sensus is not found, an automatic procedure will try to download
it in the plugin directory, allowing for using the main functions of the Semi-Automatic Classification
Plugin; however, this is not recommended as library Remotior Sensus won’t be updated, and scikit-learn
and PyTorch functions will not work. Alternatively, one may follow Advanced installation using Conda

(page 24).

2.4.3 Semi-Automatic Classification Plugin installation

e Run QGIS;
e From the main menu, select Plugins > Manage and Install Plugins;

! Untitled Project — QGIS

Project Edit View Layer Settings Juls)g=8 Vector Raster Database Web Mesh Processing Help

=] Y Manage and Install Plugins... =
D L ﬁ Ha 4 |

5 #_ Python Console Cirl+alt+P

e From the menu A11, select the Semi-Automatic Classification Plugin and click the button Install
plugin;
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«! Plugins | All (732) | x|
‘ Al | Q search... |
% Search Layers e - . S = - E =
—— Semi-Automatic Classification Plugin
& Seismic Positioning Data Importer
R # Select by relationship The Semi-Automatic Classification Plugin (SCP) allows for the
_ 2 Select Within supervised dassification of remote sensing images, providing tools
Install from ZIP |l Semi-Auto ion Plugin for the download, the preprocessing and postprocessing of
& Sen2Cor Adapter images_
'ﬁ Settings # Send2GE
# Sentinel-2 Download Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
% SentinelHub the supervised classification of remote sensing images, providing tools for the
& Serval download, the preprocessing and postprocessing of images. Search and download is

available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-3 images. Several
algorithms are available for the land cover classification. This plugin requires the
installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please

- Servidos WMS - IDES Cali
= Shape Tools

% Shapefile Encoding Fixer visit https://fromgistors.blogspot.com .
# ShLocator
# shptoobs 7 435 rating vote(s), 762194 downloads
& Simple WCS 2
SimpleSw
HSLDE‘:r tge A Tags raster, analysis, landsat, land cover, landscape,
* e classification, remote sensing, mask, accuracy, clip,
& Sleuth Inputs spectral signature, supervised classification, sentinel 1
& SLYR {Community Edition) S . . s " I
# Snal <|[. Upgrade Al | Dstlflgn |

| Close || Help |

e The SCP should be automatically activated; however, be sure that the Semi-Automatic Classificati-
on Plugin is checked in the menu Installed (the restart of QGIS could be necessary to complete
the SCP installation);

2 Plugins | All (732) N x|
‘ Al |:| Plugin installed successfully 0
| Q, search... |
3 3 Search Layers = 2 = i = o |E-
Vi . - - Semi-Automatic Classification Plugin @
% Seismic Positioning Data Importer | = |
- R e | || The Semi-Automatic Classification Plugin (SCP) allows for the
& Select Within | | supervised dassification of remote sensing images, providing tools
B e R T | | for the download, the preprocessing and postprocessing of
= Sen2Cor Adapter | images_
5 Send2GE |
@ Sentinel-2 Download | || Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
& SentinelHub | the supervised classification of remote sensing images, providing tools for the
& Serval i download, the preprocessing and postprocessing of images. Search and download is

available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-2 images. Several
algorithms are available for the land cover classification. This plugin requires the
installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please
visit https://fromgistors.blogspot.com .

= Servidos WMS - IDES Cali
= Shape Tools i
5 Shapefile Encoding Fixer
% ShLocator |
= shptocbs

= Simple WCS 2

5 SimpleSvg

reTr—— Category Raster =
5 Sleuth Inputs
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|=|| Upgrade Al |Uninst3|| Flugin | | Reinstall Flugin |

[t |

2.4.4 Configuration of the plugin

Now, the Semi-Automatic Classification Plugin is installed and a dock and a toolbar should be added to
QGIS. Also, a SCP menu is available in the Menu Bar of QGIS. It is possible to move the toolbar and
the dock according to your needs, as in the following image.
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The configuration of available RAM is recommended in order to reduce the processing time. From the
SCP menu (page 29) select ;4 Settings > Processing .
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In the Hanawmysarnns (page 109), set the Available RAM (MB) to a value that should be half of the
system RAM. For instance, if your system has 2GB of RAM, set the value to 1024MB.

Semi-Automatic Classification Plugin
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Debug
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2.4.5 Update of required dependencies

The dependency Remotior Sensus is frequently updated. The Semi-Automatic Classification Plugin can
check automatically if a new version is available, and display a message in the SCP dock (page 31).

SCP Dock ]

= L B %» dE R

MNews

Home

A new version of Remotior Sensus is available.

input

It is recommended to close QGIS and update Remotior Sensus following the same installation steps
described in Installation of required dependencies (page 21) .

2.5 Advanced installation using Conda

2.5.1 QGIS download and installation with the dependencies
The Semi-Automatic Classification Plugin requires Remotior Sensus, GDAL, NumPy and SciPy for most
functionalities.

QGIS and the dependencies can be installed using a Conda environment (if you don’t know Conda please
read https://conda-forge.org/docs). For instance, you can use Miniforge to create a Conda environment.

Once installed conda, open the terminal and run the following commands to create a new environment:
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$ conda create -c conda-forge --name environment python=3.10

Proceed ([yl/n)? y
$ conda activate environment

Now install QGIS and the dependencies (it could take some time):

[$ conda install -c conda-forge qgis gdal remotior-sensus scikit-learn pytorch }

Now, QGIS is installed. To launch it run in the terminal:

[$ qgis }
@ Untitled Project —QGIS = a
DEBm&EY O 2o R e O B-S- R E¥ I -
AV AmER - R 2
Layers @@

o« [ ® T, P - o]

cate (Ctrl+K) Ready Coordinate| 0,266° 0,206° | Scale| 1:1685323 | ~ | @ Magnifier | 100% +| Rotaton [0,0° +| [V Render @Epsciazze @

2.5.2 Semi-Automatic Classification Plugin installation

e Run QGIS;

e From the main menu, select Plugins > Manage and Install Plugins;

! Untitled Project — QGIS

Project Edit View Layer Settings Juls)g=8 Vector Raster Database Web Mesh Processing Help
@

D 1 =] ma

e From the menu A11, select the Semi-Automatic Classification Plugin and click the button Install
plugin;

3¢ Manage and Install Plugins...

| &, Python Console Cirl+alt+P
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_ 2 Select Within supervised dassification of remote sensing images, providing tools
Install from ZIP |l Semi-Auto ion Plugin for the download, the preprocessing and postprocessing of
& Sen2Cor Adapter images_
'ﬁ Settings # Send2GE
# Sentinel-2 Download Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
% SentinelHub the supervised classification of remote sensing images, providing tools for the
& Serval download, the preprocessing and postprocessing of images. Search and download is

available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-3 images. Several
algorithms are available for the land cover classification. This plugin requires the
installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please

- Servidos WMS - IDES Cali
= Shape Tools

% Shapefile Encoding Fixer visit https://fromgistors.blogspot.com .
# ShLocator
# shptoobs 7 435 rating vote(s), 762194 downloads
& Simple WCS 2
SimpleSw
HSLDE‘:r tge A Tags raster, analysis, landsat, land cover, landscape,
* e classification, remote sensing, mask, accuracy, clip,
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& SLYR {Community Edition) S . . s " I
# Snal <|[. Upgrade Al | Dstlflgn |

| Close || Help |

e The SCP should be automatically activated; however, be sure that the Semi-Automatic Classificati-
on Plugin is checked in the menu Installed (the restart of QGIS could be necessary to complete
the SCP installation);

2 Plugins | All (732) N x|
‘ Al |:| Plugin installed successfully 0
| Q, search... |
3 3 Search Layers = 2 = i = o |E-
Vi . - - Semi-Automatic Classification Plugin @
% Seismic Positioning Data Importer | = |
- R e | || The Semi-Automatic Classification Plugin (SCP) allows for the
& Select Within | | supervised dassification of remote sensing images, providing tools
B e R T | | for the download, the preprocessing and postprocessing of
= Sen2Cor Adapter | images_
5 Send2GE |
@ Sentinel-2 Download | || Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for
& SentinelHub | the supervised classification of remote sensing images, providing tools for the
& Serval i download, the preprocessing and postprocessing of images. Search and download is

available for ASTER, Landsat, MODIS, Sentinel-2, and Sentinel-2 images. Several
algorithms are available for the land cover classification. This plugin requires the
installation of GDAL, OGR, Numpy, SciPy, and Matplotlib. For more information please
visit https://fromgistors.blogspot.com .
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2.5.3 Configuration of the plugin

Now, the Semi-Automatic Classification Plugin is installed and a dock and a toolbar should be added to
QGIS. Also, a SCP menu is available in the Menu Bar of QGIS. It is possible to move the toolbar and
the dock according to your needs, as in the following image.
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The configuration of available RAM is recommended in order to reduce the processing time. From the
SCP menu (page 29) select ;4 Settings > Processing .

Processing Help
g Band set

& Download products

- Basic tools b
[+ Preprocessing 3
W3 Band processing b
& Postprocessing b
B Band calc

P Script

e Spectral plot

[t Scatter plot

=)= User manual Interface

{8} Help Processing setting
7 About

]

s || Show plugin

2.5. Advanced installation using Conda 27



Semi-Automatic Classification Plugin Documentation, Peni3 8.1.3.1

In the Hanawmysarnns (page 109), set the Available RAM (MB) to a value that should be half of the
system RAM. For instance, if your system has 2GB of RAM, set the value to 1024MB.

Semi-Automatic Classification Plugin

a

[ system . S

# Band set R g
4 Download products Available RAM (MB) 1024 |2

» = Basic tools = &

CPU threads 2 (¥ -

» [-> Preprocessing T

=

» dp Band processing Calculation process

»  Postprocessing

v Play sound when finished + Raster compression
B Band calc
] Script SMTP process notification
- 3‘ Settings |SMTP server user password
Debug
Interface V| remember
Processing settin
9 9 Send email of completed process to
Z|z User manual
ﬁ: Help Temporary directory

[7 About
| [4
External programs

GDAL installation directory

2.5.4 Update of required dependencies

The dependency Remotior Sensus is frequently updated. The Semi-Automatic Classification Plugin can
check automatically if a new version is available, and display a message in the SCP dock (page 31).

SCP Dock ]

= L B %» dE R

MNews

Home

A new version of Remotior Sensus is available.

input

It is recommended to close QGIS and update Remotior Sensus using activating the conda environment
and running the command:

[$ conda update -c conda-forge remotior-sensus ]
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The Interface of SCP

The SCP interface is composed of several parts that are described in detail in the following paragraphs.
The following video provides a brief introduction to the tools.

https://www.youtube.com /watch?v=gvSSO5LPw8s

3.1 SCP menu

The SCP menu allows for the selection of the main functions of the Main Interface Window (page 45),
the Spectral Signature Plot (page 114), and the Scatter Plot (page 118).

29
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g Band set

& Download products
" Basic tools

[+ Preprocessing

w3 Band processing
@ Postprocessing

B Band calc

P Script

e Spectral plot

[ Scatter plot

&% Settings

=|z User manual

: | Show plugin

Fig. 1: SCP menu
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Band set (page 45)
Download products (page 48)
2~ Basic tools (page 53)
[-h Iepedobpodnerns (page 62)
Q Band processing (page 75)
Q ITicanobpobaerns (page 92)
Band cale (page 99)
- Seript (page 108)
M Hanawmysanns (page 109)
Spectral Signature Plot (page 114)
Scatter Plot (page 118)
=I= User manual: open the online user manual in a web browser

*=*  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
Abou Information about the plugin

2 Show plugin: show all the SCP toolbars and dock if previously hidden

3.2 SCP dock

The SCP dock allows for the the creation of ROIs (Regions Of Interest) and spectral signatures required
for the classification of a Band set (page 45). The Training input (page 33), created with SCP, stores
the ROI polygons and spectral signatures; depending on the algorithm, the training could be performed
using ROI polygons (e.g. Random Forest (page 143)) or spectral signatures (e.g. Kapmoepagysarms
cnexmpanvrozo kyma (page 139)).

ROIs are polygons used for the definition of the spectral characteristics of land cover classes. Spectral
signatures of classes are calculated from the ROIs or can be imported from other sources (see Import
signatures (page 54)). 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 (page 41). These are temporary ROI polygons
because the ROI creation is an interactive process, and one can refine the geometry according to photoi-
nterpreation. Then, one can save temporary ROI polygons in the Training input (page 33) which is the
actual input for classifications.

The Training input (page 33) is composed of a vector part that stores the geometries and a spectral
signature part, which are managed by SCP. A temporary layer is added to QGIS but the actual file is
saved and modified during the editing in SCP.

In SCP, land cover classes (and ROIs) are defined with a system of Classes (Class ID) and Macroclasses
(Macroclass ID) (see Kaacu ma maxporaacu (page 136)) 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 Information (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 (page 76). Using Macroclass ID instead of Class ID is useful to group materials that
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To cite the Semi-Automatic Classification
Plugin in your work:

Congedo, Luca, (2021). Semi-Automatic
Classification Plugin: A Python tool for the
download and processing of remote sensing
images in QGIS. Journal of Open Source
Software, &(&4), 3172, https://doi.org/
10.21105/joss.03172
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Fig. 2: SCP dock
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belong to the same land cover class but have spectral signatures that are distant enough to be considered
as different materials (e.g., different types of vegetation).

The classification can be performed for the entire image (see Algorithm (page 76)) or for a part of it
creating a Classification preview (page 44).

The SCP dock contains the following tabs:

e Home (page 33)
— SCP news (page 33)

e Training input (page 33)
— ROI & Signature list (page 36)
e ROI options (page 41)

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:

Band set (page 45)

FEW

Basic tools (page 53)
Download products (page 48)
ITepedobpobaenns (page 62)

Band processing (page 75)

L R AOr

ITicanobpobaenns (page 92)

Band calc (page 99)

Seript (page 108)

SCP news

This section displays news about the SCP and related services. News are downloaded on startup (internet
connection required). It can be enabled or disabled in the settings Hasawmysanns (page 109).

3.2.2 Training input

This tool allows for the creation of the training input file (.scpx ) required for storing ROIs and spectral
signatures. The training input file is created according to the characteristics of the active band set defined
in Band set (page 45). 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.
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Congedo, Luca, (2021). Semi-Automatic
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Fig. 4: Training input
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Tool Description
symbol

and

name

ﬂ open a training input file; ROIs and spectral signatures are loaded in ROI & Signature list
(page 36); the vector part of the training input is loaded in QGIS

|:i create an empty training input file (.scpx); the vector part of the training input is loaded
in QGIS; also a backup file is created (a file .scpx.backup in the same directory as the file
.scpx) when the QGIS project is saved; to use the backup file simply rename it deleting the
ending .backup extension and open it as training input

Trai- it displays the path to the training input file

EH remove the training input

The training input is displayed in QGIS as vector file. ROIs and spectral signatures are displayed in the
ROI & Signature list (page 36).

ITontepemkennsi: 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.

ROl & Signature list

The tab ROI & Signature list displays the ROI polygons and spectral signatures contained in the training
input file. The tab ROI & Signature list is structured as tree list, where every ROI is grouped in the
corresponding Macroclass.

A filter for names can be defined in Filter T,

The tree list ROI & Signature list has the following fields:

e MC ID: Macroclass ID is the root of corresponding ROIs and signatures; it can be edited with a
single click; if the ID of a spectral signature is set 0, then pixels belonging to this signature are
labelled as unclassified; every listed ROIs or signatures has a selection checkbox (only the spectral
signatures checked in this list are used for the classification process);

C ID: Class ID; it can be edited with a single click;

Name: Macroclass and Class Name; it can be edited with a single click;

Type: type of the item:
— R = only ROI polygon;
— S = only spectral signature;
— RS = both ROI and spectral signature;

e 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;
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Changes in the ROI & Signature list are applied to the file Training input (page 33) only when the QGIS

|
project is saved (but there is also the option LJ Autosave). ROIs can be edited, deleted and merged
from this list.

MCID ~ CID Mame Type Color
-1 Water
¥/ 1 1 Lake R&S
v 1 7 Lake2 R&S
-2 Built-up
v 2 2  Buildings R&S
v/ 2 8  Small buildings R&S
-3 Vegetation
v 3 3 Crops R&S
v 3 5  Vegetation R&S
v 3 6 Vegetation2 RE&S
- 4 Bare soil
v 4 4 Low vegetation R&S

Fig. 5: ROI & Signature list example

ITopanma: According to Algorithm (page 76), classifications performed using C' ID have the colors defined
for classes in the ROT & Signature list (page 36); classifications performed using MC ID have the colors
defined for the macroclasses.

If an item is a ROI polygon, double click the item to zoom to that ROI in the map. Items in the list can
be highlighted with the mouse left click.

ITopaga: ROIs and spectral signatures can be imported from other sources (see Import signatures
(page 54)) and exported (see Export signatures (page 53)).

The following tools are available.

Tool symbol  Description
and name

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

calculate spectral signatures of highlighted ROIs using the active band set in Band set
(page 45)

delete highlighted ROIs and signatures

show the ROI spectral signature in the Spectral Signature Plot (page 114); spectral
signature is calculated from the Band set (page 45)

add highlighted ROIs to the Scatter Plot (page 118)

open the tab Import signatures (page 54)

BRiL ND B P

open the tab Ezport signatures (page 53) and export highlighted items

ROI & Signature list is complementary to the Working toolbar (page 41) and it allows for saving ROIs
to the Training input (page 33) defining classes and macroclasses. A Band set (page 45) must be defined
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before the ROI creation, and ROI polygons must be inside the area of the Band set.

Tool Description
symbol
and
name
MC ID ROI Macroclass ID

v

@
e ROI Macroclass Name
Name

T

o
C ID ROI Class ID

T

L
c ROI Class Name
Name

T

L
[

n undo of ROT creation from the Training input (page 33); it is possible to undo a maximum

of 10 actions

4

] redo ROI creation in the Training input (page 33)
v

if checked, automatically save the ROI & Signature list to the Training input (page 33)
Autosave every time a ROI is saved

L

o

= Si- if checked, while saving a ROI, the spectral signature thereof is calculated (from Band set
gnature  (page 45) pixels under ROI polygon) and saved to Training input (page 33) (calculation
® time depends on the band number of the active band set in Band set (page 45))

E save the temporary ROI to the Training input (page 33) using the defined classes and
macroclasses; ROI is displayed in the ROI & Signature list (page 36)

Right click menu

A right click on ROI & Signature list (page 36) allows for opening a menu containing several functions
to manage ROIs and spectral signatures.
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{2 Zoom to

Wil Check/uncheck

[= Clear selection
Collapsefexpand all

Change MC ID

Change color

F#y Merge items

[[}] caleulate signatures

& Delete itermns

= Add to spectral plot

(e Add to scatter plot

FE Properties

¥ Import

Export

Fig. 6: Right click menu

3.2. SCP dock
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Tool Description
symbol
and name
D zoom to highlighted items (if ROI polygons) in the map
Zoom to

ﬂ check or uncheck highlighted items

Check/unc

— clear selection of highlighted items

Clear
selection

2 collapse or expand all macroclasses

Collapse/e

all

2 edit the macroclass of highlighted items (using the value MC ID v ! displayed in ROI
Change ¢ Signature list (page 36)); if a macroclass is selected, the function is performed to all
MC ID the included items
? select a color for the highlighted items; if a macroclass is selected, the function is performed

Change to all the included items

color
E\:] merge highlighted spectral signatures or ROIs obtaining a new signature calculated as the
Merge average of signature values for each band (covariance matrix is excluded); if a macroclass
items is selected, the function is performed to all the included items

l-m calculate spectral signatures of highlighted ROIs using the active band set in Band set
Calculate  (page 45); if a macroclass is selected, the function is performed to all the included items
St-
gnatures

= delete highlighted ROIs and signatures; if a macroclass is selected, the function is
Delete performed to all the included items;

items
% show the ROI spectral signature in the Spectral Signature Plot (page 114); spectral si-
Add  to gnature is calculated from the Band set (page 45); if a macroclass is selected, the function
spectral is performed to all the included items
plot

af

2. Add add highlighted ROIs to the Scatter Plot (page 118); if a macroclass is selected, the
to scatter function is performed to all the included items
plot

& show the properties of highlighted items;

Properti-

es

h& open the tab Import signatures (page 54)

Import

bl open the tab Export signatures (page 53) and export highlighted items

Ezxport
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3.2.3 ROI options

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

Tool  Description
symbol

and

name

— if the ROI creation pointer is active (see Working toolbar (page 41)), the pixel value of selected

Di- vegetation index is displayed on the map; vegetation indices available in the combo box are:

splay  * 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 (page 45); *
Custom; use the custom expression defined in the following line

set a custom expression; expression is based on the Band set and bands such as band 1 is
@ referred to as «bl», band 2 as «b2» and so on; also reference to band names such as «#NIR#»
or «#RED#» can be used

— if checked, temporary ROI is created with region growing using only one Band set (page 45)
Rapid band (i.e.region growing is rapider); the band is defined by the Band set number; if unchecked,
ROI  ROL is the result of the intersection between ROIs calculated on every band (i.e. region growing
b. is slower, but ROI is spectrally homogeneous in every band)

1w

~ calculate automatically the temporary ROI spectral signature and display it in the Spectral
Auto-  Signature Plot (page 114) (MC Name of this spectral signature is set tempo_ROI)
plot

v

— calculate automatically a new temporary ROI while Region growing parameters in the Working
Auto-  toolbar (page 41) are being changed

refresh

ROI

Mazxi- defines the maximum number of action for undo and redo ROIs; the higher is the number,
mum  the more is the required memory

trai-

ning

buffer

v

3.3 Working toolbar

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

e Image control (page 43)
e Temporary ROI (page 43)

e Classification preview (page 44)

The functions are described in detail in the following paragraphs.
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3.3.1 Image control

Tool Description
symbol

and

name

it show the Main Interface Window (page 45)

@ zoom the map to the extent of the active band set in Band set (page 45);
L]

= use the button to show/hide the active band set in Band set (page 45) in the map; from the
RGB=list select a Koavoposui xomnosum (page 134) that is applied to the Band set (page 45);
L 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 cumulati-
ve count of current map extent

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

3.3.2 Temporary ROI

A temporary ROI is a temporary polygon displayed in the map, which can be saved permanently in the
Training input (page 33). A temporary ROI can be drawn manually or using a A.nzopumm Hapowysarta
obnacmi (page 135) (i.e. the image is segmented around a pixel seed including spectrally homogeneous

pixels).

Tool Description
symb

and

name

D zoom the map to the extent of temporary ROI
2/ use the button to show /hide the temporary ROI and the Training input in the map

x

%, 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 temporary 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 band set in the Spectral Signature Plot (page 114); 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
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growing algorithm on the Band set (page 45):

Tool Description

symbol

and

name

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

Min set the minimum area of a ROI (in pixel unit); this setting overrides the Range radius until
Tw 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
Max set the maximum width of a ROI (i.e. the side length of a square, centred at the seed pixel,
Tv which inscribes the ROI) in pixel unit

L

3.3.3 Classification preview

Classification preview allows for displaying temporary classifications (i.e. classification previews). Classi-
fication previews are useful for testing the algorithm in a small area of the Band set (page 45), before
classifying the entire image which can be time consuming.

Classification preview is performed according to the parameters defined in Algorithm (page 76).

ITonepemxkennsi: ROIs and previews are performed on the active Band set (page 45).

After the creation of a new preview, old previews are placed in QGIS Layers inside a layer group named
Class_temp_group and are deleted when the QGIS session is closed.

ITontepemkennsi: 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.
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Tool symbol  Description
and name

zoom the map to the extent of the last Classification preview (page 44)

.
—' Previ- use the button to show /hide the last Classification preview (page 44) in the map

— activate the pointer for the creation of a Classification preview (page 44); left click the
map to start the classification process and display the classification preview

|

—(-) | create a new Classification preview (page 44) centred at the same pixel as the previous
one

T L% change dynamically the classification preview transparency, which is useful for compari-
ng the classification to other layers

S vl size of the preview in pixel unit (i.e. the side length of a square, centred at the clicked

@ pixel)
KML

create a KML file of the QGIS view

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 tree menu at the left side or from the SCP menu (page 29).

3.4.1 Band set

Band set definition (page 46)

Band quick settings (page 47)

Band set table (page 48)

Band set tools (page 48)

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

Band sets are identified by numbers. The active band set (i.e. the one selected in Band set definition
(page 46)) is used as input for several tools in SCP dock (page 31) and the Working toolbar (page 41).
Other SCP tools allow for the selection of band set numbers.

The Band set definition is saved with the QGIS project.

ITopama: Information about APIs of this tool in Remotior Sensus at this link .

Following a video tutorial about this tool.

https:/ /www.youtube.com/watch?v=DQXfBPke2J4
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Semi-Automatic Classification Plugin

Filter Active band set 1 Date NaT Root directory ?
# Band set Band set table ' =
4 Download Band name Center wavelength Multiplicative Factor Additive Factor Wavelength unit

» = Basictools |1 &
+ [+ Preproces: 3
+ W Band proc =
4 Q Postproce:
B4 Band calc
@ script n
» #% Settings
Z[E User manu n
(o Help .
[7 About “
=
4
L
‘ vl
Band quick settings
Wavelength| Band order - ' Wavelength unit band number ~ |Date| 2020-01-01) =
Band set tools
ﬁ = ¥ Create virtual raster Create raster of band set Build band n Band cal " RUN
= R ofband sec e ok uild band overviews | | Band calc expressions E?
-
Fig. 9: Band set

Band set definition

A band set is basically a list of bands defined as the following table.

Band name Center Multiplicati- Additive Wavelen; Path Date
wavelength ve Factor Factor unit

name of the band center of the multiplicati- additive waveleng relative image

(it cannot be edi- wavelength  of ve rescaling rescaling unit path of the acquisiti-

ted) the band factor factor raster on date

It is possible to add to the active band set one or more bands already loaded in QGIS, or select files that
are not loaded. A Date can be assigned to a band set which can be later used in other tools to select
band sets by date. Also, a Root directory for band paths can be defined, which can be useful to create
projects with relative paths.

The following tools are available.
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Tool symbol and Description
name

open file explorer and add raster files (preferably single band raster) to the active
band set

open a window to select rasters already loaded in QGIS and add them to the
active band set

move highlighted bands upward

move highlighted bands downward

sort automatically bands by name, giving priority to the ending numbers of name
remove highlighted bands from the active band set

clear all bands from active band set

import a previously saved active band set from file

=€ 10200 8 5

export the active band set to a file

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.

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

Band quick settings

These tools allow for quickly set attributes of the active band set.

Tool symbol and name Description

Wavelength > rapid definition of band center wavelength for the
following satellite sensors: * Band order * ASTER
* GeoEye-1 * GOES * Landsat 8 OLI * Landsat
7 ETM+ * Landsat 4-5 TM * Landsat 1, 2, and
3 MSS * MODIS * Pleiades * QuickBird * Rapi-
dEye * Sentinel-2 * Sentinel-3 * SPOT 4, 5, and
6 * WorldView-2 and WorldView-3

ﬂ open a csv file of wavelength values (center
wavelength separated by comma or new line)

Wavelength unit >
select the wavelength unit among:

e Band number: no unit, only band
number

e um: micrometres

e nm: nanometres

Date M0 set the date of acquisition
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Band set table

The table on the left side is the Band set table. It includes the list of all the defined band sets (the names
of the first bands are displayed), which can be selected with a left click. Double click on a table item can
be used to define the Active band set.

A Filter can be used to display band sets in the table matching a name.

The following tools are available for managing band sets.

Tool symbol and Description

ﬁ add a new empty band set
= remove highlighted band sets
I’rll sort band sets by date

move highlighted band sets upward

u move highlighted band sets downward
@ display the RGB color composite of selected band sets (a virtual raster is added
in QGIS)

Band set tools

Band set tools are tools that can be executed directly on Active band set. Multiple tools can be selected by
the corresponding check box. This can also be useful to automate the processing during image conversion.

Tool symbol and name Description

. Create virtual raster of band set create a multiband virtual raster of Active band set
L4 Create raster of band set (stack bands) stack bands in a single multiband raster

. Build band overview build band overview of Active band set

. Band calc expression execute the expression defined in Band calc (page 99)

execute selected tools

3.4.2 Download products

e Scarch (page 49)
— Search parameters (page 50)
— Product list (page 51)
— Download (page 52)

e Login data (page 52)

— Login Harmonized Landsat Sentinel-2 (page 53)
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— Login Copernicus Data Space Ecosystem (page 53)

Semi-Automatic Classification Plugin

o
Search 4 Login data F
#F Band set o o )
I
+ . Basictools c]
» [ preproces: | UL xiLon) ¥ Lat) LR |X (Lon) Y (Lat) ®) Show I
» & Band proc| =
Products | Sentinel-2 - Date from 2022-02-17 + to 2022-09-10 ~ Max cloud cover (%) | 100 |
3 Q Postproce:
[ Band calc Results | 20 2| Advanced search Find @
I script
b #% Settings osM  Add OpenStreetMap to the map (© OpenStreetMap contributors. The cartography is licensed as CC BY-SA, Tile Usage Policy)
|z User manu
[Z avout product image product_id acquisition_date  clou (i
P
Preview w
0
‘ b
Download
Bands V1 V2 V3 V4 Vs v V7 VI8 visa W9 vito Wit W2 Y Andlarydaa (=
| Only if preview in Layers v Preprocess images Load bands in QGIS virtual download # run P

Fig. 10: Q Download products

The tab ‘k‘ Download products includes the tools for searching and downloading free remote sensing
images. The search and download is performed through Remotior Sensus. Also, automatic conversion to
reflectance of downloaded bands is available.

Ilopaga: Information about APIs of this tool in Remotior Sensus at this link .

An internet connection is required and free registration could be required depending on the download
service.

Following a video tutorial about this tool.

https://www.youtube.com/watch?v=NwL2{5Nrn3U

Search

The Search tool allows for searching and downloading:

e Sentinel-2: Copernicus Sentinel-2 images (Level-1C and Level-2A) acquired from 2015 to present
days;

e Landsat_ MPC': Landsat Collection images acquired from August 1982 to present days, such as
Landsat 5, 7, 8, 9 (data retrieved from Microsoft Planetary Computer);

e Sentinel-2_ MPC': Copernicus Sentinel-2 Level-2A acquired from 2015 to present days (data retri-
eved from Microsoft Planetary Computer);

o Landsat HLS: Landsat from Harmonized Landsat Sentinel-2 by NASA which are surface
reflectance data product (generated with Landsat 8, Landsat 9, and Sentinel-2 data acquired from
2013 to present days) with observations every two to three days at 30m spatial resolution (more
information about the project);

o Sentinel-2_HLS: Sentinel-2 from Harmonized Landsat Sentinel-2 by NASA which are surface
reflectance data product (generated with Landsat 8, Landsat 9, and Sentinel-2 data acquired from
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2013 to present days) with observations every two to three days at 30m spatial resolution (more
information about the project);

e MODIS 09Q1 MPC: MODIS Surface Reflectance 8-Day (250m) (data retrieved from Microsoft
Planetary Computer);

e MODIS 11A2 MPC: MODIS Land Surface Temperature 8-Day (data retrieved from Microsoft
Planetary Computer);

o ASTER MPC: ASTER L1T (data retrieved from Microsoft Planetary Computer);

e Copernicus_ DEM 30 MPC'": Copernicus DEM GLO-30 (data retrieved from Microsoft Planetary
Computer);

The download of Harmonized Landsat Sentinel-2 requires credentials defined in Login data (page 52).

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 fewer the results, the faster is the query).

The definition of a search area is required before searching the images.

Tool symbol Description
and name
UL ! set the UL longitude X (Lon) and the UL latitude Y (Lat)
Tv
LR ! set the LR longitude X (Lon) and the LR latitude Y (Lat)
v
L]
—' 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 set the starting date of acquisition
1980 v
tip MELRS set the ending date of acquisition
Max  cloud maximum cloud cover in the product
cover (%)
i
Results '~ maximum number of products returned by the search
Advanced_ . some services (e.g. Sentinel-2) allows for entering search parameters; for instance, it is
search | T possible to enter the name of a granule (e.g. 33TTG)
Filter |..T set a filter such as the Product ID (e.g. LC81910312015006LGN00); it is possi-

Find @

ble to enter multiple Product IDs separated by comma or semicolon (e.g.
LC81910312015006LGNO0, LC81910312013224LGNOO ); filter is applied to resulting
products in the search area

find the products in the search area; results are displayed inside the table in Product
list (page 51); results are added to previous results

W this button allows for the display of OpenStreetMap tiles ( (©) OpenStreetMap contri-
OpenStreetM: butors) in the QGIS map as described in https://wiki.openstreetmap.org/wiki/QGIS
to the map . The cartography is licensed as CC BY-SA (Tile Usage Policy )
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ITopana: 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 the item) to display
the image preview thereof (not all the products include image previews). Resulting products are saved
with the QGIS project.

The table includes the following fields.

prodL imag prodi acqui cloud zone p row min_ min_ max_ max_ collec si-  previ- uid ref url
siti- on ze ew
on d
the the the the percer the the mi- mi- maxi maxi collec prod URL ident reference
prodi imag ID  acqui of zone WRS ni- ni- mum mum on  si-  of fier URL
name name of si- cloud or row mum mum lati- longi- code ze the of
(e.g., the ti- cover WRS lati- longi tude tude prod the
Senti prod on in path tude tude of of previ item
2) date the  depend of of the the ew
of produ ng on the the prod prod:
the the prod: prodr
prodi produc

type

The following tools are available.

Tool

symbol  Description
and name

4

=
[
1
1

x

display preview of highlighted images in the map; preview is roughly georeferenced
on the fly (not all the products include a preview)

remove highlighted images from the list
remove all images from the list
import the product list from an XML file

export the product list to an XML file
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Download

Download the products in the Product list (page 51). During the download it is recommended not to

interact with QGIS.

Depending on the download service, it is possible to select single bands for download.

Tool symbol and Description
name
L_\ﬂ Band X select bands for download

L_*-ﬂ Ancillary data

l

l‘-fJ Only if preview

in Layers

L4

images

Preprocess

L-f—-‘l Load bands in
QGIS

*
RUN P

if checked, the metadata files are selected for download

select or deselect all bands

if checked, download only those images listed in Product list (page 51) which
are also listed in the QGIS layer panel

if checked, bands are automatically converted after the download

if checked, bands are loaded in QGIS after the download

export the download links to a text file (.csv)

start the download process of all the products listed in Product list (page 51)

Login data

Semi-Automatic Classification Plugin

- O semth & Loging B

earc A Logindata 3

#f Band set Y g
_J: ot o FRREIELE Login Harmonized Landsat Sentinel-2 (https:/furs.earthdata.nasa.gov)

» i~ Basic tools @

» [-v Preprocessing User Password remember I

=

» W Band processing
» &g Postprocessing

Login Copernicus Data Space Ecosystem (https://dataspace.copernicus.eu/)

B Band calc User Password remember
P Script
» #% Settings

EE User manual

{8} Help

[/ About
Download
Bands + 1 V2 V3 V4 V5 Ve V7 v 8 v BA W 9 v 10 W11 W12 W) Ancillary data E
V| Only if preview in Layers  « Preprocess images Load bands in QGIS virtual download Iﬂ RUN §70

Fig. 11: i Login data
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Login Harmonized Landsat Sentinel-2

The download of Harmonized Landsat Sentinel-2 requires to login using FOSDIS Earthdata credentials
(https://urs.earthdata.nasa.gov) One can register for free at https://urs.earthdata.nasa.gov/users/new .

Tool symbol and name  Description

'
User T enter the user name
T| @
Password enter the password
. remember if checked, remember user name and password locally in QGIS

ITontepemkenns: If L4 remember is checked, the password is stored unencrypted in QGIS registry.

Login Copernicus Data Space Ecosystem

The download of Sentinel-2 is available also using Copernicus Data Space Ecosystem credentials (https:
'/dataspace.copernicus.eu). One can register for free at https://dataspace.copernicus.eu .

Tool symbol and name  Description

1
User T enter the user name
Password T enter the password
. remember if checked, remember user name and password locally in QGIS

ITontepemxenns: If ~ remember is checked, the password is stored unencrypted in QGIS registry.

3.4.3 Basic tools

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

Export signatures

This tool allows for exporting the signatures highlighted in the ROI & Signature list (page 36).
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Semi-Automatic Classification Plugin

Filtes B
-
# Band set . g
& Download products Export as training file (*.scpx) E
~ ™ Basic tools @&
Eﬁ Export signatures Export geometries as shapefile (*.shp) or geopackage (*.gpkg) E =
&
1 =3
EE Import signatures Export spectral signatures as CSV file (.csv) ]

B Multiple ROI creation
m RGB composite
L}) Signature threshold
+ [+ preprocessing
» ¥ Band processing
3 c Postprocessing
B Band calc
@ script
¥ 2% Settings
;r: User manual
{8 Help
[ About

Fig. 12: ﬁ Ezport signatures

Tool symbol and name Description

Export as SCP file I:i create a new .scp file and export highlighted ROIs and spectral signatures
as SCP file (.scpx)

Exzport as shapefile or export highlighted ROIs (spectral signature data excluded) as a new
shapefile (.shp) or geopackage (.gpkg)

geopackage

Ezxport spectral signatures open a directory, and export highlighted spectral signatures as individual
CSYV files (.csv) separated by semicolon ( ;)

as CSV file

Import signatures

o Import library file (page 54)

e Import vector (page 55)
e Download USGS Spectral Library (page 56)

[
The tab & Import signatures allows for importing spectral signatures from various sources.

Import library file

This tool allows for importing spectral signatures from various sources: a previously saved Training input
(page 33) (.scpx 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 (page 45), and added to the ROI & Signature list (page 36);

Tool symbol and name  Description

Select a file ' open a file to be imported in the Training input (page 33)

54 Po3pin 3. The Interface of SCP



Semi-Automatic Classification Plugin Documentation, Peni3 8.1.3.1

Semi-Automatic Classification Plugin

©

## Band set Download USGS Spectral Library g
Ji Download products Import vector
-
~ = Basic tools @&
B Export signatures Import library file b
E¥ 1mport signatures =
E Multiple ROI creation Select a file: training file (* scpx) ; USGS library (*.zip) ; ASTER library (*.txt) ; CSV (*.csv) '

m RGB composite
EQ“ Signature threshold
+ [+ preprocessing
» ¥ Band processing
3 e Postprocessing
B Band calc
@ script
¥ 2% Settings
2|z User manual
{8 Help
[ About

Fig. 13: Import library file

Import vector

Semi-Automatic Classification Plugin

v

& Bandset Download USGS Spectral Library g

k Download products Import vector

-

~ (o Basic tools &

Eﬁ. Export signatures Select a vector (*.shp;*.gpkg) w z
¥ Import signatures =
B Multiple ROI creation USEED Gl RicE
m RGB composite |MC]D field MC Name field C 1D field \CName field

{2 signature threshold
4 [* Preprocessing
» % Band processing v/ Calculate sig.  Import vector
+ @ Postprocessing
B4 Band calc
I script
» % Settings
£|= User manual
{8} Help
[ About

Import library file

Fig. 14: Import vector

This tool allows for importing a vector (shapefile or geopackage), selecting the corresponding fields of
the Training input (page 33).

Tool symbol and Description
name

Select a wector open a vector

MC ID field )  select the vector field corresponding to MC ID
MC Name field select the vector field corresponding to MC Name

C ID field > select the vector field corresponding to C ID
C Name field select the vector field corresponding to C Name

2l

L_f_J Calculate sig.  if checked, the spectral signature is calculated while the ROI is saved to Training
input (page 33)
Import vector import all the vector polygons as ROIs in the Training input (page 33)

>
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Download USGS Spectral Library

Semi-Automatic Classification Plugin

Fil ]

1001 £

& Band set Download USGS Spectral Library

k Download products

« ™ Basic tools Select a chapter

B Export signatures Select a library z
¥ Import signatures =
E Multiple ROI creation Import spectral library

RGB composite
m pos! Library Description (requires internet connection)

[ signature threshold

» > Preprocessing
» ¥ Band processing
@ Postprocessing
B Band calc
I script
» #% Settings

El’; User manual

{8} Help

[ About

USGS Spectral Library Version 7 downloaded from https://crustal.usgs.gov/speclab/QueryAli07a.php.
Reference: Kokaly, RF, Clark, RN, Swayze, G.A,, Livo, K.E., Hoefen, TM., Pearson, N.C., Wise, RA, Benzel, W.M., Lowers, H.A,, Driscoll, R.L, and Klein, A, 2017, USGS Spectral

Library Version 7. U.5. Geological Survey Data Series 1035, 61 p., https://doi.org/10.3133/ds1035.

Import vector \

Import library file \

Fig. 15: 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 splib06a: U.S. Geological Survey, Digital Data Series 231).

The libraries are grouped in chapters including Minerals, Mixtures, Coatings, Volatiles, Man-Made,
Plants, Vegetation Communities, Mixtures with Vegetation, and Microorganisms.

An internet connection is required.

Tool Description
symbol

and

name

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

v

Select select one of the libraries; the library description is displayed in the frame Library description
a li-
brary

~

Import  download the library and add the sampled spectral signature to the ROI & Signature list
spectral  (page 36) using the parameters defined for class and macroclass; the library is automatically
library ~ sampled according to the image band wavelengths defined in the active band set in Band
3 set (page 45), and added to the ROI € Signature list (page 36)

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

e Create random points (page 58)

e Point coordinates and ROI definition (page 58)

tion Plugin

Filter
Create random points

#F Band set
= Create points

& Download products Number of points 100 5 inside grid 10000 |5 min distance 100 |+

- Z Basic tools
stratified for the values raster >0 of first band of band set 1

B Export signatures
¥ 1mport signatures Point coordinates and ROI definition

£ Multiple RO crestion X ¥ MCID MC Name cIp € Name Min Max Dist  Rapid ROLband
m RGEB composite
LE Signature threshold
» [* Preprocessing
+ ®p Band processing
4 c Postprocessing
EH Band calc
® script
» 7% Settings
£|= User manual
{8} Help )
[7 About
*

100L 53

dizH &

oo

V Calculate sig. | RUN P

-
Fig. 16: & 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 (page 33). The

active band set in Band set (page 45) is used for calculations.
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Create random points

Tool Description
symbol
and
name
Number  set a number of points that will be created when Create points is clicked
of points

T
~ if checked, the band set area is divided in cells where the size thereof is defined in the
inside combobox (image unit, usually meters); points defined in Number of random points are
grid created randomly within each cell

T
= mian if checked, random points have a minimum distance defined in the combobox (image unit,
distance  usually meters); setting a minimum distance can result in fewer points than the number

T defined in Number of points
Create create random points inside the band set area
points

?

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

T

of the fi- defines the band set in L4 stratified for the values
rst  band
of band
set LI

Point coordinates and ROI definition

The table Point coordinates and ROI definition contains the following fields.

X Y MC MC C C Min Max Dist Rapid ROI band
ID Name ID Nam:
poi- poi- ROI ROI ROI ROI the the the interval whi- if a band number
nt nt Macr Macrc Class Class mini- maxi- ch  defines the 1is defined, ROI is
X Y ID Name ID Nam mum  mum maximum spectral created only using
coord coord (int) (text) (int) (text area width  distance between the selected band,
nate nate of a of a the seed pixel and similarly to Rapid
(float (float ROI ROI the surrounding pi- ROI band in ROI
(in (in xels (in radiometry ¢ Signature  list
pixel pixel unit) (page 36)
unit)  unit)

The following tools are available.
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Tool
symbol
and
name

Description

=
¥

®*
v

Calculat
8ig.
RUN

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 Name, Class ID, C Name, 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

if checked, the spectral signature is calculated while the ROI is saved to Training input
(page 33)

start the ROI creation process for all the points and save ROIs to the Training input (page 33)

RGB composite

k& Band calc
P script

» 2% Settings
éri User manual
{8 Help
[7 About

= Band set
k Download products ROE,
- ™ Basic tools 1321 @
B Export signatures 2432 g 3
¥ 1mport signatures 37.43 H N

B multiple ROI creation
N RGB composite
k(}\_: Signature threshold
[+ Preprocessing
» ®p Band processing
3 c Postprocessing

e RGB composite (page 60)
e Automatic RGB (page 60)

Semi-Automartic Classification Plugin

RGB composite

1001 £

*
¥

Automatic RGB

Band combinations

Fig. 17: @ RGB composite

This tab allows for managing the RGB Koavoposuii komnosum (page 134) used in the list RGB= of the
Image control (page 43).
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RGB composite

The table RGB composite contains the field RGB that allows for entering an RGB combination.

Tool symbol and name  Description

move highlighted RGB combination upward
move highlighted RGB combination downward
automatically sort RGB combinations by name
add a row to the table

remove highlighted rows from the table

clear all RGB combinations from RGB list

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

== 100200

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

Automatic RGB

Tool symbol and Description
name

Band_combinati- add the combinations of all bands (i.e. permutation) to the RGB composite
3 (page 60) (e.g. 1-2-3, 1-2-4, ..., 3-2-1)

ons

Signature threshold

e Signature threshold (page 61)
o Automatic thresholds (page 61)

This tab allows for the definition of a classification threshold (only for Minimum Distance, Maximum
Likelihood, and Spectral Angle Mapping algorithms) for each spectral signature. All the signatures
contained in the Training input (page 33) are listed. Thresholds defined in this tool are applied to
classification only if Threshold value in Algorithm (page 76) 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 (page 33).

If threshold is 0 then no threshold is applied and all the image pixels are classified. Depending on the
selected Algorithm (page 76) the threshold value is evaluated differently:

e for Minimum Distance, pixels are unclassified if distance is greater than threshold value;

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

e for Spectral Angle Mapping, pixels are unclassified if spectral angle distance is greater than
threshold value (max 90).
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e Semi-Automatic Classification Plugin
Filte a3
— 7
t Download products MCID MC Narme (9] C Name vinimum Distance aximum Likelihoc Spectral Angle Mapping =
- Z Basic tools @
B Export signatures z
¥ 1mport signatures =
B Multiple ROI creation
m RGB composite
k(}\_: Signature threshold
+ [+ preprocessing
» ¥ Band processing
' G &
@ script
¥ 2% Settings
Eri User manual
{8 Help
[ About
Automatic thresholds
Set threshold | 0.0000 = Set threshold=o * | 1.0 =
Fig. 18: @ Signature threshold
Signature threshold
The table Signature threshold contains the following fields.
MC ID MC CID C MD Threshold ML Threshold SAM Threshold
Name Name
Si- si- si- si- Minimum Di- Maximum Likeli- Spectral Angle
gnature gnature  gnature gnature stance threshold; hood threshold; Mapping
Macrocla Macroclas, Class  Class this value can be this value can be threshold; this
1D) Name 1D Name edited edited value can be edited
. Ex|: reset all signatures thresholds to 0 (i.e. no threshold used);
Automatic thresholds
Tool Description
symbol
and name
Set set the defined value as threshold for all the highlighted signatures in the table
threshold
15
?
Set for all the highlighted signatures, set an automatic threshold calculated as the distance

threshold ~ (or angle) between mean signature and (mean signature + ( * v)), where is the standard
= * deviation and v is the defined value; currently works for Minimum Distance and Spectral

[ 1] Angle Mapping
}
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3.4.4 TlepenobpobneHHs

- o |
Bxkiraika Ilepedobpobaennsa Haae TOCTYI 0 JEKIIBKOX IHCTPYMEHTIB Jjisi POOOTH 3 JIAHUMU, sIKi
CTaHyTh Y HArOJI JI0 MOYATKY 6e310cepeHbO IPOoIiecy KJiacuikailrii.

Clip raster bands

e Clip band set (page 62)
e Clip coordinates (page 63)

Semi-Automartic Classification Plugin

Clip band set

|o0) £

#F Band set
4 Download products Select input band set 1
» = Basic tools

Output name prefix cli o

= [¢ Preprocessing & & 4 F

4§ Clip raster bands Create virtual raster output N

Tl

al Image conversion Clip coordinates

g Masking bands

u Mosaic band sets ®) Use coordinates for clipping UL X Y LR X Y & Show

@ Reproject raster bands

M Split raster bands Use vector for clipping - 0

s Stack raster bands
¥ Vector to raster
» ¥z Band processing Use temporary ROI for clipping
3 e Postprocessing
B Band calc
P script
¥ 2% settings
[z User manual
{8 Help
[ About

Use vector field for output name

script . RUN r’

Fig. 19: 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.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .

Clip band set

Tool symbol and name Description

Select input band set v select the input Band set (page 45) to be clipped

|
il‘ Use wvalue as NoData if checked, set the value for NoData pixels (e.g. pixels outside the clipped

10 area)

——

Output name prefix [ set the prefix for output file names (default is clip)
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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.

Tool symbol and name

Description

L ]
- Use coordinates
for clipping

UL X L%
UL Y L%
LR X %
LRY &
z Show

[+

L ]
- Use wvector for
clipping |

L Use wvector field
for output name -~

.
' Use temporary
ROI for clipping

O
Script -

RUN h

if checked, use defined coordinates for clipping bands

set the UL X coordinate
set the UL Y coordinate
set the LR X coordinate
set the LR Y coordinate

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

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

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

if checked, use a Temporary ROI (page 43) for clipping; UL and LR coordi-
nates are ignored

refresh layer list

add this function to the Script (page 108)

run this function

Image conversion

e [mage conversion (page 64)

e Metadata (page 65)

This tool allows for the conversion of several products to reflectance. Depending on the processing level
of the source product, the conversion can be 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
DOSLI correction, see Ilepepaxynor snimka y snavernns sidousanvrocmi (page 151)). In case the source
product is already provided as surface reflectance level, the rescaling factors are applied to convert the
DN to decimal values.

The following products can be processed:
e Sentinel-2 images Level-1C;
e Sentinel-2 images Level-2A;

e Landsat 1, 2, 3 MSS, 4, 5, 7, 8, 9 images Collection 2 Level-2;
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a# Band set
Ji Download products
> Z Basic tools
- [* Preprocessing
S5 Clip raster bands
28 [Image conversion
g Masking bands
‘ Mosaic band sets
@ Reproject raster bands
M Split raster bands
g Stack raster bands
k¥ Vector to raster
» ¥ Band processing
+ @ Postprocessing
B Band calc
[ script
» 2% Settings
2|z User manual
{8 Help
[7 About

Semi-Automatic Classification Plugin

Conversion to reflectance and temperature

Directory containing bands

j0o) 5

Select metadata file (optional)

(=[]
digH @

¥ Use value as NoData |0 =
Apply DOST atmaospheric correction
V' Create Band set and use Band set tools (8 Create a new Band set

Metadata

product spacecraft processing_level band_name product_path scale

Seript . RUN P

Fig. 20: Image conversion

e Harmonized Landsat Sentinel-2.

ITopama: Information about APIs of this tool in Remotior Sensus at this link .

Image conversion

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

Tool symbol and
name

Description

Directory contai-

ning bands n

Select  metadata
file

|

il Use value as
NoData | '~

|

4 Apply DOS1
atmospheric
correction

[+

Create Band
set and use Band
set tools

—

"2 Add bands in
a new Band set

open a directory containing product bands; names of bands must end with the
corresponding number; if the metadata file is included in this directory then
Metadata (page 65) is automatically filled

select the metadata file if not included in the Directory containing bands; for
Sentinel-2, the metadata file is a .xml file whose name contains MTD_MSIL1C.

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)

if checked, the Kopexuia DOS1 (page 152) is applied to all the bands

if checked, bands are added to the active Band set after the conversion; also, the
Band set is processed according to the tools checked in the Band set (page 45)

if checked, bands are added to a new empty Band set after the conversion

ITopapa: For the best spectral precision one should download Surface Reflectance products (e.g., for
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Sentinel-2 the Level-2A Products).

ITontepemkennsi: For Sentinel-2 L2A images downloaded as .zip file, all the .jp2 files must be
moved inside the same directory and renamed according to the band number in the ending (e.g. from
name 02 10m.jp2 to name 02.jp2).

Metadata

Metadata are required for the process to identify the product. If the Metadata file is not inside the input
directory, one can define the file path in Select metadata file. In the Metadata, all the bands found in are
listed.

The table Metadata contains the following fields.

produc spacect processi- band prodi scale offsel nodat date kil k2 band e sui earth sun_distance
ng_level
produc spacec: processi- name path scale offsel nodal date kil k2 band solar Earth-
name name ng of of of of value of paramet. paramet: numl irradi Sun
(e.g., (e.g., level the the the the of acqui- for for ance di-
Sentin Sentinc of the band band band band the  siti- Landsat Landsat of stance
2) 2) product band on of thermal thermal band
(e.g., the conversi- conversi-
Level- produc on on
2)

It is possible to remove bands from the table, to exclude these bands from the conversion.

Tool symbol and name  Description

= remove highlighted bands from the table Metadata

Bands having different spatial resolution are not resampled at this stage. However, when using these
bands in a classification process, all the bands are resampled on the fly to the highest spatial resolution
with nearest neighbor.

Tool symbol and name  Description

Script . add this function to the Script (page 108)
RUN !_": run this function

ITopama: To reduce file size, output files are saved as data type Ulnt16 with scale 0.0001, which are
interpreted as Float32 type by GDAL.
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Masking bands

e Mask of band set (page 67)

Semi-Automatic Classification Plugin

T
]

Mask of band set S

# Band set g
& Download products Select input band set | 1 -

» - Basic tools &

Select the classification v 0 ‘

= [+ Preprocessing F

©

3’5 Clip raster bands
& Image conversion
g Masking bands Use buffer of pixel size |1
a Mosaic band sets
@ Reproject raster bands
Wy split raster bands Create virtual raster output
g Stack raster bands
k¥ Vector to raster
» ®» Band processing
» (g Postprocessing
k= Band calc
I script
» #% Settings
[z user manual
8 Help
[ About

Mask class values

Output NoData value -32768 =

Output name prefix mask_

Script - RUN F.\

Fig. 21: Masking bands

This tool allows for masking bands, based on the values of a raster mask, creating an output masked
band for each band of the Band set (page 45). NoData is set in all the bands of the Band set (page 45)
for pixels corresponding to the mask.

ITopaga: Information about APIs of this tool in Remotior Sensus at this link .
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Mask of band set

Tool symbol Description
and name
Select input select the input Band set (page 45) to be masked
band set
v
Select the select a classification raster (already loaded in QGIS) which contains a mask class
classification
o refresh layer list
Mask _class set the class values to be masked; class values must be separated by , and - can be
values | T 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
L4 Use if checked, a buffer is created for masked area, corresponding to the defined number
buffer of of pixels; this can be useful to dilate masked area
pizel size
-
Output set the value of NoData pixels corresponding to the mask
NoData
value | v

Output name

prefiz LT

Script .
RUN b

set the prefix for output file names (default is mask_)

add this function to the Script (page 108)

run this function

Mosaic of band sets

e Mosaic of band sets (page 68)

This tool allows for the mosaic of band sets, merging the corresponding bands of two or more band sets
defined in the Band set (page 45). 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.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .
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Semi-Automartic Classification Plugin

Jictas
Filte
Mosaic of band sets

|ooL 53

#F Band set

& Download products Band set list 1,2
» = Basic tools -
r. Use value as NoData o = e
= [+ preprocessing z
<5 Clip raster bands Create virtual raster output =

P28 Image conversion
£ Masking bands
B Mosaic band sets Output name band
@ Reproject raster bands =
‘k Split raster bands
g Stack raster bands
k¥ Vector to raster
» ¥ Band processing
» Q Postprocessing
B Band calc
! Script
» #% Settings
Z[E user manual
8 Help
[7 About

QOutput prefix mosaic_

Script . RUN r\»
& s

Fig. 22: Mosaic band sets

Mosaic of band sets

Tool symbol and Description
name

Band set list list if band sets defined in the Band set (page 45); in case of overlapping images,
dY the pixel values of the first band set in the list are assigned

||
i’ Use walue if checked, set the value of NoData pixels, ignored during the calculation
as NoData | '~

||

i’ Create if checked, output is created as virtual raster .vrt composed of as many .tif files

virtual raster as the number of threads defined in System (page 112); for large rasters this can
speed up the process

output

Output name  set the prefix for output file names (default is mosaic)
prefiz LT

Script n add this function to the Script (page 108)

RUN !F': run this function

Reproject raster bands

e Reproject raster bands (page 70)

This tab allows for reprojecting bands in a Band set (page 45) and perform other raster operations.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .
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Filter

3 Band set
{ Download products
» o Basic tools
= [+ preprocessing
S5 Clip raster bands
P2 Image conversion
£ Masking bands
a Mosaic band sets
@ Reproject raster bands
‘# Split raster bands
g Stack raster bands
k¥ vector to raster
» ¥ Band processing
» Q Postprocessing
B Band calc
. Script
» #% Settings
Z[E User manual
8 Help
[ About

Semi-Automartic Classification Plugin

Reproject and resample band set

Select input band set | 1 -

_ Align to raster
®) Use EPSG code
X resolution

Resample pixel factor 1

same extent as reference

Y resolution

Resampling method | nearest_neighbour

Change output NoData value
Output name prefix reproj

+ Compress LZW

-32768 =

- O

Outputtype |Aute  ~

Virtual output

script . RUN b

0oL £

disH &

Fig. 23: Reproject raster bands

3.4. Main Interface Window

69



Semi-Automatic Classification Plugin Documentation, Peni3 8.1.3.1

Reproject raster bands

Tool symbol and
name

Description

Select input band set

.1v

.
—' Align to raster

— same extent as

reference >

O

N4 Use EPSG code

T

X resolution

Y resolution

~ Resample pixel
factor LT
Resampling method

~

Output type

L Change output

NoData value ' '~

Output name prefic
T

Compress | T

Script .
RUN D

select the input Band set (page 45) to be reprojected

if checked, use the same coordinate reference system and pixel size as the

selected reference

if checked, the output extent will be the same as the reference

refresh layer list

if checked, use the EPSG code for defining the output coordinate reference

system

set X pixel resolution

set Y pixel resolution

if checked, new pixel size will be the original size times this factor

select the resampling method; options are: nearest_neighbour, average, sum,
maximum, minimum, mode, median, first_quartile, third_quartile

select the output raster type; options are: Auto (same as input), Float32,

Int32, UInt32, Int16, UInt16, Byte

if checked, set a new value for NoData pixels

set the prefix for output file names (default is reproj)

if checked, set the compression method (e.g., LZW, DEFLATE)

add this function to the Script (page 108)

run this function
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Split raster bands

e Raster list (page 71)
e Semi-Automatic Classification Plugin
“L;Ba et a’
ind se =]
J‘ Download products Select a multiband raster - 0 .
» £ Basic tools .
=& Conmerim) Output name prefix split E
<5 Clip raster bands °
#‘ Image conversion
g Masking bands
a Mosaic band sets
@ Reproject raster bands
'k Split raster bands
g Stack raster bands
k¥ Vector to raster
» ®» Band processing
» (g Postprocessing
k= Band calc
I script
» #% Settings
Z[E User manual
8 Help
[ About
e |
Script - RUN E?v
Fig. 24: Split raster bands
Split a multiband raster to single bands.
ITopaga: Information about APIs of this tool in Remotior Sensus at this link .
Raster list
Tool symbol and name Description
Select a multiband raster > select the input raster
o refresh layer list
Output name prefiz T set the prefix for output file names (default is split)
Script ! add this function to the Script (page 108)
|Fr"'l . .
RUN %"= run this function
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Stack raster bands

e Stack band set (page 72)

Semi-Automatic Classification Plugin

Tk
Filter
Stack band set

#f Band set
& Download products Select input band set |1
» - Basic tools
= [+ Preprocessing
<5 Clip raster bands
#‘ Image conversion
g Masking bands
a Mosaic band sets
@ Reproject raster bands
'k Split raster bands
g Stack raster bands
k¥ Vector to raster
» ¥ Band processing
» (@ Postprocessing
k= Band calc
I script
» #% Settings
=[5 user manual
8 Help
[ About

|00L &3

diaH &

Script - RUN p

Fig. 25: Stack raster bands

Stack all the bands in a Band set (page 45) into a multiband raster.

ITopaga: Information about APIs of this tool in Remotior Sensus at this link .

Stack band set

Tool symbol and name Description

Select input band set ' 1~ select the input Band set (page 45) to be stacked

Seript ! add this function to the Script (page 108)
RUN !F'I= run this function

Vector to raster

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

ITopanma: Information about APIs of this tool in Remotior Sensus at this link .
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3 Band set
{ Download products
» o Basic tools
= [+ preprocessing
S5 Clip raster bands
P28 Image conversion
£ Masking bands
¥ Mosaic band sets
@ Reproject raster bands
‘# Split raster bands
g Stack raster bands
k¥ Vector to raster
» ¥ Band processing
» Q Postprocessing
B Band calc
. Script
» #% Settings
=[= User manual
{8} Help
[ About

Convert vector to raster

Select the vector -3

®) Use the value field of the vector -
Use constant value |1 =

Select the reference raster hd 0

Pixel size

| Minimum extent
Select the type of conversion pixel_center > Area precision |20

Use value as NoeData 0 =

script . RUN

0oL £

di3H &

Fig. 26: Vector to raster
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Convert vector to raster

Tool symbol and name

Description

v

Select the vector |~

O

- Use constant value

.1v

Use the value field of the vector |~

Select the reference raster >

O

Pizel size T

1’ Minimum extent

Select the type of conversion |

Area precision

f Use value as NoData

Script -
RUN !"-'=

~

.1v

select a vector already loaded in QGIS

refresh layer list

if checked, the selected field is used as attribute
for the conversion; pixels of the output raster have
the same values as the vector attribute

if checked, the polygons are converted to raster
using the selected constant value

select a reference raster; pixels of the output
raster have the same size and alignment as the
reference raster

refresh layer list

set the size of pixel of output raster

if checked, the output raster has the minimum
vector extent; otherwise, output extent is the

v

same as the Select the reference raster |

select the type of conversion among:

e pizel center: during the conversion,
vector is compared to the reference
raster; output raster pixels are attri-
buted to a polygon if pixel center is
within that polygon

e all touched: during the conversion,
vector is compared to the reference
raster; output raster pixels are attri-
buted to a polygon if pixel touches that
polygon

e area_based: during the conversion,
output raster pixels are attributed
based on area proportion of polygons

for area_ based method, the higher the value, the
higher is the precision in the calculation of area
proportion (and the time required for calculation)

if checked, set a value for NoData pixels

add this function to the Script (page 108)

run this function
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3.4.5 Band processing

The tab : Band processing provides several functions that can be applied to the Band set (page 45).

Classification

e Input (page 76)
e Algorithm (page 76)
— Mazimum Likelihood (page 76)
— Minimum Distance (page 78)
— Multi-layer Perceptron (page 79)
— Random Forest (page 80)
— Spectral Angle Mapping (page 82)
— Support Vector Machine (page 83)
o Run (page 84)

Semi-Automatic Classification Plugin

Filter - |

E e

# Band set g
& Download products Select input band set 1 - Use input normalization (® Z-score () Linear scaling

» = Basic tools ]

» [+ Preprocessing Use training (@) Macroclass 1D Class ID £

=

- % sondprocessing Wowrion ]

- Classification =
B combination M Maximum Likelihood

i
[*: Dilation -
i Erosion Use | Single threshold 0.0000 Signature threshold @

H sieve Save signature raster
M neighbor
t BCA Calculate classification confidence raster
» (@ Postprocessing
B4 Band calc
I script
» #% Settings
2[5 user manual
{8} Help
[7 About

Minimum Distance

Multi-Layer Perceptron

Random Forest \
Spectral Angle Mapping \
Support Vector Machine \

Load classifier - Save classifier m Script l RUN P

Fig. 27: Classification

This tab allows for the classification of the Band set (page 45) using the spectral signatures checked
in ROI & Signature list (page 36). Several classification options are set in this tab which affect the
classification process also during the Classification preview (page 44).

This tool allows for the selection of one the following algorithms:
e Maximum Likelihood (page 76)
o Minimum Distance (page 78)

3.4. Main Interface Window 75



Semi-Automatic Classification Plugin Documentation, Peni3 8.1.3.1

o Multi-layer Perceptron (page T9)
e Random Forest (page 80)

o Spectral Angle Mapping (page 82)
e Support Vector Machine (page 83)

Also, it is possible to save and load a trained classifier.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .

Input
Tool symbol and name Description
Select input band set | 1~ select the input Band set (page 45) to be classified
L. Use input normalization if checked, normalize the input based on the selected
method
. . LT . .
—' Z-score if checked with = Use input normalized, Z-score
normalization of input is performed
L] | |
—" Linear scaling if checked with ¥ Use input normalized, Linear scali-
ng normalization of input is performed
L]
Use training = Macroclass ID if checked, the classification is performed using

Use training 2 Class ID the Macroclass if checked, the classification is performed using the
ID (code MC ID of the signature) Class ID (code C ID of the signature)

Algorithm

This tool allows for the selection of the classification algorithm. The algorithm tab includes the available
parameters.

Maximum Likelihood

Use the Makxcumanvnoi sipozidnocmi (page 138) algorithm.
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#f Band set
{ Download products
» o Basic tools
» [-* Preprocessing
~ Wy Band processing
S Classification

Select input band set | 1

Use training ‘® Macroclass ID

Semi-Automatic Classification Plugin

(wopae N
e

Use input normalization  (® Z-score () Linear scaling

?

a8

djaH ¢

Class [D

®E combination
& Dilation

B sieve
. Neighbor
Y2 PcA
» q Postprocessing
EH Band calc
I script
» #% Settings
EE User manual
{2} Help
[7 About

Ml Maximum Likelihood

Use
' Erosion

Save signature raster

Calculate classification confidence raster

Single threshold 0.0000 | < Signature threshold @

Minimum Distance

Multi-Layer Perceptran

Random Forest \
Spectral Angle Mapping \

Suppert Vector Machine

Load classifier

. Save classifier m Script - RUN F.’

Fig. 28: Maximum Likelihood

Tool symbol and name

Description

Use single threshold

[ 1G]

Signature  threshold

7]

™

Ld Save signature
raster

l‘-fJ Calculate classi-

fication  confidence

raster

if checked, it allows for the definition of a classification threshold (applied to
all the spectral signatures); pixels are unclassified if probability is less than
threshold value (max 100)

if checked, thresholds Signature threshold (page 60) are evaluated

open the Signature threshold (page 60) for the definition of signature
thresholds

if checked, in addition to the classification raster, for each spectral signature
a raster is saved in the same output directory, which represents the distance
between pixel and signature

if checked, calculate classification confidence raster
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Minimum Distance

#F Band set
& Download products
» : Basic tools
» [+ Preprocessing
« ¥z Band processing
M Classification
x Combination
& Dilation
l Erosion
B sieve
. Neighbor
Y2 PCA
» c Postprocessing
E Band calc
P script
£+ Settings
Z|z User manual

Semi-Automatic Classification Plugin

|

Select input band set | 1 = Use input normalization '® Z-score (' Linear scaling

Use training ‘® Macroclass ID Class ID I
-

Maximum Likelihood

Ml Minimum Distance

Use | Single threshold 0.0000 |= Signature threshald @
Save signature raster

Calculate classification confidence raster

Multi-Layer Perceptran

Random Forest

N
Spectral Angle Mapping \
AN

Support Vector Machine

Load classifier . Save classifier m Script l RUN P

Fig. 29: Minimum Distance

Use the Minimanvrot eidemani (page 137) algorithm.

Tool symbol and name  Description

Use single threshold if checked, it allows for the definition of a classification threshold (applied to

| 1)

all the spectral signatures); pixels are unclassified if distance is greater than
threshold value

Signature  threshold if checked, thresholds Signature threshold (page 60) are evaluated

[7%)

e

open the Signature threshold (page 60) for the definition of signature
thresholds

L_\_!":J Save signature if checked, in addition to the classification raster, for each spectral signature

raster

a raster is saved in the same output directory, which represents the distance
between pixel and signature

l‘-f—'l Calculate classi-  if checked, calculate classification confidence raster
fication  confidence

raster
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Multi-layer Perceptron

Semi-Automatic C| fication Plugin
Filter a3
lopge [
#F Band set g
4 Download products Select input band set | 1 = Use input normalization (®) Z-score () Linear scaling
» z Basic tools 0
, [_, Preprocessing Use training ‘® MacroclassID () ClassID i
" % sand processing .
@ classification -
x Combination Maximum Likelihood
& Dilation Minimum Distance
‘ Erosion
Multi-Layer Perceptron
B sieve w b =
B neighbor Use framework @ scikitlearn () PyTorch
Y2 PCA
» @ Postprocessing Hidden layer sizes 100
E Band calc _ = o =
Max iter 200 |3 Activation relu Alpha 0.01000 |5
Script
b &% Settings Training proportion 0.90 |+ | Batchsize auto Learning rate init 0.0010 |+
EE User manual
3 Help V| Cross validation
[ About Find best estimator with steps 5|5

Calculate classification confidence raster

Random Forest

N
Spectral Angle Mapping \
AN

Support Vector Machine

Load classifier . Save classifier m Script RUN #70

Fig. 30: Multi-layer Perceptron

Use the Multi-Layer Perceptron (page 143) algorithm.
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Tool symbol and name

Description

L
\

Use framework
scikit-learn

L
\

Use framework
PyTorch
Hidden layer sizes

.1v

Maz iter v

Activation |.T
Alpha | '~

Training  proportion
—

Batch size

Learning  rate  init

.1v

—  (Cross wvalidation

L. Find best esti-
mator with steps

~ Calculate classi-
fication confidence

raster

if checked, use scikit-learn framework (read this)

if checked, use PyTorch framework (read about this)

list of values separated by comma, where each value defines the number of
neurons in a hidden layer (e.g.: 200, 100 for two hidden layers of 200 and 100
neurons respectively)

set the maximum number of iterations
set the activation function (default: relu)

set the weight decay (also L2 regularization term) for Adam optimizer
set the proportion of data to be used as training and the remaining part as
test

set the number of samples per batch for optimizer; if auto, the batch is the
minimum value between 200 and the number of samples
set initial learning rate

if checked, perform cross validation

if checked, find the best estimator iteratively with a number of steps

if checked, calculate classification confidence raster

Random Forest

Use the Random Forest (page 143) algorithm.
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Semi-Automatic Classification Plugin

Filtes = ]

(e [N

#F Band set g
& Download products Select input band set | 1 - Use input normalization (®) Z-score Linear scaling

» { Basic tools ®

» [... Preprocessing Use training '® Macroclass ID Class [D =

-3

" % sand processing [ wericow

S Classification
®E combination

Maximum Likelihood

& Dilation Minimum Distance
Erosion
l ) : Multi-Layer Perceptron
B sieve
¥ Neighbor W@ Random Forest
Y2 Pca
» q Postprocessing MNumber of trees 10 |Z | Minimum number to split 2 |5 Max features
£ Band cale One-Vs-Rest
I script
» #% Settings v Cross validation
fE User manual Balanced class weight
{2} Help

[7 About Find best estimator with steps 5

ik

Calculate classification confidence raster

Spectral Angle Mapping \
Support Vector Machine \

Load classifier 1Ll | save classifier m Seript - RUN h

Fig. 31: Random Forest

Tool symbol and name  Description

Number of trees vl set the number of trees

Minimum number to set the minimum number of samples required to split an internal node

split | 1v)

Max  features ! for node splitting, if empty all features are considered; if sqrt the square root
of all the features, if integer number the number of features; if float number
a fraction of all the features

L One-Vs-Rest  if checked, perform One-Vs-Rest classification (read more)
l'-f-l Cross validation  if checked, perform cross validation

l‘-fJ Balanced class if checked, balanced weight is computed inversely proportional to class

frequency
weight

L—{J Find best esti- if checked, find the best estimator iteratively with a number of steps
mator  with  steps

L_\ﬂ Calculate classi-  if checked, calculate classification confidence raster
fication  confidence

raster
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Spectral Angle Mapping

#F Band set
& Download products
» : Basic tools
» [+ Preprocessing
« ¥z Band processing
M Classification
x Combination
& Dilation
l Erosion
B sieve
. Neighbor
Y2 PCA
» c Postprocessing
E Band calc
P script
b #% Settings
EE User manual
{8} Help
[ About

Semi-Automatic Classification Plugin

-

|ooy 53

Select input band set | 1 Use input normalization '® Z-score (' Linear scaling

Use training ‘® Macroclass ID Class ID

Maximum Likelihood

dizH &

Minimum Distance

Multi-Layer Perceptron

Random Forest

M Spectral Angle Mapping

Use Single threshold 0.0000 Signature threshald @

Save signature raster

Calculate classification confidence raster

Support Vector Machine

AN
[

. Save classifier m Seript l RUN P

Load classifier

Fig. 32: Spectral Angle Mapping

Use the Kapmozpadysanns cnexmpanvrozo xkyma (page 139) algorithm.

Tool
name

symbol and

Description

Use single threshold

| 1)

Signature threshold

[75)

D

l‘-f—ll Save signature

raster
Ld Calculate
classification confi-

dence raster

if checked, it allows for the definition of a classification threshold (applied to
all the spectral signatures); pixels are unclassified if spectral angle distance is
greater than threshold value (max 90)

if checked, thresholds Signature threshold (page 60) are evaluated

open the Signature threshold (page 60) for the definition of signature thresholds

if checked, in addition to the classification raster, for each spectral signature
a raster is saved in the same output directory, which represents the distance
between pixel and signature

if checked, calculate classification confidence raster
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Support Vector Machine

Semi-Automatic Classification Plugin

Filte 2 ]

.

#F Band set g
4 Download products Select input band set | 1 = Use input normalization () Z-score () Linear scaling

» : Basic tools &

» [+ Preprocessing Use training '® Macroclass 1D Class ID F

o

" % sand procesing Mgoricom

M Classification
x Combination

Maximum Likelihood

[ﬂ Dilation Minimum Distance
E
‘ roswon Multi-Layer Perceptron
B sieve
W neighbor Random Forest
\L-‘ PCA Spectral Angle Mapping
» c Postprocessing
[ Band calc Wl support Vectar Machine
P script -
b 3 settings Reqularization parameter C 1.0000 Kernel rbf Gamma scale
EE User manual v Cross validation
1% Help
¥ About Balanced class weight
Find best estimator with steps 5|+

Calculate classification confidence raster

Load classifier . Save classifier m Script l RUN P

Fig. 33: Support Vector Machine

Use the Support Vector Machine (page 144) algorithm.

Tool symbol and name Description

Regularization parameter C L1V set the regularization parameter C

Kernel |2 set the kernel (default: rbf)

Gamma |7 set the kernel coefficient gamma (default: scale)

L Cross validation if checked, perform cross validation

L_\_!"J Balanced class weight if checked, balanced weight is computed inversely proporti-

onal to class frequency

Lf—'l Find best estimator with steps if checked, find the best estimator iteratively with a number
of steps

l‘-ﬂ Calculate  classification confi- if checked, calculate classification confidence raster

dence raster
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Run

It is possible to run the classification, or save and load a trained classifier.

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

Tool symbol and name  Description

Load classifier ' open an already save classifier file (.rsmo)

4|
Save classifier {tl save the classifier to file (.rsmo), in order to be loaded later

RUN !F'I= run this function

Combination

e Combination of band values (page 85)

Semi-Automatic Classification Plugin

i
-

|00 58

# Band set Input

& Download products
» = Basic tools Combination of band values =
» [+ Preprocessing Select input band set = =
~ ¥p Band processing (of classifications) =

S Classification
®E combination
[&! pilation
i crosion
m Sieve
' Neighbor
§Z Pca
» Q Postprocessing
B Band calc
I script
» % Settings
%E User manual
{8} Help

[ about
Script - RUN P

Output

Use value as NoData | 0 -

Fig. 34: Combination

This tab allows for the combination of bands loaded in a Band set (page 45). This tool is intended for
combining classifications in order to get a raster where each value corresponds to a combination of class
values. Raster values must be integer type. A combination raster is produced as output and the area of
each combination is reported in a .csv file.

This tool supports virtual raster output; if the output file name ends with .vrt then the output
is created as virtual raster composed of as many .tif files as the number of CPU threads defined in
System (page 112); for large rasters this can speed up the process.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .
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Combination of band values

Tool symbol and name Description

Select input band set (of classificati- select the input Band set (page 45)

ons) |1V

| —

il Use value as NoData | 1¥ if checked, set the value of NoData pixels, ignored during the
calculation

Script ! add this function to the Script (page 108)

RUN !F': run this function

The list of combinations and the area thereof will be displayed in the tab Output.

Dilation

e Dilation (page 86)

Semi-Automatic Classification Plugin

i
-

=

# Band set Band dilation 3
% Download products Select input band set (of classifications) |1 =

» Z Basic tools -

» [+ Ppreprocessing Class values :

=

~ ¥y Band processing
! Classification
2 combination Output name  dilation_ Virtual output
f&! Dilation
1 crosion
ﬁ Sieve
B neighbor
§Z Pca
» Q Postprocessing
B Band calc
I script
» % Settings
%E User manual
{8} Help

[ About
Script - RUN P

Size in pixels 1 Circular

Fig. 35: 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.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .
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Dilation

Tool symbol and
name

Description

Select input band
set (of classifi-

cations) | 1%
Class values
T

Size in  pizels
)
[+

—

Circular

Output name

L]

select the input Band set (page 45)

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
number of pixels to be dilated from the border

if checked, the dilation will be circular, similar to a buffer

set the name prefix for output files

— Virtual  if checked, the output is created as virtual raster composed of as many .tif files
as the number of CPU threads defined in System (page 112)
output
Script n add this function to the Script (page 108)
RUN !F': run this function
Erosion

e [Lrosion (page 87)

# Band set
J; Download products
= Basic tools
4 [—' Preprocessing
~ dp Band processing
@ Classification
x Combination
& Dilation
ﬂ Erosion
B sieve
’ Neighbor
{2 pca
& Postprocessing
B Band calc
P Script
#% Settings
%E User manual
{8} Help
[7 About

Semi-Automatic Classification Plugin

Band erosion

Select input band set (of classifications) |1 -
Class values

Size in pixels 1 Circular

Output name  erosion_

Virtual output

Script ! RUN P

;| looLgg

o

diaH ¢

Fig. 36: Erosion
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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.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .

Erosion

Tool symbol and Description
name

Select input band  select the input Band set (page 45)
set (of classifi-

cations) | 1%
Class values set the class values to be eroded; class values must be separated by , and - can
i 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
Size in  pizels number of pixels to be eroded from the border

i
L Circular  if checked, the erosion will be circular, similar to a buffer
Output name set the name prefix for output files
~ Virtual if checked, the output is created as virtual raster composed of as many .tif files
as the number of CPU threads defined in System (page 112)
output
Script . add this function to the Script (page 108)
RUN !_": run this function
Sieve

o Sieve (page 88)

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

It is possible to chose 4 pixel connection (in a 3x3 window, diagonal pixels are not considered
connected) or 8 pixel connection (in a 3x3 window, diagonal pixels are considered connected).

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .
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Semi-Automatic Classification Plugin

i
-

0oL 53

# Band set

¥ Download products Select input band set (of classifications) |1 -
» Z Basic tools
» [+ Preprocessing Size threshold 2 < Pixel connection 4 -

dieH &

~ ¥y Band processing
M8 Classification
x Combination
& Dilation
I Erosion
ﬁ Sieve
B neighbor
§2 PcA

» @ Postprocessing

B Band calc

I script

#% Settings

%E User manual

%) Help

[ About

Output name sieve_ Virtual output

Script . RUN F.»

Fig. 37: Sieve

Sieve

Tool symbol and name Description

Select input band set (of select the input Band set (page 45)
classifications) | v

Size threshold | 1% size of threshold in number of pixels

[+ . . . . . .
—  Pizel connection select between 4 pixel connection or 8 pixel connection

v

Output name set the name prefix for output files

]

—  Virtual output if checked, the output is created as virtual raster composed of as many .tif
files as the number of CPU threads defined in System (page 112)

Script ! add this function to the Script (page 108)
RUN !F'I= run this function
Neighbor

e Neighbor (page 90)

e Statistic (page 90)

e Run (page 90)

This tool allows for the calculation of several neighbor pixels statistics for every band of a band set
defined in the Band set (page 45).

The statistics are calculated for every pixel of the input raster considering the values of the neighbor
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Semi-Automatic Classification Plugin

Filter »
=
& Band set Band neighbor .

¥ Download products Select input band set 1 -

» " Basic tools (o]

» [_, Preprocessing Neighbor distance in pixels 1 = Circular T

~ ¥y Band processing i
M8 Classification
; Combination Output name neighbor_ Virtual output
& Dilation
I Erosion
m Sieve
i Neighbor Select a statistic | Count -
§Z pca

» @ Postprocessing

B Band calc

I script

#% Settings

Z|z User manual

%) Help

[ About

Matrix file (optional) '.

Script ' RUN F.’

Fig. 38: Neighbor

pixels. Neighbor pixels are defined through a distance or through a custom matrix.

For example, the following matrix represents the neighbor pixels within a distance of 1 pixel from a
central pixel, resulting in a 3x3 matrix.

Neighbor Neighbor Neighbor
Neighbor Center  Neighbor
Neighbor Neighbor Neighbor

Several statistics are available. The statistic Sum will result in a raster convolution. For instance, this can
be useful to apply an image filter to all the bands of a band set for photointerpretation.

ITopama: Information about APIs of this tool in Remotior Sensus at this link .
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Neighbor

Tool symbol and Description
name

Select input band select the input Band set (page 45)

set | 1v
Neighbor distance create a window defining the size based on the distance from the center (in

in pizels (10 number of pixels)

b

— Circular  if checked, the window will be circular

Matriz file (opti- select a .csv file containing the structure of the window

onal) EI

Output name set the name prefix for output files
~ Virtual  if checked, the output is created as virtual raster composed of as many .tif files

as the number of CPU threads defined in Systemn (page 112)
output

Statistic

Tool symbol Description
and name

Select a stati- select a statistic among: Count, Max, Mean, Median, Min, Percentile, StandardDevi-

stic >/ T ation, Sum. For Percentile statistic it is possible to enter the percentile value.

Run
e — Script -
— add this function to the Script (page 108)
e - RUN !"-'=
— run this function
PCA

o PCA (page 91)

This tab allows for the PCA (Anaxiz 20n06nuz komnonernm (page 147)) of bands loaded in the Band set.

A report .txt is saved along with the PCA bands, containing the covariance matrix, correlation matrix,
eigen vectors, and eigen values.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .
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Semi-Automatic Classification Plugin

= Band set Input
* Download products

» " Basic tools Principal Components Analysis of band set &

» [+ Preprocessing Select input band set 1 - z
~ d» Band processing -
M8 Classification Number of components |2

x Combination -
Bl Dilation Use value as NoData o -
I Erosion
m Sieve
i neighbor
§2 |Pca
» (@ Postprocessing
B Band calc
I script
#% Settings
z|z User manual
%) Help

[ About
Seript - RUN h
e G

Output

Fig. 39: PCA

PCA

Tool symbol and name Description

Select input band set | '~ select the input Band set (page 45)

L_*-ﬂ Number of components _1v1 set the number of components to be calculated

L_f_J Use value as NoData L) if checked, set the value of NoData pixels, ignored during the
calculation

Script n add this function to the Script (page 108)

RUN !F'Ii run this function

The Output tab will display the Principal Components Analysis details (Covariance matrix, Correlation
matrix, Eigenvectors, and Eigenvalues).
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3.4.6 lMicnsiobpobneHHs

Bruragka c Hicasobpobaenna Hamae JOCTYI 0 AEKUIBKOX (DYHKIII, 10 MOXKYTh OyTH 3aCTOCOBaHI 10
BUXIIHIX PE3y/IbTATIB Kaacudikarii.

Accuracy

e Accuracy (page 93)

Semi-Automatic Classification Plugin

i
-

jooy &7

Input
# Band set &
* Download products
e
» = Basic tools &
» [+ Ppreprocessing Select the classification to assess 1A z
» ¥ Band processing =
— a Postprocessing Select the reference vector or raster b O
8
EE Accur.acy - Vector field b
H;: Classification report
¥ Classification to veci Use value as NoData | 0 =

“ Cross classification
B4 Reclassification

[ Band calc

W Script

#% Settings

%E User manual

{8} Help

[7 About

script - RUN h
Output \

Fig. 40: Accuracy

This tab allows for the validation of a classification (read Ouinka mowrnocmi (page 146) ).

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 output is an error raster that is a .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) between 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.

This tool supports virtual raster output; if the output file name ends with .vrt then the output
is created as virtual raster composed of as many .tif files as the number of CPU threads defined in
System (page 112); for large rasters this can speed up the process.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .
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Accuracy

Tool symbol and name Description

Select the classification to  select a classification raster (already loaded in QGIS)

v

assess

O refresh layer list

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

0 refresh layer list

Vector field > if a vector is selected as reference, select a vector field containing numeric

class values

|
wJ Use value as NoData if checked, set the value of NoData pixels, ignored during the calculation

151
Script n add this function to the Script (page 108)
RUN !F'I= run this function

Classification report

o Classification report (page 94)

Semi-Automatic Classification Plugin

Filte 5 |

Input 3
# Band set P g
Download products
_J: P Classification report
» i~ Basictools 0]
» [—' Preprocessing Select the classification - O F
-3

» ¥ Band processing

- Q Postprocessing
EE Accuracy
[T | Classification repart
ﬂ Classification to vec!
B8 Cross classification
&l Reclassification

B3 Band calc

I script

2% Settings

%E User manual

{8} Help

[ About

Use value as NoData | 0 -

Script - RUN P
Output \

Fig. 41: Classification report

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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ITopama: Information about APIs of this tool in Remotior Sensus at this link .

Classification report

Tool symbol and name Description

Select the classification 2 select a classification raster (already loaded in QGIS)

o refresh layer list

I —

il Use value as NoData ' '~ if checked, set the value of NoData pixels, ignored during the
calculation

Script ! add this function to the Script (page 108)

RUN !F': run this function

The tab Output will display the report.

Classification to vector

e Classification to vector (page 95)
e Symbology (page 95)

e Run (page 95)

Semi-Automatic Classification Plugin

i
o
-

Classification to vector =
#f Band set g
& Download products Select the classification -y
» [ Basic tools 0]
— Symbology !
4 [—' Preprocessing T
» ¥ Band processing Use code from Signature list | C_ID - =
v Q Postprocessing

. Dissolve output
FE Accuracy

H: Classification report
ﬂ Classification to vecl
[ Cross classification
E! Reclassification

B Band calc

I script

» 2% Settings

%E User manual

{8} Help

[ About

Script - RUN Fb

Fig. 42: Classification to vector

This tab allows for the conversion of a classification raster to vector GeoPackage (.gpkg) . Parallel
processes are used for the conversion, resulting in a vector output which is split in as many portions as
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the process numbers. The argument dissolve allows for merging these portions, but it requires additional
processing time depending on vector size.

IMopaga: Information about APIs of this tool in Remotior Sensus at this link .

Classification to vector

Tool symbol and name Description

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

0 refresh layer list
Symbology
Tool symbol and name Description

if checked, color and class information are defi-
ned from ROI & Signature list (page 36) * MC

o = Use code from Signature list .~ ID: use the ID of macroclasses * C ID: use the ID
of classes
if checked, dissolve adjacent polygons having the
. same values
o —' Dissolve output
Run

o — Script -

— add this function to the Script (page 108)

e — RUN !"-'=

— run this function

Cross classification

e Cross classification (page 96)

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 that is 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) is created with the same name defined for the .tif
file.
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Semi-Automatic Classification Plugin

= Band set
* Download products

» : Basic tools

» [+ Preprocessing

» ¥ Band processing

+ (@ Postprocessing
EE Accuracy
H: Classification report
¥ Classification to vec
- Cross classification
B4 Reclassification

[ Band calc

W Script

#% Settings

%E User manual

{8} Help

[7 About

Input 3
&)
Cross classification "
w
Select the classification A& z
=3
Use value as NoData | 0 =
Select the reference vector or raster b Q
Vector field b

Calculate linear regression

script - RUN h

Output \

Fig. 43: Cross classification

This tool supports virtual raster output; if the output file name ends with .vrt then the output
is created as virtual raster composed of as many .tif files as the number of CPU threads defined in
System (page 112); for large rasters this can speed up the process.

ITopama: Information about APIs of this tool in Remotior Sensus at this link .

Cross classification

Tool symbol and name

Description

Select the classification

O

Select the reference wvector or

W

raster

O

Vector field

&

—_—

Script n
RUN E?

il Use value as NoData | '

Calculate linear regression

o) select a classification raster (already loaded in QGIS)

refresh layer list

if checked, set the value of NoData pixels, ignored during the
calculation

select a raster or a vector (already loaded in QGIS), used as
reference layer

refresh layer list

if a vector is selected as reference, select a vector field containing
numeric class values

if checked, calculate linear regression between the two input layers

add this function to the Script (page 108)

run this function
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Reclassification

Crross classification (page 97)
Values (page 98)

Symbology (page 98)
Run (page 99)

Semi-Automatic Classification Plugin

Filte
= .
* Download products Select the classification - 0 B

b : Basic tools 0

4

» [» Preprocessing 4

» ¥ Band processing calculate CID to MCID values Calculate unigue values T
QEE“A:_L:::SSIW Incremental new values

n: Classification report 0Old value New value
¥ Classification to vec (4]
' Cross classification
B4 [Reclassification =
[ Band calc
I script »

» #% Settings
Z|z User manual :ﬁ
% Help

[7 About Symbology

Use code from Signature list | MC_ID

Script - RUN P
& i

Fig. 44: 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.

This tool supports virtual raster output; if the output file name ends with .vrt then the output
is created as virtual raster composed of as many .tif files as the number of CPU threads defined in
System (page 112); for large rasters this can speed up the process.

ITopaga: Information about APIs of this tool in Remotior Sensus at this link .

Cross classification

Tool symbol and name Description

Select the classification ¥ select a classification raster (already loaded in QGIS)

0 refresh layer list
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Values

Tool symbol Description
and name
. if checked, the reclassification table is filled according to the ROI & Signature list
calculate )
C ID to MC (page 36) when Calculate unique values is clicked
ID values
Calculate calculate unique values in the classification and fill the reclassification table
unique
)
values
Incremental  calculate a new incremental value (e.g. 1, 2, 3, ...) for every old value and fill the
new values reclassification table
?

=
1

1

add a row to the table

remove highlighted rows from the table

import rules from a text file .csv separated by comma having the following structure
0ld_value,New_value (where Old value cam be also an expression and New value
is an integer value) for instance:: raster < 1,1 (raster > 1) & (raster < 3),2 raster <

3,3

export the reclassification table to a text file (.csv) that can be imported later

The reclassification table is structured with the following fields.

Old value

New value

value or expression defining old values to be reclassi-

fied

integer value for the corresponding 01d
value

01d value can be a value or an expressions defined using the variable name raster (custom names can
be defined in Variable name for expressions (page 111) ), following Python operators (e.g.:

e raster > 3 select all pixels having value > 3 ;

e (raster > 5) |

(raster < 2) select all pixels having value > 5 or < 2 ;

e (raster >= 2) & (raster <= 5) select all pixel values between 2 and 5.

Symbology

Tool symbol and name

Description

. Use code from Signature list |~

if checked, color and class information are
defined from ROI & Signature list
(page 36):

e MC ID: use the ID of macroclasses

e C ID: use the ID of classes

98

Po3pin 3. The Interface of SCP



Semi-Automatic Classification Plugin Documentation, Peni3 8.1.3.1

Run

Tool symbol and name

Description

Script !
RUN !

add this function to the Script (page 108)

run this function

3.4.7 Band calc

Band list (page 100)

Ezpression (page 100)

Output raster (page 101)

Input variables (page 102)

Output variables (page 103)

Functions (page 105)
— Conditional (page 105)
— Logical (page 105)
— Statistics (page 105)
— Operations (page 106)
— Indices (page 106)
— Variables (page 106)

Semi-Automatic Classification Plugin

Filte: [
Band list Filter :‘]
= Band set g
4% Download products Variable
» Z Basic tools @
r [-' Preprocessing 0 T
» ¥p Band processing =
» (@ Postprocessing
B Band calc
I s e ]
b 7% settings Functions =
£|g User manual
{8} Help +
[7 About .
, o
*
Input NoData Use value +| Caleulation
as value asNoData |0 T data type Hoat2
Qutput . | Output R «| NoData . Set Ny Set -
data type floari NoData value 32768 ~ ) mask e scale offset =
. M, . . Pixel
Extent: ¥ [ |ULX uLY LR X LRY Align v | . RUN WX
size i
Fig. 45: Band calc
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The Band calc allows for the raster calculation for bands (i.e. calculation of pixel values) using
NumPy functions. Band calc can also work with multiple expression lines to perform multiple calculation
at a time; several iteration functions are available for Band sets allowing for performing multi-temporal
calculations.

This tool supports virtual raster output; if the output file name ends with .vrt then the output
is created as virtual raster composed of as many .tif files as the number of CPU threads defined in
System (page 112); for large rasters this can speed up the process.

Raster bands must be already loaded in QGIS. Input rasters can also be in different projection, but the
output will have the projection of the reference raster.

ITopama: Information about APIs of this tool in Remotior Sensus at this link .

Band list

Tool  symbol Description
and name

= Band list  table containing a list of single band rasters (already loaded in QGIS) and Input
variables (page 102) defined from Band set

Filter LT filter the variable list
O refresh band list
Expression

Enter a mathematical expression for raster bands. In particular, NumPy functions can be used with the
prefix np. (e.g. np.logl0(rasterl) ). For a list of NumPy functions see the NumPy page .

The expression can work with Variable between ". Double click on any item in the Band list (page 100)
for adding the name thereof to the expression.

If text color in the Expression is green, then the syntax is correct; if text color 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" + "raster2" @calc_1
"raster3" - "raster4" @calc_2

Input variables (page 102) and Output variables (page 103) can be used in the expression.
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Tool symbol and Description

name

& Input if checked, input NoData pixels are replaced by NoData value and accounted in
NoData as value calculation

L4 Use walue if checked, selected value is used as NoData during calculation
as NoData | v

Calculation data select the data type used during calculation as Float32 (default), Int32, Int16,

type UlInt32, Ulnt16, Byte; for instance, if Int32 is selected, input float values will be
evaluated as integer

[

i Punctions  list of Punctions (page 105) names (double click to copy one in the expression)
such as mathematical, conditional, logical, statistics, indices, and custom

' open a text file (.txt) containing custom expressions to be listed in Functions

A text file can be loaded for adding expressions to the Functions. The text 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 Functions. Opening an empty text file
will remove custom expressions from the Functions. Following an example of text content:

NDVI; ( "#NIR#" - "#RED#" ) / ( "#NIR#" + "#RED#" ) QNDVI
EVI; 2.5 x ( "#NIR#" - "#RED#" ) / ( "#NIR#" + 6 x "#RED#" - 7.5 x "#BLUE#" + 1) QEVI
SR; ( "#NIR#" / "#RED#" ) QSR

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.

ITopana: If multiple lines are entered in Expression or output name are defined in line, a directory
selection instead of a file selection is prompted for output.
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Tool symbol and name Description

Output data type | select the output data type as Float32 (default),
Int32, Int16, Ulnt32, Ulnt16, Byte; it can be di-
fferent from Calculation data type

Output NoData value ' '~ set the value of NoData pixels in output raster

NoData mask > manage NoData at pixel level; if True, then
output is NoData if any input is NoData; if
False, then output is NoData if all the inputs are
NoData; if None, then NoData is not applied to
output

X Set scale | v if checked, set a scale in output raster (and output
values are divided by scale)
L4 Set offset v if checked, set an offset in output raster (and offset
is subtracted to output values)

Extent — > UL X ULY LRX LRY
set the extent of the output raster among:

e ,Union“ the extent union of input
rasters

e  Map extent” the extent of the map
currently displayed

e  Intersection: the extent intersection
of input raster extents (i.e. minimum
extent)

e  Custom®: coordinates defined in UL X
ULY LRXLRY

e Layer name: the extent of the selected
layer

Align > align the output raster to a specific Layer name or
,Default” for automatic alignment to input rasters

Pizel size |..T set pixel size
RUN !_"= run this function; it is disabled if the expression

syntax is not correct

Input variables

The following variables related to the Band set (page 45) are available (please note that the character "
is always required):

e bandset#b BAND NUMBER: bands in the active Band set can be referenced directly; the following
example refers to band 1 of the active Band set:

["bandset#bl " J

o bandset BANDSET NUMBER b BAND NUMBER: bands in the Band set can be referenced
directly; the following example refers to band 1 of the Band set 1:

[”bandsetlbl" }

o bandset{ BANDSET NUMBER LIST }b BAND NUMBER: list of all the bands X of all the
Band sets matching a list between curly brackets (e.g. {1,2,3}) or range of Band sets separated
by colon (e.g. {1:3}) or a list of ranges of Band sets (e.g. {1:3, 5:8}), which is equivalent to
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[bandset1bX, bandset2bX, ..., bandsetNbX]; this variable can be used in expressions that
accept band lists such as the sum:

[sum("bandset{l,3}b1") }

e bandset#b*: list of all the bands of active Band set, which is equivalent to [bandset#bi,
bandset#b2, ..., bandset#bX]; to be used in expressions that accept band lists such as the
maximum value:

[max("bandset#b* ") J

e bandset BANDSET NUMBER b*: list of all the bands of Band set N, which is equivalent to
[bandsetNbl, bandsetNb2, ..., bandsetNbX]; to be used in expressions that accept band lists
such as the minimum value:

[min("bandsetlb*") }

o bandset*» BAND NUMBER: list of all the bands X of all the Band sets, which is equivalent to
[bandset1bX, bandset2bX, ..., bandsetNbX]; to be used in expressions that accept band lists
such as the mean value:

[mean(”bandset*bl") }

e bandset{ DATE Yo BAND NUMBER: list of all the bands X of all the Band sets matching a list
of dates (format yyyy-mm-dd) between curly brackets (e.g. {2019-01-01,2019-07-31}) or range of
dates separated by colon (e.g. {2019-01-01:2019-07-31}) or a list of ranges of dates (e.g. {2019-01-
01:2019-01-31, 2019-04-01:2019-07-31}), which is equivalent to [bandset2bX, bandset5bX, ...,
bandsetNbX]; Band sets dates are defined in Band set definition (page 46); this variable can be
used in expressions that accept band lists such as the median value:

[median(”bandset{2019—01—01 ,2019-07-31}b1") }

o «#BLUE#»: the band with the center wavelength closest to 0.475 um;

o «#GREEN#»: the band with the center wavelength closest to 0.56 um;

e «#RED#5»: the band with the center wavelength closest to 0.65 um;

o «#NIR#5»: the band with the center wavelength closest to 0.85 pm; for example:

[( "#NIR#" - "#RED#" ) / ( "#NIR#" + "#RED#" ) J

Output variables

Output names can be defined in the expression line entering the symbol @ followed by the name, such
as the following example:

["rasterl" * 2 Ofirst_calculation }

If the output name is defined in the expression, an output directory will be selected after clicking the
button RUN.

ITontepemxkennsi: It is recommended to avoid the use of characters # and @ in the output raster
name.

It is possible to set the output path directly by defining the output name with this structure
@path@name, such as:
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["rasterl” * 2 O/home/user@first_calculation ]

The directory will be created if it does not exist.

It is possible to create a temporary output (saved in the temporary directory) with @temp@ followed
by output name, such as:

["rasterl” * 2 QOtemp@first_calculation }

The output name of calculation can be used as input variable for the following calculations; for
example:

"rasterl" *x 2 @first_calculation
"first_calculation" + 5 Q@temp@second_calculation
"second_calculation" - "rasterl" @/home/user@third_calculation

It is possible to add the calculation result to a Band set using the symbol % followed by the Band
set number such as:

["rasterl" @first_calculation’l }

It is possible to add the calculation result to the active Band set using the symbol % followed by
the symbol # such as:

["rasterl” @first_calculation’# }

Also, variables for output name are available:
e #BANDSET#: the name of the first band in the Band set (page 45);
o #DATE#: the current date and time (e.g. 20161110 113846527764);

Using the symbol @ followed by the variable #BANDSET# can save the raster calculation inside the
directory containing the first band of the active band set, such as:

["rasterl" O#BANDSET#@f<rst_calculation }

If the output name is defined with the extension .vrt, the output will be a virtual raster referencing
the single . tif files calculated by parallel processing. For instance, the following expression will calculate
the raster with parallel processing and the output will be a .vrt:

["rasterl" @first_calculation.vrt J

Virtual file is useful to reduce calculation time of parallel processing by avoiding the writing of the entire
output raster.

Ilonmepemxennsi: A .vrt virtual file is a text file containing the reference to existing .tif files.
Moving the . vrt virtual file or the .tif files in different directories can make the virtual file unusable.
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Functions

Conditional

e where: conditional expression according to the syntax where( condition , value if true,
value if false) for example:

[Where("rasterl" == 1, 2, "rasterl") J

Parenthesis are required for multiple conditions for instance to select pixel values between 1 and 3:

[where( ("rasterl" > 1) & ("rasterl" < 3), 2, '"rasterl") }

Nested conditions can be defined such as:

[where( ("rasterl" > 1) & ("rasterl" < 3), 2, "rasterl") }
Logical

e AND: AND;

e OR: OR;

e XOR: XOR;

e NOT: NOT;
Statistics

A band list between square brackets or Input variables (page 102) are required arguments.

e max: maximum; for instance:

[max( ["rasterl", "raster2", "raster3"]) }

e min: minimum; for instance:

[min( ["bandset#b*"]) }

e mean: mean; for instance:

Emean("bandset*bl") }

e median: median; for instance:

[median(”bandset{2019—01—01 ,2019-07-31}b1") }

e percentile: percentile  calculation; the  expression must have  this  structure
percentile([band_list], percentile_value); for instance, the following expression calculates
the 10th percentile of active band set:

[percentile("bandset#b*" , 10) }

e std: standard deviation; for instance:

Lstd("bandset{l,B}bl") }

e sum: sum; for instance:
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[sum("bandset {1:5}b1") ]

Operations

e sin: sine; for instance:

[sin("rasterl") }

® (o0s: cosine;

e tan: tangent;

e asin: inverse sine;

® qcos: inverse cosine;

e atan: inverse tangent;

e cxp: natural exponential;
e [n: natural logarithm;

e [og: base 10 logarithm;

Indices

e NDVI: if selected, the NDVI calculation is entered in the Ezpression:

L( "#NIR#" - "#RED#" ) / ( "#NIR#" + "#RED#" ) @ NDVI }

o EVI: if selected, the EVI calculation is entered in the Ezpression:

[2.5 x ( "#NIR#" - "#RED#" ) / ( "#NIR#" + 6 * "#RED#" - 7.5 * "#BLUE#" + 1) @ EVI]

e NBR: if selected, the NBR calculation is entered in the Ezpression:

[( "#NIR#" - "#SWIR2#" ) / ( "#NIR#" + "#SWIR2#" ) QNBR J

Variables

e nodata: NoData value of raster (e.g. nodata("raster1")); it can be used as value in the expression:

[where("rasterl" == nodata("rasterl"), 0, "rasterl") }

e forbandsets: it allows for the iteration over Band sets defined between square brackets; a range
of Band sets separated by colon (e.g. forbandsets[1:3]) or a list separated by commas (e.g.
forbandsets[1,2,3]; forbandsets must be entered in the first line of expressions (not compatible
with forbandsinbandset), for instance:

forbandsets[1:3]
"bandset#bl" Q#BANDSET#

During the iteration, the Input variables (page 102) related to the active Band set are replaced by the
iterator, therefore the expression:

forbandsets[1:3]
"bandset#bl" Q#BANDSET#
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is equivalent to:

"bandset1bl" @calcl
"bandset2bl" @calc2
"bandset3bl" @calc3

It is possible to enter a string (or a list of strings separated by comma ,) after the square bracket 1 to
filter Band sets by the name of first band in Band set; for instance, the following expression will iterate
the first 3 Band sets selecting only the Band set whose name of the first band includes RT:

[forbandsets [1,2,3]RT }

Also, forbandsets: allows for the iteration over Band sets dates (format yyyy-mm-dd, defined in Band
set definition (page 46)) between square brackets, such as the following examples:

Iterating over a range of dates:

forbandsets[2020-01-01:2020-07-31]
"bandset#bl" Q#BANDSET#

Iterating over a list of dates:

forbandsets[2020-02-01,2020-03-11,2020-04-21]
"bandset#bl" Q#BANDSET#

Iterating over a list of ranges of dates:

forbandsets[2010-01-01:2010-06-31, 2010-08-01:2010-08-31, 2010-10-01:2010-12-31]
"bandset#bl" Q#BANDSET#

J

During the iteration, the Input variables (page 102) related to the active Band set are replaced by the
iterator.

It is possible to enter a string (or a list of strings separated by comma ,) after the square bracket ] to
filter Band sets by the name of first band in Band set; for instance, the following expression will iterate
the Band sets in the range selecting only the Band set whose name of the first band includes RT:

[forbandsets[2020—01—01:2020—07—31]RT }

e forbandsinbandset: it allows for the iteration over bands in a Band set or a range of Band sets
between square brackets; forbandsinbandset must be entered in the first line of expressions (not
compatible with forbandsets); the variable # BAND+# must be used to refer to the iterated band
such as the following examples:

Iterating over the bands of the first Band set (note the " in the expression):

where ("#BAND#" > 1, 1, 2) Q#BAND#)

forbandsinbandset [1] }

Iterating over all the bands of Band sets from 1 to 3:

forbandsinbandset [1:3]
where ("#BAND#" > 1, 1, 2) Q@#BAND#)

o #BAND#:

o #BANDSET#: the name of the first band in the Band set (page 45);
o #DATE#: the current date and time (e.g. 20161110 113846527764);
e @: character Q;
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3.4.8 Script

o Script (page 108)

Semi-Automatic Classification Plugin

el
Seript (copy the code in a Python shell)

#F Band set

% Download products
: Basic tools

[+ Preprocessing
¥z Band processing
& Postprocessing
Ed Band calc

I script

2% Settings

£[F User manual

{8} Help

[7 About

|oo) 55

diaH &

Copy | Save to file f

%

Fig. 46: Script

This tab displays the output of the Script buttons that are available in several tools, which ease the
creation of Python scripts using Remotior Sensus.

It is possible to edit or copy the Python code and run it in a Python shell. New code is appended to the
existing one, when using the Script buttons.

Script

Tool symbol and name  Description

EH clear the content of the script
Copy copy the content of the script to the clipboard
Save to file t save the script to file .py
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3.4.9 HanawTtyBaHHs

Bruragka "K Hanrawmysanna 3abesnedye npucrocysBantst SCP 10 BUMOT KOpUCTyBada.

Debug

e Log file (page 110)
o Test (page 110)

Semi-Automatic Classification Plugin

rl.
]
-

& bana ser g

4 Download products v Record detailed events in a Log file m i
| [ Dl ook =
» [-' Preprocessing x
» W Band processing Test dependencies =3
> Q Postprocessing

B Band calc

I script
~ #% Settings

Debug

Interface
Processing setting
Z|z User manual
{8} Help
[7 About

Fig. 47: Debug

This tab allows for the debug of SCP in case of issues, and the check of SCP dependencies.
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Log file

Tool symbol and name Description

a
Record detailed events in a Log file if checked, start recording detailed events in a Log file

4
:tl export the Log file to a .txt file

Test

Tool  symbol Description

and name
Test test SCP dependencies (NumPy, SciPy, Matplotlib, GDAL, PyTorch, scikit-learn,
dependencies Remotior Sensus, Multiprocess, Internet connection)
>
Interface
e ROI style (page 111)

Variable name for expressions (page 111)

e Temporary group name (page 111)
Dock (page 111)

Semi-Automatic Classification Plugin

Filte 5 |
rorstyee W

o

=2

#F Band set

4 Download products ROI color D Transparency 45% F m

- -
> i~ Basic tools Variable name for expressions i
» [+ Preprocessing -
» W Band processing Variable name raster m o
» Q Postprocessing

B Band calc
] Script Group name  Class_temp_group m
v #% Settings
Debug Create RGB composite of band set when a project is loaded

Interface
Processing setting
Z[E User manual
{8} Help
[ About

v Download news on startup

Fig. 48: Interface

This tab includes a few advanced settings of the SCP interface.
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ROI style

Change ROI color and transparency for a better visualization of temporary ROIs on the map.

Tool symbol and name Description

&
ROI color button for changing ROI color

—

Transparency =~ change ROI transparency

x reset ROI color and transparency to default

Variable name for expressions

Set the variable name used in expressions of the Reclassification (page 97).

Tool symbol and name Description

. 1 @ . .
Variable name set variable name (default is raster)
E:"': reset variable name to default

Temporary group name

Tool symbol and name Description

&
Group name e set group name (default is Class_temp_group)

X reset group name to default

~ Create RGB composite of band set if checked, a RGB composite of active band set is added
to the map when a project is loaded
when a project is loaded

Dock

Tool symbol and Description
name

L4 Download if checked, news about the SCP and related services are downloaded on startup
news on startup and displayed in Dock; also, it checks for updates of Remotior Sensus

]
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Processing setting

ae

#F Band set

» Z Basic tools
» [+ Preprocessing
» W Band processing
» (g Postprocessing
B Band calc
I script
#% Settings
Debug
Interface
Processing setting

4

Jg Download products

System (page 112)

Calculation process (page 113)
SMTP process notification (page 113)
e Temporary directory (page 113)

Ezternal programs (page 114)

Semi-Automatic Classification Plugin

s
[

Available RAM (MB) 1024 |3

jooy =7

CPU threads 27

=

disH &

Calculation process

v Play sound when finished v Raster compression

SMTP process notification

| SMTP server user password

V| remember

Send email of completed process to

Z|z User manual
& Help
[7 About
| [4
GDAL installation directory
Fig. 49: Processing
System

Tool symbol
and name

Description

Available
RAM (MB)
(5] ®
CPU threads
sl

[ 1¢

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)

set the number of threads available for processing; it is recommended to set a value
lower than the maximum number of system threads (e.g. if the system has 4 available
threads set value 3)
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Calculation process

Tool symbol Description
and name

v

— Play if checked, play a sound when the process is completed
sound  when

finished

L. Raster if checked, a lossless compression (DEFLATE or PACKBITS) is applied to raster

compression outputs in order to save disk space; it is recommended to check this option to save
" disk space, or uncheck to faster the calculation

SMTP process notification

Tool symbol and name  Description

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

F
user LT the SMTP server user

#
password | T the SMTP server password
Send email of alist of addresses (separated by comma) to send the notification email to

completed process to

T &

Ilonepemxenns: If ~ remember is checked, the password is stored unencrypted in QGIS registry.

Temporary directory

Tool Description
symbol
and name

a

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

EH reset to default temporary directory
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External programs

Some tools require external programs to perform the processing.

Tool symbol and name  Description

GDAL installation di- enter the path to the GDAL directory containing tools such as
- gdal translate and gdalwarp (e.g. /usr/bin); this parameter is usually not
rectory required

3.5 Spectral Signature Plot

The window Spectral Signature Plot includes several functions for displaying spectral signature values as
a function of wavelength (defined in the Band set (page 45)). Signatures can be added to the Spectral
Signature Plot through the SCP dock (page 31).

Overlapping signatures (belonging to different classes or macroclasses) are highlighted in orange in the
table Signature list (page 115); the overlapping check is performed considering MC ID or C ID according

| |
to the setting Use wJ MC ID \d C ID in Classification (page 75). Overlapping signatures sharing

the same ID are not highlighted.

e SCP: Spectral Signature Plot

Signature list

5 MCID MC Name CID~ C Name Color

[

B

o

F:

@

o

L

=

2

o

@

i

z

o

B

=

ol

€

b

&
¥

2\‘ k V| Plot value range v Band lines v Grid Max characters | 15 |2 x=0.780224 y=0.098550

Fig. 50: Spectral Signature Plot
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3.5.1 Signature list

The Signature list is a table that includes the spectral signatures added from the SCP dock (page 31).

S MC ID MC CID C Color

Name Name
checkbox field; if  si- si- si- si- signature color; also, the combi-
checked, the spectral gnature gnature gnature gnature nation MC ID-C ID is displayed
signature is displayed Macrocla Macroclas: Class  Class in case of overlap with other si-
in the plot ID Name ID Name  gnatures

The following tools are available.

Tool symbol Description

and name

remove

1> E100

highlighted signatures from this list

add highlighted spectral signatures to ROI & Signature list (page 36)

calculate the spectral distances of spectral signatures displayed in the plot; distances

are reported in the tab Spectral distances (page 116)

Plot

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.

The following tools are available.

Tool symbol and name

Description

5
¥
2

&

Plot value range

Band lines

A

Grid
Max characters | v
ry

automatically fit the plot to data

save the plot image to file (available formats are . jpg, .png, and .pdf)

if checked, plot the value range for each signature with a semi-transparent
area

if checked, display a vertical line for each band (center wavelength)

if checked, display a grid

set the maximum length of text in the legend
display x y coordinates of mouse cursor inside the plot
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SCP: Spectral Signature Plot

Signature list

S [MCI~ MC Name CID C Name Color
(W 1wt " e e =
3V 3 s 5 E—
k]
& i —— 1#Water; 1#Wate
: —— 2#\/egetation; 2
o ' —— 3#Built-up; 3%B
] 1
u 1
= I
g |
2 ] I
E = I_———-_\__—\
& 2 |
& |
1
1
4 I
= 1
a 1
& 1
o 1
E T T T T T T T
E 0.50 0.75 1.00 1.25 1.50 175 2.00
e Wavelength
1
2\: L v Plot value range v Bandlines v Grid Max characters | 15 |5 x=1.567964 y=0.132211

Fig. 51: Spectral Signature: Example of plot

Signature details

Display the details about spectral signatures (i.e. Wavelength, Values, and Standard deviation). In case
of signatures calculated from ROIs, the ROI size (number of pixels) is also displayed.

Spectral distances

Display spectral distances of signatures (see Signature list (page 115)), which are useful for assessing
ROI separability (see Cnexmpanvia eidcmans (page 144)).

The following spectral distances are calculated :

o Cnexmpanrvhuis kym (page 144): range [0 = identical, 90 = different|; useful in particular for
Kapmoepagdysarns cnexmparvrozo kyma (page 139) classifications

e [Leraidosa sidcmans (page 145): useful in particular for Minimanvnoi sidcmani (page 137)
classifications

e [lodioricms Bpesa-Kepmica (page 145): range [0 = different, 100 = identical]; useful in general

Values are displayed in red if signatures are particularly similar.
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SCP: Spectral Signature Plot

S [CI™ MC Name CID C Name Color

1V 1 water 1 Water I S

2Vl 2 Vegetation 2 Vegetation I

E _|1#Water; 1#Water; Pixel count=722

Ay Wavelength  [0.49 .56 0.665 0.705 0.74 0.783 bo.sa2 p.ses 61 219
Values fo.14122 [p.14608 0.11738 0.11569 0.11444 0.11473 fo.11404  0.1135/0.10627 jo.10497

T [standard deviation0.00156  0.00159  0.00075  0.00075  0.0009 000087  0.00077 00009 [0.00048 [0.00072

L)

E _I!#Vegetat ion; 2#Vegetation; Pixel count=2465

3 || wavelength |0.49 jp.se 0.665 0.705 0.74 0.783 f.8a2  oges |61 [[2.19

S Values [p.13272 |pe726 0.1385 0.21352 042234  0.4768 fo.4905  |0.51066/[0.31444 j0.20635

é [standard deviation[0.00316  [0.00543 0.00505 0.00997 0.02877 0.03365  [0.0376 [0.0352 [0.01395 0.01096

_I:‘\#Built-up; 3#Built-up; Pixel count=65

g | wavelength |0.49 .56 0.665 0.705 0.74 0.783 bsaz  pses 161 219

= | Values [o.2072 [p.23034 0.2496 0.26636 0.30849 0.32466 b.3251  p.3348 [0.33517 jp.29832

a standard deviation 0.01377 [p.01708 0.02298 0.01814 0.02355 0.0271 bo.03783 0.02778/0.02503 j0.02528

©

=

Ly

j= 1§

v

&l

Fig. 52: Spectral Signature: Example of signature details

SCP: Spectral Signature Plot

Signature list

S Acu- MC Name CcID C Name Color
1v 1 Water 1 Water _ =
2/ 2 Vegetation 2 Vegetation _ LE]
3lvl 3 Builtup 3 Builtup R o
S | N #water; t#water
ﬁ _ 2#Vegetation; 2#Vegetation
| Spectral angle 28.93656571020678
% | Euclidean distance 0.767791%751560239
5 | Bray-Curtis similarity [%] 55.372389104823576
S 1 water; ewater
S I +.ilt-up; 3#Built-up
é | Spectral angle [14.25175338549171
| Euclidean distance 0.5627236579779216
g | Bray-Curtis similarity [%] 58.41768672052576
E _ 2#Vegetation; 2#Vegetation
2 | >+suiltup: 3#5uilt up
g | Spectral angle |18.62336782731615
‘% | Euclidean distance 0.357692933743402
_‘31 | Bray-Curtis similarity [%] 82.84164060799289

Fig. 53: Spectral Signature: Example of spectral distances
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3.6 Scatter Plot

The window Scatter plot displays pixel values for two raster bands as points in the 2D space. Scatter
plots are useful for assessing ROI separability between two bands.

SCP: Scartter Plot

MCID MC Mame clD~ C Mame
Band X

Band ¥

Precision |3
Calculate
& [&

Colormap -

N ke

X=0.979253 y=0.208160

Fig. 54: Scatter Plot

The functions are described in detail in the following paragraphs.

3.6.1 Scatter list

The Scatter list is a table that includes the spectral signatures added from the SCP dock (page 31).

S MC ID MC Name CID C Name Color
checkbox field; if checked, the signature signature si- signature si-
spectral signature is displayed in Macroclass  Macroclass gnature Class gnature
the plot 1D Name Class ID Name color

The following tools are available.
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Tool Description
symbol
and name
Band X X band of the plot
T
Band Y Y band of the plot
T
= remove highlighted signatures from this list
i-m add highlighted spectral signatures to ROI & Signature list (page 36)
Ll

— use custom precision for calculation (precision should be selected according significant
Precision  digits): *4=10"**3=10"2*%2=10"2*1=10"1*0=1*-1 =10 *-2 = 102 *-3
. =103

Calculate  calculate the scatter plot for the ROIs checked in the list

H
= remove highlighted signatures from this list
A ¥
:{ii.'..... add a temporary scatter plot to the list (as MC Name = tempScatter) and start the plot

calculation of the last temporary ROI (see Working toolbar (page 41))

ITonmepemxenns: Using a precision value that is too high can result in slow calculation or failure.

Plot

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.

Tool Description

symbol and

name

Colormap  select a colormap that is applied to highlighted scatter plots in the list when 2 is
) clicked; if no scatter plot is highlighted then the colormap is applied to all the scatter

- plots

L

¥ .

v N automatically fit the plot to data

save the plot image to file (available formats are . jpg, .png, and .pdf)
display x y coordinates of mouse cursor inside the plot

8
<
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SCP: Scatter Plot + - 0O X
5 ACI~ MC Name CID C Name Color Band X 7]~
2 2 Vegetation 2 Vegetation _ Band Y 3z
3wl (3 [Buitup 3 [Buitup I
V| Precision |2 v
Calculate
& &
|
0.30 1 [}
0.24 1 r. u
m
=]
c |
5 |
0.18 1
|
0127 [Pt
Colarmap v
T T T T
0.1 0.2 0.3 0.4 0.5 haly
4 +
Band 7
x=0.492757 y=0.081172

Fig. 55: Example Scatter Plot

3.7 Integration in QGIS Processing

Several SCP tools can be accessed from the QGIS Processing Toolbox, and can be used to create models.
The tools are available in the menu Semi-Automatic Classification Plugin.

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh SCP  Progessing Help

DEARRY BV AREE @ % 2 =R -Gy~
"’”@ = ﬁﬁ\DE B B ootooo0  [2[[e0 [+ [ 100 @ S Ho
B®

tBz0 |3

SCP Dock Semi-Automatic Classification Plugin
@ = r = - B
£ - D Training input m b Filter ELCRRE TN Active band set 1 |2 Date NaT Root directory ‘;
I -
ROI & Signature list #F |cand ce Band set ta - =
(v ] 4% Download products Band name Center wavelength Multiplic:
= |Filter » = Basic tools ] @
2 » [+ Ppreprocessing I
) MCID ~ CID Name Type Col » % Band processing =
g E\n » (@ Postprocessing
F = B Band calc n
B [E] I script
w 3 v #% Settings U
5 =] Debug L |
2 Interface =
a Processing setting
= % = user manual
B @ Help =
g Bi [7 About D
.2l x|
- B
e 7]
Y L
[_. ] ) 3 4 5 m
MCID | 1|2 MCName Macroclass 1 J
9 : ' Band quick settings
cio 1|5 CName Class1 T
. ‘Wavelength| Band order - '. Wavelen band niubabe| 2021 ~
 musaie ¥ sgnatre cev
= = e Create virtual raster — Create raster of ban - |
N Build band overview | Band calc expressio | RUN B
ScPDock | Layers oD @ of band set (stack bands) 5
Q Type to locate (Ctri+K) - - T - ug ™ = =

The functions described in the following paragraphs use these conventions:
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Processing Toolbox (%]
- N ON X

Q, Search...

Vector general
Vector geametry
Vector overlay
Vector selection
Vector table
Vector tiles
GDAL

Semi-Automatic Classification Plugin
Remotior Sensus

E Accuracy

B Band calc

F Classification report

H Classification to vector

'3& Clip raster bands

E Combination

n Cross classification

'R Dilation

' Erosion

. Meighbor

W2 PCA

E;I Reclassification
m Sieve

ﬁ,l Split raster bands
5 Stack bands

. | oRoRoRoRoko

L]
e
v

L

Fig. 56: Integration in QGIS Processing Toolbox
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180 v]  Tnput date
Input text
—>} List

¥! Input number

Optional
a . . . .
Configuration stored in the active project of QGIS
&
Configuration stored in QGIS registry
77 Slider
L
’ Table
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KopoTkuii BCTyn Ao AMCTaHUiiHOrO 30HA4YBaHHS

e Ocrosni nonammasa (page 124)
— Howsmma I'IC (page 124)
— Ionammas ducmanyitinoeo sondysanns (page 124)
— Cencopu (page 125)
— Enepzemuuna ceimmicms ma eidbusanvra 3damnicms (page 125)
— Cnexmpanona cuenamypa (page 127)
— Bemenvnui nokpus (page 127)
o Multispectral satellites (page 127)
— Landsat Satellites (page 127)
— Cynymmnux Sentinel-2 (page 129)
— Sentinel-3 Satellite (page 129)
— Cynymnur ASTER (page 130)
— Ipodyxmu MODIS (page 131)
— GOES Products (page 132)
e SAR satellites (page 132)
— Sentinel-1 Satellites (page 133)
o Kaacudirayia semenviozo nokpusy (page 133)
— Konmpoavosana kaacugirayin (page 134)
— Koavoposuii komnosum (page 134)
— Hasuarvni obaacmi (page 135)

— Kaacu ma maxporaacu (page 136)

Anzopummu kaacugdirauii (page 137)

— Machine Learning (page 143)
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— Chexmpaavra sidemans (page 144)
— Pesyavmam xaacudirauii (page 145)
— Ouinka mounocmi (page 146)

e Image processing (page 147)

— Ananiz 2onoenux komnonenm (page 147)

Ianzpomamuune 06’conanna (page 147)
— Cnexmpanoni indexcu (page 148)
— Clustering (page 149)

o [lepepaxynok 3nimka y snauenna sidousasvrnocmi (page 151)
— Enepeemuuna ceimmnicmov na anepmypi cencopa (page 151)

— Bidbusaavricms na nosepxni ammocgepu (TOA) (page 151)

Bid6usaavricms nosepxii (page 152)
— Kopexuis DOS1 (page 152)
e Ilepepaxynor y memnepamypy (page 155)
— Iepepazynor y ackpasicuy memnepamypy na cynymuuky (page 155)

— Ouintosarna memnepamypu 3emnol noseprri (page 156)

o [lepenix nocusans (page 156)

4.1 OCHOBHI NOHATTSA

This chapter provides basic definitions about GIS and remote sensing.

4.1.1 MNownarra IC

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 or 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 MNMoHAaTTA AuMCTaHUIHOIrO 30HAYBaHHS

B szaragpromy posyminni gucTaHIifiHe 30H/AYyBAaHHS € «HAYKA Ta TEXHOJIOTiA 3a JOIMOMOTOI0 SIKUX
XapaKTePUCTUKHU 00’€KTIB iHTEpecy MOXKYTh i1eHTU(IKYBATUCH, BUMIPIOBATUCH Ta aHAJII3YBATHUCH 38 Bijl-
cyTHOCTI Ge3nocepenEboro KoHTakTy» (JARS, 1993).

Y By:KUYOMY PO3YMiHHI JAMCTaHITIfTHE 30H/IyBaHHS II¢ BUMiPIOBAHHS €HEPTil, 0 BUITPOMIHIOETHCS BiJI 3eM-
HOI TIOBepxHi. JKIIo akepesoM eHeprii, mo BuUMipioThest, € CoHlle, To Iie HacUBHE JUCTAHIIiMHE 30H-
AYyBAHHS 1 Pe3yJIbTaTOM TaKOro BUMUPioBanHs Moxke OyTu nudposuit 3uimok (Richards and Jia, 2006).
SIk1mo eneprisi, Mo BUMIpIOETHCS, BUITPOMIHIOETHCs He CoHIeM, a 11aTdOPMOIO CEHCOPa, TAKOIO SIK PaJiap-
Hi cecopH, IO MPAIIOIOTh ¥ MiKPOXBUJILOBOMY Jialla30Hi, TO 16 aKTUBHE JUCTAHIIiiTHEe 30HIyBaHHA
(Richards and Jia, 2006).

EnekrpoMarHiTHmil cIEKTp 1ie «cucreMa, 1o Kiacudikye 3a JTOBKUHOIO XBUJI BCIO eHeprito (Big kopo-
TKOXBHUJIbOBOI KOCMIYHOI /10 JIOBIOXBUJILOBOL PAJIi0), 10 FapMOHIYHO PYXa€ThCsd 3 HOCTIHHOIO MIBUAKICTIO
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ceitma» (NASA, 2013). ITacusHi ceHCOpU BUMIPIOIOTH €HEPIif0 3 ONTHIHUX 00JIaCTel eJIeKTPOMATHITHOTO
crieKTpa: BuAuMol, 6umkHboI iHdpadepsonoi (I9), koporkoxsmibosol I ta Tensosoi I (nue. Pucynok
Eaexmpomaznimnut cnexmp (page 126)).

Bzaemogist MixK COHSTIHOIO €HEpTi€o Ta MaTepiajaMu 3aJIeKUTh BiJl JOBXKWHHU XBUJIi; COHSIIHA €HEPTis
upoxoauth Big Connst 710 3emuti, a moTiM 10 ceHcopa. B3moBx 1poro muisixa cousiaHa eHepris (NASA,
2013):

e ITponukiia - eHepris MPOXOAUTH Yepe3 3 3MIHOK Y IMIBUIKOCTI BiITOBITHO 10 IHIEKCY 3aJI0MJITIO-
BaHHS JJIsI IBOX CEPEIOBUII, PO SKi ii/1e MOBa.

e ITorsimueHa - eHepris nepenacTbcs 06’€KTy Yepe3 eJeKTPOHHI 00 MOJIEKYJIAPHI PeakIril.

e BinGura - enepris moBepraeThcs HE3MIHEHOIO 3 KyTOM BijJIOMBaHHSI, IO JOPIBHIOE KYTY HAJIXO-
TKeHHsI. BimbuBaabHa 31aTHICTD 1€ BiAHOIIEHHST BigOUTOl eHepril a0 Tiel, mo HaaifnIIa 10 Tijla.
Hosxxuna xBuiti Bia6uTol (2 He HOrJIMHEHO!) eHepril Bu3HaYae KoJip 06 ’eKTa.

e Po3cistHa - HanpsaMOK MOIMUPIOBAHHS €Hepril 3MiHIOETHCs BUTIAIKOBO. PoscitoBanus Peitri Ta Mi -
JIBa HAMOILIBIN BAXKJIMBI TUIIU PO3CIIOBaHHS B aTMOCdepi.

e Bunpominena - B jiiicHOCTi, €Heprisd CIOYATKY MOTJIMHAETHCS, & IMOTIM BUIIPOMIHIOETHCST 3HOBY,
3a3BUYall Ha JIOBIIUX JIOBXKUHAX XBUJIL. O0’€KT pO3IrpiBacThCs.

4.1.3 CeHcopu

Cencopu MOXKYTb 3HAXOJIUTUCH Ha OOPTI JliTaka abo CyIlyTHUKA, BUMIPIOIOYH €JIEKTPOMATHITHY Pa/iiallito
y JesIKNX BU3HAYECHUX Jiana3oHax (fKi 3a3BUYail HA3MBAIOTHCS KaHa aMu). B pe3ysbrari, BUMIpIOBAHHSI
KBAHTYIOThHCsL Ta IEPETBOPIOIOTHCs Ha IUdPOBe 300parkKeH s, KOKEH €JIEMEHT SIKOro (To6TO IIKCesb) Mae
JIUCKpeTHe 3HadeHHs B ojuauigx rudposux guces (Digital Number - DN) (NASA, 2013). Pesysabryroui
300pazKeHHsl MalOTh Pi3HI XapaKTepUCTUKU (BUPI3HSUIbHI 37aTHOCTI) 3aJIe2KHO BiJ ceHcopa. Buuiisaors
JIeKiJbKa TUTIB BUPI3HSIJIBHOI 3ITATHOCTI:

e IIpocropoBa BupisHsiIbHA 3JATHICTD, 3a3BUYAil BIJIIOBIIa€ POMIPY IIIKCeJIsl, «Ile BUPI3HSIbHA
3IATHICTh 1HCTpYMeHTa, HeOOXi/IHA Ijisi BHOKpPEMJIEHHsI O0’€KTIiB, IO 3aJIe’KUTh BiJl PO3MIpYy jie-
TekTOpa, (PoKycHOI Bijcrani Ta Bucotu cencopay (NASA, 2013); npocTopoBy POALILHY 3IaTHICTH
TAKOXK HA3WBAIOTh T'€OMETPUIHOIO PO3JIHHOI0 3naTHicTio abo [FOV;

e CriekTpasibHa BUPI3HSJIbHA 3JIATHICTH 1€ KUIBKICTb Ta IOJIOXKEHHS eJIeKTPOMAarHiTHUX CIIe-
KTPiB (10 BU3HAYAIOTHCS JBOMA JOBXKHHAME XBUJIb) cleKTpaidbHux KaHauis (NASA, 2013) Gara-
TOCHEKTPAJIHHUX CEHCOPIB, KOXKHOMY KaHAJIy BiJIIOBi/Tae 300pakeHHsT;

e PaniomerpuyHa BupisHsisIbHA 30aTHICTD, 3a3BU4ail BUMIPIOEThC y Gitax (aBilikoBux rudpax),
11e JIialta30H MOYKJIMBUX 3HAYEHb ICKPABOCTI, SIKHil JIJ1sI 3HIMKA BiJIITOBi/Ia€ MAKCUMAJILHOMY JIiala30-
Hy DN; Hanpukia, 3HIMOK 3 BUPI3HsUIbHOO 31aTHICTIO 8 6iT Mae 256 pisHiB sickpasocti (Richards

and Jia, 2006);

e JIjIsl CyIyTHUKOBHMX CEHCOPIB, € TAKOXK YacoBa BUPI3HAJbHA 3JATHICTb, SKa BiAIIOBimae 1acy,
HEeoOXiIHOMY [IJIsl IIOBTOPHOIO Iepervisiy Tiel camol minsaku 3emiti (NASA, 2013).

4.1.4 EHepreTuyHa CBITHICTb Ta BigOuBasibHa 34aTHICTb

CeHcopu BUMIPIOIOTh €HEPreTUYHY CBITHICTB, SIKa BiJIIIOBIJIa€ SICKPABOCTI Y 3aJaHOMY HAIPSIMKY IO
CEHCOpA; TAKOXK JOIIFHO BUPI3HATH BiZOMBAJIBHY 3JIATHICTH $IK BiTHOIIEHHS BiIOUTOI JI0 3arajibHOI
eHeprii.
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Fig. 1: Eaexmpomaerimnuti cnexmp
3a Victor Blacus (SVG Bepcis File:Electromagnetic-Spectrum.png)
[CC-BY-SA-3.0 (http://creativecommons.org/licenses/by-sa/3.0)]
3a mocepemuunTBoM Wikimedia Commons
http://commons.wikimedia.org/wiki/File/,3AElectromagnetic-Spectrum.svg
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4.1.5 CnekTpanbHa curHaTtypa

The spectral signature is the reflectance as a function of wavelength (see Figure Kpusi cnexmpanvhoi
sidousanvrol sdammnocmi das womupvox pisnur winel (page 127)); each material has a unique signature,
therefore it can be used for material classification (NASA, 2013).

@ :'., :. ."
o - Pl Y
g E ) E e,
R =L ’ £ £
S i \‘;-; —\‘--«_/""-- Pinewoods
o5 .
= ** Grasslands
o R
0 .
5 201 Red Sand Pit
n‘ - -
.t’l - ---.._‘_'__._--_ g
= IHJ L | v et~y ——=—1 Silty Water
0.4 0.6 0.8 1.0 1.2

Wavelength (pm)

Fig. 2: Kpusi cnexmpaavhoi 6i00u6aav10t 30amHOCTIVE 0AA YOMUPLOT PI3HUL Ulael
(3a NASA, 2013)

4.1.6 3emenbHUn NOKPUB

3eMebHUI MOKPUB Iie MaTepiaj Ha 3eMHifl TOBepXHI TaKWil K IPYHT, POCIUHHICTD, BOJA, ac(hasbT
romo (Fisher and Unwin, 2005). KinbkicTs Ta Bu Ki1aciB 3eMeJIbHOIO HOKPUBY, IO MOXKYTh OyTH i/1€H-
TudiKoBaHi Ha 3HIMKY, MOXKYTb iCTOTHO PI3HUTHUCS 3aJI€KHO Bi/l BUPIZHSILHOI 3/TATHOCTI CEHCOPA, .

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 continuously growing with recent images.

4.2.1 Landsat Satellites
Landsat ue cepis 6ararocnekTpajibHux CynyTHUKIB, po3pobiaennx NASA (HanionajibHuM ynpasiHHIM
3 aePOHABTUKM 1 mociizkenns kocmiunoro npocropy CIIA), 3 nouarky 1970-x.

SuivMku Landsat mupoko B:kuBaHi y JOCITIIZKEHHSAX JTOBKLLIsI. Bupisusibhi 31araocTi cencopis Landsat
4 Tta Landsat 5 maBemeni B Tabmuni Hmk4ve (3a http://landsat.usgs.gov/band designations landsat
satellites.php); gacosa BupisHsubHa 31aTHICTh Landsat cranosuts 16 nuis (NASA, 2013).

Kanaau Landsat 4 ma Landsat 5
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Kananun Landsat 4, Landsat 5

Joexunta xeuni [Mikpome-

BupisHsnbHa 3gaTHicTb [MeTpu]

Tpu]
Kanan 1 - Cuniit 0.45 - 0.52 30
Kanan 2 - 3esennit 0.52 - 0.60 30
Kanai 3 - YepBonwmit 0.63 - 0.69 30
Kanan 4 - Buwmxkwuiit indpaveponunit  0.76 - 0.90 30
(NIR)
Kanan 5 - SWIR 1.55 - 1.75 30
Kanas 6 - Terstosuit indpauepBonmit 10.40 - 12.50 120 (mepemuckpernszoBaHa o
30)
Kanan 7 - SWIR 2.08 - 2.35 30

BupisHsibHi 3maTHOCTI ceHcopa Landsat 7 Hasemeno B tabuuii Huzkde (3a http://landsat.usgs.gov
band designations landsat satellites.php); wacosa Bupizusiibna 3paraicrs Landsat cranosurs 16 gmis

(NASA, 2013).

Kanaau Landsat 7

Landsat 7 Bands

Joexunna xsui [Mikpome-

BupisHsinbha spatHicTe  [Mme-

Tpu] Tpu]
Kanau 1 - Cuniit 0.45 - 0.52 30
Kanau 2 - 3enenuit 0.52 - 0.60 30
Kanair 3 - YepBonwmit 0.63 - 0.69 30
Kanan 4 - Bmmxniit indpadepsonnit  0.77 - 0.90 30
(NIR)
Kanan 5 - SWIR 1.57 - 1.75 30
Kanas 6 - Temnosuit indpaepBonmit 10.40 - 12.50 60 (mepeamcKpeTH30BaHA [0

30)

Kanan 7 - SWIR 2.09 - 2.35 30
Kanasn 8 - Tlanxpomaruannii 0.52 - 0.90 15

Bupizussbni 3marnocti cencopa Landsat 8 masemeno B Tabsmni mumxkde (3a http://landsat.usgs.gov

band designations landsat satellites.php); uacoBa Bupizussibaa 3xarHicTs Landsat cranosurs 16 jnuis

(NASA, 2013).

Kanaau Landsat 8

Landsat 8 Bands

[Joexunna xsuni [Mikpome-

BupizHsinbHa 3paTHicTL [Me-

Tpy] Tpy]

Kanag 1 - Y3bepexxuuii a€po30Jib 0.43 - 0.45 30

Kanai 2 - Cumniit 0.45 - 0.51 30

Kanan 3 - 3enenuit 0.53 - 0.59 30

Kanas 4 - Yepsonuit 0.64 - 0.67 30

Kanan 5 - DBamxkniit indpadepsonuit  0.85 - 0.88 30

(NIR)

Kanan 6 - SWIR 1 1.57 - 1.65 30

Kanan 7 - SWIR 2 2.11 - 2.29 30

Kanasn 8 - Tlanxpomaruannii 0.50 - 0.68 15

Kanasn 9 - Ilip’icti xmapu 1.36 - 1.38 30

Kanan 10 - Temmosumit indpadepsonunit  10.60 - 11.19 100 (mepeucKkpeTr30BaHa 10
(TIRS) 1 30)

Kanman 11 - Temmoruit imdpauepsonuit  11.50 - 12.51 100 (nepemuckperuzoBana 10

(TIRS) 2

30)

Benuknit apxiB 3HiMKIB 6€3KOIITOBHO mocTymami Bifg ['eoorivmnol cayxom CIITA . s 61bmn moKma Hol
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indopmMariil 1mo10 6GE3KOIIITOBHOTO 3aBaHTaXKeHHs 3HIMKiB Landsat mraiite .

BuimMkn inenTudikyorbes TpackropigMu ta psakamu WRS (Dnobanbaa cucreMa MiCIepo3TallyBaHHsT
mag Landsat Worldwide Reference System for Landsat ).

4.2.2 CynytHuk Sentinel-2

Sentinel-2 1e GaraTocmekTpaabHUil CymyTHUK, po3pobsennit EBpomeiicbKuM KOCMIYHUM areHTCTBOM
(European Space Agency - ESA) B pamkax nporpamu MuiTOpuHTY 3eMenb Copernicus . Sentinel-2 mae
13 cnekTpajbHUX KaHAJIB 3 IPOCTOPOBOI BUPi3HsIbHOIO 31aTHicTIO 10 M, 20 M Ta 60 M 3aj€:KHO Bij
KaHaJy, sK HaBeJeHo y Tabuuii Hukde (ESA, 2015).

Kanaau Sentinel-2

Kananu Sentinel-2 LletpanbHa poexuHa xBuni [Mikpo-  BupisHsnbHa 3[aTHICTb
meTpu] [meTpu]
Kanas 1 - Y36epexxunit aepo307b 0.443 60
Kanan 2 - Cuniit 0.490 10
Kanain 3 - 3enenuit 0.560 10
Kanair 4 - YepBonwuit 0.665 10
Kanair 5 - YepBonwuit kpait pocaua-  0.705 20
HOCTI
Kanasn 6 - Yepsonwuit kpaii pociaun- 0.740 20
HOCTI
Kanan 7 - YepBonwuit kpait pociuna- 0.783 20
HOCTI
Kanan 8 - NIR 0.842 10
Kanan 8A - Yepsomwmit xpait po- 0.865 20
CJINHHOCT]
Kanan 9 - Bogsina mapa 0.945 60
Kanas 10 - SWIR - Ilip’icti xmapu  1.375 60
Kanan 11 - SWIR 1.610 20
Kanan 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
monitoring 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 m 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 LletpanbHa goexuHa xeuni [MikpomeTtpu]

Oal 0.400
Oa2 0.4125
Oa3 0.4425
Oa4 0.490
0Oab 0.510
Oab 0.560
OaT7 0.620
Oa8 0.665
0a9 0.67375
0al0 0.68125
Oall 0.70875
Oal2 0.75375
Oal3 0.76125
Oal4 0.764375
Oalb 0.7675
0Oal6 0.77875
Oal? 0.865
Oal8 0.885
Oal9 0.900
0a20 0.940
0a21 1.020

4.2.4 Cynytuuk ASTER

Cynyrauk ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer - IToxpa-
nieHnit KOCMIYHUi pajioMeTp TeNJIOBOro BUIIPOMIHIOBaHHsI Ta BinOusanns) Oys samymienuii y 1999 3a
cuiBpobitauirrBa Mizk MinicrepcrBoM MiKHaposaHOI Topirisil Ta ingycrpil Suownil (Japanese Ministry of
International Trade and Industry - MITI) ra NASA. ASTER wmae 14 kanajiiB BUDI3HsUIbHA 3ZaTHICTH
SAKUX 3MIHIOETHCS BiJIMTOBITHO 70 JOBXKUHY XBUJIi: 15 M y BUIMMOMY Ta OJMKHBOMY iHMpattepBonomy, 30
M ¥ KOPOTKOXBUJIbOBOMY iHMpadepsoromy Ta 90 M y remioomy iHdpadepsoromy (USGS, 2015). Kana-
su ASTER oxapakrepuzoBano B Tabauni Huzkde (depe3 Buxij 3 jaiy cencopa mani SWIR, orpumani
micasa 1 kBitHa 2008 menocrynHi ). Jomarkosuit kanan 3B (6imkuiil indpadepsonuit obepruenoro
Ha3a/1 OIJIAly) 3abe3[eUuye Crepeo MOKPUTTS.

Kanaau ASTER

Kananun ASTER JoexunHa xsuni [Mikpome-  BupisHsnbHa 3paTHicTb [Me-
Tpy] Tpy]

Kanau 1 - 3enenuit 0.52 - 0.60 15
Kanasr 2 - YepBonwmit 0.63 - 0.69 15
Kanan 3N - Bawmxwuiit indpadeponumit  0.78 - 0.86 15
(NIR)

Kanan 4 - SWIR 1 1.60 - 1.70 30
Kanan 5 - SWIR 2 2.145 - 2.185 30
Kanan 6 - SWIR 3 2.185 - 2.225 30
Kanan 7 - SWIR 4 2.235 - 2.285 30
Kanan 8 - SWIR 5 2.295 - 2.365 30
Kanan 9 - SWIR 6 2.360 - 2.430 30
Kanam 10 - TIR 1 8.125 - 8.475 90
Kanai 11 - TIR 2 8.475 - 8.825 90
Kanai 12 - TIR 3 8.925 - 9.275 90
Kanan 13 - TIR 4 10.25 - 10.95 90
Kamams 14 - TIR 5 10.95 - 11.65 90
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4.2.5 Mpoayktn MODIS

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 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).

JocrynHi mexijbKa TPOIYKTIB, TAKAX SK BiIOMBAJBHICTH IMOBEPXHI Ta Bererariitai imgekcu. B mpomy
OCIOHUKY MU PO3IVIAIAEMO KAHAJN BiAOMBAJIBHOCTI MOBEPXHI JOCTYIIHI 3 TPOCTOPOBOIO BUPIZHSIBLHOIO
sparuicTio 250 M ta 500 M (Vermote, Roger, & Ray, 2015).

Kanaau MODIS

Kananun MODIS Joexuna xsuni [Mikpome- BupisHsanbha 3gaTHicTb [Me-
Tpu] pu]

Kanas 1 - YepBonwmit 0.62 - 0.67 250 - 500

Kanan 2 - Bumxwiit indpavepsonunit  0.841 - 0.876 250 - 500

(NIR)

Kanau 3 - Cuniit 0.459 - 0.479 500

Kanaur 4 - 3esennit 0.545 - 0.565 500

Kananx 5 - SWIR 1 1.230 - 1.250 500

Kanain 6 - SWIR 2 1.628 - 1.652 500

Kanman 7 - SWIR 3 2.105 - 2.155 500

Hacrynui upomyktu (Bepcis 6, mums. https://Ipdaac.usgs.gov/dataset discovery/modis/modis
products table) mocrynni mus 3aBanraxkenus (Vermote, Roger, & Ray, 2015):

MODO09GQ: moseHHa BiOUBAIBHICTS 3 IPOCTOPOBOIO BUPI3HSILHOW 3maTHicTIO 250 M 3a Terra
MODIS;

MYD09GQ: monenna BiIOMBAJILHICTL 3 IPOCTOPOBOIO BUPI3HAJILHOIO 3xarHicTio 250 M 3a Aqua
MODIS;

MODO09GA: mozeHHa BiIOMBAJIBHICTD 3 IIPOCTOPOBOIO BUPI3HsIbHOKO 3maTHicTio 500 M 3a Terra
MODIS;

MYDO09GA: moznenna BiaOMBaJbHICTL 3 IPOCTOPOBOIO BUPI3HAILHOIO 3xarHicTio 500 M 3a Aqua
MODIS;

MODO09Q1: sBigouBasbHICTH 3 MTPOCTOPOBOIO BUPI3HSILHOIO 37aTHiCTIO 250 M, $K KOMIIO3UT
MODO09GQ (koxKHMii niKceJb MICTHTD HafiKpallle MOXKJIUBE CIIOCTEPEerKeHHs 3a 8-JIeHHuil mepion);

MYDO09Q1: BigbuBaJbHICTE 3 POCTOPOBOK BUPI3HSJIBHOKW 3aaTHICTIO 250 M, K KOMIIO3UT
MYDO09GQ (koxkuwmit miKce b MICTUTD HARKDAIE MOMKJIUBE CIIOCTEPEXKEHHsI 38 8-JIeHHUiT 1epion);

MODO09A1: BifOMBaJIBbHICTG 3 TPOCTOPOBOIO BHUPIZHSUIBHOIO 37aTHICTIO 250 M, $K KOMIIO3UT
MODO09GA (koxkHHMIl KCeab MICTUTh HARKDAIE MOXKJIUBE CIIOCTEPEXKEeHHs 3a 8-JIeHHUil 1epion);

MYDO09A1: BigbuBajibHICTE 3 IIPOCTOPOBOIO BUPI3HSIJIBHOK 3iaTHICTIO 250 M, $IK KOMIIO3UT
MYDO09GA (koxkuuit mikcesib MiCTUTH HARKPAIIE MOXKJIUBE CIIOCTEPEKEHHS 38 8-IeHHUN MepioJ);
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4.2.6 GOES Products

The Geostationary Operational Environmental Satellite-R Series (GOES-R) are geostationary
satellites developed for weather monitoring by the National Oceanic and Atmospheric Administration
(NOAA) and the NASA (NOAA, 2020).

GOES constellation is composed of GOES-R satellite (also known as GOES-16 that replaced GOES-13
on December 2017), and GOES-S satellite (also known as GOES-17, operational since February 2019).
Other satellites (GOES-T and GOES-U) are planned to be launched in the future. For more information
please visit https://www.goes-r.gov/mission/mission.html .

GOES geostationary satellites monitor continuously the same area, a very large portion of Earth surface
with three geographic coverage regions: Full Disk, Continental United States (CONUS), and Mesoscale.
In particular, Full Disk products have hemispheric coverage of 83° local zenith angle, and images are
acquired every 5-15 minutes. GOES-16 monitors from 75.2 degrees west longitude, including America,
the Atlantic Ocean, and the west coast of Africa. GOES-17 monitors from 137.2 degrees west longitude,
including the Pacific Ocean.

GOES sensors include several spectral bands.

GOES Bands

GOES Bands LletpanbHa poexwuHa xBuni [Mikpome- BupisnsinbHa 3patHicTb [Me-
Tpu] Tpu]

Kanam 1 - Cumiit 0.47 1000

Kanas 2 - Yepsonnit 0.64 500

Band 3 - Near Infrared 0.87 1000

(NIR)

Band 4 - SWIR - Cirrus 1.38 2000

Kanan 5 - SWIR 1.61 1000

Band 6 - SWIR 2.25 2000

4.3 SAR satellites

Synthetic Aperture Radar (SAR) is a technique of active remote sensing that is the sensor platform
emits microwaves in order to acquire images of the ground (Richards and Jia, 2006). In fact, the sensor
platform emits the radiation (at a specific wavelength) and measures the magnitude and the phase of
radiation that bounces back from the ground to the sensor.

Unlike passive sensors, SAR systems can work day and night and can penetrate clouds allowing for
the monitoring of surface also with adverse meteorological conditions; depending on the microwave
wavelength, the radiation can penetrate different types of materials allowing for different applications
(NASA, 2020).

The main SAR systems can be divided according to the wavelength as illustrated in the following table
(NASA, 2020):

Main SAR Bands
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Ka-  Wavelength [centi- Application
Han  meters]

X 3.8-24 High Resolution SAR, urban monitoring, ice and snow, little penetration
into vegetation cover

C 7.5—-3.8 global mapping, change detection, ice, low penetration into vegetation
cover

S 15-175 global mapping, agriculture monitoring, medium penetration into
vegetation cover

L 30 - 15 Medium resolution SAR, biomass and vegetation mapping, high penetrati-

on into vegetation cover

Usually, SAR sensors can emit and measure different polarizations (i.e. orientation of the microwaves
of the electric field), for instance vertical (i.e. polarization oriented in the vertical direction in antenna
coordinates) and horizontal (i.e. polarization oriented in the horizontal direction in antenna coordinates)
(ESA, 2020).

SAR systems can acquire in both ascending and descending orbits, however the acquired images are
affected by the different acquisition geometries, which should be considered when mixing ascending and
descending images.

Acquisitions are called swaths and usually they are composed of sub-swaths. With particular acquisition
modes, the resolution of pixels along track (the side parallel to the flight direction) can be different than
slant-range (the side perpendicular to the flight direction).

SAR phase information is used to perform interferometry (also InSAR) to measure the distance from the
sensor to the target (NASA, 2020).

For more information, please read the ESA introduction to SAR and the NASA definition of SAR .

4.3.1 Sentinel-1 Satellites

Sentinel-1 is a Copernicus mission of satellites that operate at C-band to provide SAR imagery at
medium resolution (about 10m).

The Sentinel-1 constellation provides high revisit time (about 5 days), a wide swath (250 km), and acqui-
res images in different operational modes. The primary operation mode on land is the Interferometric
Wide swath (IW), which is data is acquired in three swaths using the Terrain Observation with Progressi-
ve Scanning SAR (TOPSAR) imaging technique (ESA, 2020b).

The Level-1 products systematically delivered by Copernicus are Single Look Complex (SLC, data
comprising complex imagery with amplitude and phase) and Ground Range Detected (GRD, Level-1
data with multi-looked intensity only).

Sentinel-1 supports dual polarization, which are horizontal (H) or vertical (V); VV and VH polarimetric
channels are available to classify and analyze land cover such as built-up areas or vegetation.

4.4 Knacudikauisi 3eMmenbHOro noKpmsey

This chapter provides basic definitions about land cover classifications.
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4.4.1 KoHTponboBaHa knacudikauis

HaniBaBromaruuna kiacudikariisi (Takok KOHTPOJIboBaHa Kiacudikallist) me TexHika o6pobKu 30-
OpazkeHb, sKa J03BOJI€ BU3HAYNUTHA MaTepiajM Ha 3HIMKY BIAIOBIAHO 110 iX CHEKTPAJIBHUX CHTHATYD.
Icnye mexinbka BuIiB aJaropuTMiB Kiacudikariil, ajie TOJIOBHA MeTa 1€ CTBOPEHHS TeMaTUIHOI KapTh
3€MeJTbHOTO TTOKPUBY.

O6pobka 3060azkens Ta mpocroposuit ['1C-ana i3 moTpedyOTh Cleniai30BaHOro MpoOrpaMHOro 3abe3re-
JeHHs Takoro sik Semi-Automatic Classification Plugin s QGIS.

Fig. 3: Bazamocnexmpanvre 306pasicerts 06pobaeHe i CMEOPEHHA KAGCUPIKAUIT 3EMEABHO20 NOKPUBY
(3mimMok Landsat mamamo USGS)

4.4.2 KonbopoBuii KOMNo3nT

3a3BrUUail CTBOPIOETHCSI KOMOIHAIlsl TPHOX 1HAMBIIyaJbHUX MOHOXPOMHUX 300paskeHb, B SAKill KOXKHO-
My NIpHU3HAYAETHCS IIEBHUN KOJIID; Taka KOMOiHAIsl HA3WBAETHCA KOJBOPOBUII KOMIIO3UT Ta KOPHUCHA
Jutst Bisyanbroi iHTepnperanii (NASA, 2013). Kosbposi KOMIO3UTH MOXKYTh GYTH ONUCAHI HACTYITHUM
BHPA30M:

«R G B = Br Bg Bb»

Jie:
e R Bimnosinae Yepsonomy;
o G Bigmosinae 3ejeHOMY;
e B Bignosigae Cunbomy;
e Br e HoMep KaHaJLy, IO ACOIIIOETHCS 3 YEPBOHUM KOJIBOPOM;
e Bg 1ie HoMep KaHaJLy, IO ACOIIIOETHCS 3 3eJIEHUM KOJILOPOM;
e Bb 11e HOMEpP KaHaAIY, 110 ACOIIIOETHCSA 3 CUHIM KOJTHOPOM.

Hacrynauit pucynok Koavoposuli komnosum swimka Landsat 8 (page 135) neMOHCTpYE KOIbOPOBHMIL
komnosur «R G B = 4 3 2» 3nimka Landsat 8 (qyis Landsat 7 anajoriunuit Koabposuii KOMIO3HUT Iie
R G B = 3 2 1; juist Sentinel-2 e R G B = 4 3 2) ta xonpoposuit komnozur «<R G B = 5 4 3» (ast
Landsat 7 amasoriunuii Kosboposuii komiosuT ne R G B = 4 3 2; mua Sentinel-2 ne R G B = 8 4 3).
Kommnosur «<R G B = 5 4 3» kopucHuii jjist inTeprperaiil 300pakeHb TOMY IO IIKCeJi 3 POCJMHHICTIO
BUTJISIIAIOTH IE€PBOHUMHU (3/10POBA POCIMHHICTD BiOMBAE 3HAUHY YACTUHY HAJXIITHOTO CBITJIA B GIIMIKHII
idppavyepBoOHiil 30Hi, IO MPOSIBJISETHCA y BUIMUX 3HAYEHHSIX BiAOWBAJBHOCTI JJIsi KaHAJy D, a BijTak i
BUINUX 3HAYEHHSX JJId [IOB’S3aHOI0 YEPBOHOTO KOJIBODY ).
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RGB = 432 | | RGB = 543

Fig. 4: Koavoposuii komnozum swimxka Landsat 8
laui moctymui 3 T'eomoriumoi cayx6u CIIA

4.4.3 HasuanbHi obnacTi

3a3zBuyaii, KOHTPOILOBaHA Kiracudikallisi moTpedye, Mob KOPUCTYyBad BU3HAYNB OJIHY ab0 JIeKiIbKa 0bJia-
creit intepecy (Regions of Interest - ROI a6o Hap4agbHuX 06JacTeil) s KOKHOIO KJacy 3eMeJIbHOIO
MOKPUBY, IO Bu3HauaeThed Ha 3HIMKY. ROI 1me mosironn okpecieni HABKOJIO OMHOPITHUX JIJISTHOK 30-
OpazKeHHs, [0 HAKJIAJAIOTHCS Ha IKCeJ, siKi HAJIEXKATh /10 OJHOrO KJIACY 3€MEeJHLHOTO MOKPUBY.

Anropntm HapouiyBaHHs obnacri

Asrroput™ HapouryBaHHs 00J1aCTI JO3BOJIsIE BUOpATH MiKCel MOMiOHI JI0 HACIHUHY 3 ypaxXyBaHHSIM CIIe-
KTpaibHOI moaibuocti (To6ro cuekrpaabHol Biacrani) npuseriux nikcesnis. B SCP anropurm zapo-
IyBaHHs 0DJIACTI JOCTYIHUN JJIs CTBOPEHHs HaBdabHuX obsacreil. [lapamerp Bimcranb nos’sa3anwmii 3
NOMiGHICTIO 3HAYEHD MIKCeiB (IMM HIXKYE 3HAYEHHsI, THM OLIbIN MomibHI BUOpaHi mikcesi) g0 HACIHUHE
(BubpaHol KiralaHHsM Ha mikcesi). JlogaTKoBuil mapaMerp e MAaKCUMAaJIbHA [IMPUHA, KA € JIOBXK-
HOIO CTOPOHHU KBaJpaTa 3 IEHTPOM B IIKCe/Ii-HACIHUHI, /IO sIKOIO BIIUCAHA HABYAJIbHA 00/1acTh (aKOU BCi
nikce i MaJjim ofiHi 1 Ti cami 3HAYEHHST, TO HABYAJIbHA 00JIacTh TaKOXK Oyiia 6 KBajaparHoo). MiniMasibHUi
PO3Mip BUKODUCTOBYETHCH B IKOCTI 0OMezkeHHsI (II0OKPEMO JjIsl KOXKHOI'O KaHaJly) IIpu BUOODI mikceJis,
0 € ORI TTOIOHUME 10 HACIHUHU, JTOKHU IX KULIHKICTH He JOCATHE TpUHANMHI MiHIMAaJILHOTO pO3MIpY.

Ha pucysky ITpuraad napowysarms ooaacmi (page 136) meHTpaIbHIN iceab BAKOPUCTOBYEThCS B IKOCT]
HaciHuHuM (a) JIst HApOIyBaHHst 06JacTi oxHoro Kaxasy (b) 3 mapamMeTpoM crekTpasibHol Biacrani = 0.1;
noi6H1 nikcesi BUOMPAIOTHCs JJisi CTBOPEHHsI HaBYasbHOI obsacti (¢ Ta d).
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Max ROl width

Single band values

Spectral Distance = 0.1
0.7 0.7/0.6 Minimum Size = 1 pixel
0.6 0.7/0.7 Maximum ROl width = 5 pixels
0.7 0.8
0.7/0.7|0.7
0.6/0.6/0.7 b)

0.7/0.3 0.4/0.7|0.6
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0.7/0.7/0.7 0.3 0.3

0.6/0.6/0.7 0.3 .,

Fig. 5: IIpukaad napouwysarns obaacmi

4.4.4 Knacn Ta mMakpokiacu

Kiacu 3emMenbHOro mOKpuBY iMeHTUDIKYIOThCA 38 A0BLIbHUMEU KogaMu 1D (To6To yHiKaJIbHUMHE ij1eH-
tudikaropamu). SCP nossosse npusnadaru ID makpoxkiacy (to6ro MC ID) ta ID knacy (ro6ro
C ID), saxi € kogamu-inenrudikaropamu Kiacis 3emenabHoro nokpusy. Makpokdiac 1ie rpyna ROI, mio
maioTh pizui ID Kmacy, gki € 3pyanuMu 3a HeoOXiaHOCTI KiaacudikyBaTu MaTepiain, IO XapaKTepusy-
IOTBCS PI3SHUMM CIIEKTPAJIbHUMH CUTHATYPAMU, ajleé HaJIe?KaTh JIO OJIHOTO KJacCy 3€MeJbHOI'O IOKPUBY.
Hanpukias, MoxHa Biaisante tpaBy (ID kmacy = 1 ta ID Makpokrnacy = 1) 1a gepesa (ID kmacy = 2
Ta, ID Makpoknacy = 1) gk kjac pocauHHOCTi (ID Makpokyacy = 1 ). fK nokasaHo B TaGuuil HUXKYE,
nekinbka ID kmmaciB MmoxxyTs OyTu Bimmeceni 1o ommoro i Toro camoro ID makpokiacy, ame omuu i Toit
camuit ID kmacy me moxke OyTu Bimmecenuit ;o 6aratbox ID makpokiiacis.

Ipuksrad maxporracis

Hasea makpoknacy ID makpoknacy Hassa knacy ID knacy

Pocaunnicts 1 Tpasa 1
PocnuasicTs 1 Lepesa 2
3abyoBa 2 Bynismi 3
3abymoBa 2 Hoporu 4

Bigrak, sik nokazano Ha puc. [puxaad maxporaacy (page 137), Kiaacu € HiMHOXKUHAMU MAKDPOKJIACY.

Axmro mini gocaimkenns He BUMAaralOTh BUKOPUCTAHHS MAaKpPOKJACy, TOAl onuH i Toit camwuit ID makpo-
kytacy Moxke 6ytn npusHadenuit Bcim ROI (manpukian, ID makpokiacy = 1) Ta 3HadeHHsI MAKPOKJIACY
He OpaTUMyThCsI JI0 YBaru B Ipoleci Kiacuikairrii.
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Fig. 6: ITpuxaad maxpokaacy

4.4.5 Anropntmu knacudikau,ii

CunekTpaJibHi curHarypu (ClekTpasibHI XapaKTepUCTUKM) BU3HAUEHUX KJIACIB 3eMEJIbHOIO HOKPUBY
PO3PaxXOBYIOThCs 3 ypaxXyBaHHsIM 3HaueHb Iikceais koxkHOlI ROI, mo mae toit camuii ID kmacy (a6o ID
MakKpokJiacy ). Bixrax, aaropurm kiaacudikarii Kiaacudikye Bee 300parkeHHsl MIJISXOM CIIIBCTABIEHHS Clie-
KTPAJbHUX XapPAKTEPUCTUK KOXKHOI'O IKCeJIsl 3 CIIEKTPAJbHIMI XapaKTePUCTUKAMY BU3HAYEHUX KJIACIB
3emMeIbHOTO OKpuBy. SCP 3maTHmil peasi3oByBaTH HACTYIIHI aJropuTMu Kiaacudikarii.

MinimanbHoi BigcTaHi

Asropury™ MiHiMasbHOT BisicTani pospaxosye EBkiriioBy Bijcranb d(z,y) MiXK CIIEKTPAJIbHUMHA CUTHATY-
paMu mikcesiB 300parkeHHsI Ta HABYAJIHHUME CIEKTPAIbHUME CUIHATYPAMH 3a HACTYIIHOIO (POPMYJIOIO:

ze:
® T = BEKTOp CIEKTPAJIHHOI CUTHATYPH MiKCeJsT 300parkKeHHs;
® y = BEKTOp CIIEKTPAJIbHOI CUI'HATYPHU HABYAJIBHOI 00J1aCTi;
® 1 = KIJbKICTh KaHAJIB 3HIMKA.

Binrak, BiacTamb po3paxoByETHCs MJI KOXKHOTO IKCEsT Ha, 3HIMKY 3 MPUCBOEHHAM KJIACY HAHOIMKIOT
CIIEKTPAJILHOI CUIHATYDHU BIIIOBIIHO 70 HACTYIHOI jucKpuMiHaHTHOI QyHKHl (3 3minamu 3a Richards
and Jia, 2006):

z € Cy = d(z,yr) < d(z,y;)Vk # j
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me:
e ('} = KJIaC 3eMeJIbHOIO IOKpUBY k;
® Y, = CIeKTpajbHa CHTHATYpa Kjaacy k;
® y; — CIIeKTpaJIbHa CUTHATYpPa KJIacy j.

€ MOXKJIUBICTH BU3HAYEHHS IIOPOrOBOI BEJIMYUHU T; 3 METOI0 BUKJIIOYEHHs 3 KJiacudikaliil MmKcesis, 1o
3HAXOIATHCS HUXKYE ITHOTO 3HAYCHHS:

reCy <= dz,yr) < d(z,y;)Vk # j
and
d(‘r7yk) < Tz

MakcumanbHoi BiporigHocTi

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 _
gr(z) = Inp(Cy) — 5o |Zk] — 5(33 — k)" S (@ — )

Je:
e (y, = KJIac 3eMeJIbHOTO TOKPUBY K;
® I = BEKTOP CIEKTPAJIbHOI CUHATYPHU IIKCeJIsT 300parkKeHHs;

p(Ck) = imoBipHicTb, mo BipHuit Kiac e Ck;

e |X;| = BusHauHMK Marpuni KoBapianil Jaxux B Kiaaci Ci;
-1 —

e Y, = obepHeHa MaTpHUIlA KoBapiaril;

® Y = BEKTOD CIIEKTPAJILHOI CUIHATYDU Kjacy k.

TakuMm 94rHOM:

z€Cy < gi(z) > gj(x)Vk # j

Takok € MOXKIUBICTh BU3HAYEHHS TTOPOTOBOI BEJIUYUNHY JUCKPMIHAHTHOI (DYHKITI 3 METOIO0 BUKIIOUECHHS
3 Kutacu(ikallil mKceJiB, M0 3HAXOAIThCS HUYKYe IhOI'0 3HAYEHHs. 3 YpaXyBaHHSIM [TIOPOrOBOI BEJTMINHI
T; ymoBa kiracudikariii HaOyBae BUIVISLY:

z€Cy <= gi(z) > gj(x)Vk #j
and
ge(z) > T;

Kracudikamnis 3a aaropurMoM MaKCHMAJILHOI BIPOTIHOCTI € O/IHIEIO 3 HAMDIIBIN MOMTUPEHNX KOHTPOIHO-
BaHWX Kjacudikariiit, ogHax mporec Kiacudikaiii Moxke OyTH TMOBIILHINNIM TOPiBHAHO 3 Minimanvroi
sidemani (page 137).
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ga(X)

X1 € ga(X)

Fig. 7: IIpuxaad makcumanrvroi ipo2ionocmi

KaprorpadyBaHHs cnekTpanbHOro Kyra

Anropurm kaprorpadyBaHHs CHEKTPAJIBHOIO KyTa PO3PAXOBYE CHEKTPAJIBHHIT KyT MiXK CIEKTPATbHIMU
CHUIHATYPaMH MIKCeJIB 300paskeHHs Ta HABYAILHIMHU CIEKTPAIbHIMU curHarypaMu. ClekTpaibHuii KyT
6 Busnauacrscs gk (Kruse et al., 1993):

1 Z?zl TiYi
I I
(Z?:l x7)? * (Z?:l y7)?

O(z,y) = cos™

He:
® I = BEKTOP CIIEKTPAJbHOI CUTHATYPH IKCEIs 300paKeHHsT;
® ) = BEKTOP CIIEKTPAJIbHOI CUTHATYPH HABYAJIBLHOI 00JIACTI;
® 1 — KIJIbKICTh KaHAJIIB 3HIMKA.

Bigrak mikcesb HAJIEKUTD JI0 KJIACy, MO MA€ HafiMeHIHii KyT, TOOTO:
zeCy <= 0(z,yx) < 0(z,y;)Vk # j

Je:
e () = KJjIac 3eMeJIbHOTO MTOKpUBY k;
® Y = CIEKTpaJbHA CUTHATYpa KJacy k;
® y; = CIEKTpaJlbHa CUTHATYyPa KJacy j.

3 MeTOI0 BUKJIIOUEHHS 3 KJiacuikarlil mKCceIiB HIKYe MO0 3HAYCHHS MOXKJIMBO IIPU3HAYUTHU TIOPOTOBY
Besimauny 1;:
z€Cy = O(z,yr) < O(z,y;)Vk #j
and
9(1‘7 Yk ) < Tz

Ausrroput™ KapTorpadgyBaHHs CIIEKTPAIBHOTO Ky Ta IMTUPOKO 32CTOCOBYETHCsI, 0COOIMBO 3 TEePCIeKTPaIh-
HAMY JTAHIMH.
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Band 2

Band 1

Fig. 8: IIpuxaad kapmoepadysarns cnekmpaivrozo Kyma

Knacudikauis napaneneninega

Knacudikarmia mapaJseserninesa 1me aJroputM, KU BPaXOBY€E JTiala30H 3HAYEHD JJIsT KOXKHOTO KaHAJTY,
dopmyioun GaraTOBUMIpHUIT TapaJiesiernines], Mo BU3HAYAE KJac 3eMeJbHOro mokpusy. llikcenb BimHO-
CUTBCs JIO KJIACy, SIKIIO HOro 3HAYeHHsI 3HAXOAATHCS BCepeuHi mapasiesterinea. OJHUM 3 OCHOBHUX
OOMeKeHb € Te, IO IIKCeJIi, CATHATYPU SIKUX 3HAXOMIATHCA B ODJIACTSX ITEPEKPUTTH JIBOX abo Oijbime
napaJjiesieninesiis, ne Moxxytb 6yru kiaacudikosaui (Richards and Jia, 2006).

Knacudikauis curHatyp 3emenibHOro nNoKpuey

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.

CuekTpaJibHi CUTHATYPH IIKCeJIB 300parkeHHsI IMOPIiBHIOIOTHCS 3 CIIEKTPAJbHUMU HABYAJBHUMU CUTHA-
TypaMu; IIKCeJIb HaJeXHUTh 10 Kiacy X, AKI0 HOoro CleKTpajbHAa CHUIHATYpPa IOBHICTIO MICTHUTHCA B
CIIEKTPAJIbHIN 00JIaCTi, MO0 BU3HAYAETHCA KiIacoM X. Y BUIAJKY, SKIIO IMKCeJ HOTPAILISIOTh 10 00ja-
cri mepekpuTTs abo 1mo3a MexKi Oy/Ib-aKOI CIIeKTPaIbHOI 00JIaCTl, € MOXKJIUBICTh 3aCTOCYBATH JIOIATKOBI
anropurmu Kiaacudikanil (manpukiam, Mirnimaavrotl eidemani (page 137), Maxcumanvnoi sipozidiocmi
(page 138), Kapmozpagysanns cnexmparvrozo kyma (page 139)) 3 ypaxyBaHHSM CHEKTPaJIbHAX Xapa-
KTEPUCTHUK [MEPBUHHUX BXOJIOBUX CUT'HATYD.

Pucynok nimxkue cxemarndano noctpye Kaacudixayia cuenamyp 3emMeabhozo nokpuey JJist IPOCTOrO BU-
MaJKy JBOX CHEKTPAJHHUX KAHAJIB & Ta Y. Bu3HadeHi KOpUCTYBadeM CHEKTPAIbHI 00JIACTI O3HATYIOTH
TpU KJIACH (gq, gp TA gc). TOUKA P HAJIEKUTH J0 KIACY (4, & TOYKA P - JIO Kiacy gp. OJQHaK TouKa
P3 TOTPAILISE BCEPEMHY CIEKTPATIBHUX 00JacTell 060X KIaci gp Ta g. (061acTi, Mo MepeKprBaThHCs );
B TAKOMY BUIIQJIKy TOKa pP3 3aJMIIATHCI HEKJIacu(piKOBaHOW abo Oyje KiaacudikoBaHa 3a J0JATKOBUM
aJIropuT™MoM Kjracudikarii. Touka py 3HAXOAUTHCS 11032 MEYXKAMU Oy/b-sIKOI CIIEKTPaIbHOI 00J1aCTi, TOMY
BOHA 3aJIUIINTHCS HEKJIACH(DIKOBAHOIO ab0 Oyie KiaacudikoBaHa 3a JOIATKOBAM ajrOPUTMOM KJracudi-
Kamii. 3a yMOBH, IO TOYKA Py HAJIEKUTH JI0 KJIACY (., CHEKTPAJbHA 0DJIACTD MOXKE OyTH pPO3IIHUPEHa,
100 BKJIIOYUTH TOUKY Py -

140 Po3gin 4. KopoTkuii BCTyn 40 AUCTAHUIAHOro 30HAYBaHHS



Semi-Automatic Classification Plugin Documentation, Peni3 8.1.3.1

ge p1 € ga

pz € go

pP3 € go & p3 € Q¢
pa unclassified

Fig. 9: Kaacudirayis cuenamyp 3emeavrozo nokpusy

e € nounibunm o Kaacugirauis napasenenineda (page 140), 3a BUKIIIOUEHHSIM TOIO, IO CIIEKTPAJIbHI
00J1acTi BU3HAYAIOTHCH KOPUCTYBadeM i IX BepxHill Ta HIKHIN JiiMiTH MOXKyTh OyTH NIpu3HadeHi He-
zastexkto. CrekTpasbhi 06/acTi MOYKHA YSIBAUTH K HaAGIp CIIEKTPAJbHUX CUTHATYPH BCIX MIKCENIB, 10
HaJIe2KaTh JI0 OJIHOTO KJIACy.

Ha pucysky ['pagix cnexmparvrux dianazonis (page 142) moka3aHo CIEKTPAJbHI Jialla30HN TPHOX KJla-
ciB (ga, gb TA gc); KOJLOPOBI JIiHIT Becepeauni miana3onis (ToOTO HAIIBIPO30POI 06JIACTI) IPEICTABIAIOTH
CITEKTPAJIbHI CUTHATYPHU MIKCEJIiB, IO BU3HAYAIOTH BEPXHIN Ta HIKHINA JIMITH BIAMOBIMHUX Tiala30HIB.
Mikcesb p; (KpankosBa JiiHis) HAJIEKUTH JI0 KJIaCy ¢, TOMY IIO HOro CleKTpajbHa CUTHATYDA 3HAXOIIM-
THCsI TIOBHICTIO BCEPEIMHI HanasoHy Kiacy gp (y BEPXHBOMY JIMITI); miKcenb py (MyHKTHUPHA JIiHisi) He
K1acudikoBanuit, TOMy 110 HOro CleKTpaabHa CATHATYpPA HE BXOJUTDH IMOBHICTIO /IO YKOJHOTO JTialla30HYy;
nikcesib p3 (KPAIKOBA JIiHisI) HAJIEXKUTH JI0 KJIACY Jq.

Bapro 3asnauwTn, mo mi crekTpasibHi TOPOTOBI BEJIMYMHU MOXKYTh OYTH 3aCTOCOBaHI 10 Oy/b-sIKOI CH-
THATYDPH, OE3BIIHOCHO 11 CIIEKTPAJbHUX XAPAKTEPHUCTHUK; I (PYHKINs MOxKe OyT JIy’Ke KOPHCHOIO JIJIst
BiTOKpeMJIEHHST TIOIOHUX CIEKTPAJIHHAX CUTHATYP, IO BiIPI3HAIOTHCS JIUIIE B OTHOMY KaHaJsi, 3 BHU-
3HAYEHHSM IIOPOTOBUX BEJIMYUH, fKi BK/IIOYAIOTh a00 BUKJIIOYAIOTH KOHKpeTHiI curHaTypu. PakTuyHO,
KJIACH BiJIOKPEMJIIOIOTHCSI KOPEKTHO SIKINO IX CHEKTPaJibHI 00JIacTi HE NMEePEeKPUBAIOTHCsI NMPUHANMHI B
OJTHOMY KaHaJI. 3BUYAIHO, HABITH 32 HASBHOCTI MMEPEKPUTTS CIIEKTPAJIBHUX 00J1acTeil € MOXKJIUBICTD, 1110
JKOJIEH MIKCeJIb He NOTPAIUTh /10 0bsacTi nepeKpuTTs i He Oyjie HeBipHO KiacudikoBanuii; Bepxuiii (a6o
HIZKHIN) JimiT obiacri He nepenbadae iCHyBaHHs Ha 300parKkeHHI Oyib-sKOI CIIEKTPAIbHOI CUTHATYDH,
mo Mae MakcumasbHe (abo MiHIMaJIbHE) 3HAYEHHsI Jiana3oHy 3a BeiMa KaHaJamy (HAIPUKJIAL, MKCeshb
math:p 1 pucynka 'padix cnexmpanvrur dianaszonie (page 142) He Mir 6u icHyBaTH).

Opniero 3 ronoBaUX mepeBar Kaacudikauii cuenamyp 3eMeAbHUT NOKPUGI8 € MOXKJIUBICTH BHOOpY Ti-
KCeJB Ta BKJIIOYEHHHA IX CUTHATYD 10 CIEKTPAJbLHOIO [HaNa3oHy; BiaTak, Kaacudikallis IOBUHHA OyTH
6e3mocepeIHIM TTIPEICTaBICHHIM KJIacy, IO OYiKYEThCS JJIsi KOYKHOI CIeKTpasibHol curnarypu. e myzxke
JIOPEYHO Jist Kaacudikalil €MHOTO KJIACy 3€MeJIbHOTO MOKPHUBY (BU3HAUEHOrO 3a CrenudiTHIMHA Crie-
KTPAJIBHUMU IOPOTOBUMU BEJIMUNHAMI ) Ta 3aJIANIA€ HeKIacuhiKOBAHOIO 1HIY YaCTHHY 300parkKeHHsl, sKa
HE IIPeJICTaBJIsIE IHTepeCy s Iiell Kiaacudikarii.
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Fig. 10: I'pagpix cnexmpasvrux dianazonise

Pactp anroputmy

Pacrp asropurmy npeicraBisie «BifcTaHb» (BLAOBIAHO 10 BU3HAYEHHS aJrOPUTMY Kiacudikaril) -
KCeJIst 300paskeHHs JI0 [I€BHOI CIIEKTPAJIbHOI CUTHATYPH.

31e61IIBIITOr0 PACTP AJTOPUTMY CTBOPIOETHCS JJIsI KOYKHOI CIIEKTPAJIBHOT CUT'HATYPH, BUKOPUCTAHOI B STKO-
CTi HaBYAJIbHUX BXOJIOBUX JAHUX. SHAYEHHS KOYKHOTO IMKCEJIS 1€ PE3YJILTAT PO3PAXYHKIB AJITOPUTMY JIJIst
KOHKPETHOI CHeKTpajbHOI curHarypu. Binrax, mikcesnb HajeXKUThb /10 KiIacy X SKINO 3HAYEHHS PacTpa
aNTOpPUTMY, IO BiAMOBimae knacy X € HaltHWKIMM y BUNAAKy Minimanvnoi sidemani (page 137) a6o
Kapmoepadysarns cnexmparvrozo kyma (page 139) (abo maitumnm y Bunanky Makcumanvhoi sipozi-
dnocmi (page 138)).

SasexxHo Bij Kiracudikarii Moxke 6yt 3pobsieHa KOMOIHAIsT PACTPIB AJITOPUTMY, OO CTBOPUTHU PACTP
HafiMeHmUX «BifgcraHed» (TO6TO miKCesi MAIOTh 3HAYEHHS DPACTPA AJITOPUTMY, IO CIIBBIIHOCUTHCS 3
KJIaCOM JIO0 SIKOI'O BOHU HaJlexkaTh 3a Kiacudikanieo). Takum 9unoM, 1eii pactp Moxe 6yTu KOPUCHUM
JIJTsT BUSHAYEHHsI MIKCEJIiB, 0 TOTPeOyIOTh OJATKOBOrO 360Dy MOIIGHUX CIEKTPAJIbHAX CUTHATYD (AuB.
Classification preview (page 44)).
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4.4.6 Machine Learning
Machine Learning is a broad set of classification techniques that aim to build mathematical models based
on training data.
In general, Machine Learning algorithms split the data in (ESA, 2019):
e Training Dataset: the sample data used to fit the model;

e Validation Dataset: the sample data used to tune the model parameters to fit on the training
dataset;

e Test Dataset: the sample data used to provide an evaluation of the final model;

Usually, the training and model evaluation are performed iteratively.

Random Forest
Random Forest is a particular machine learning technique, based on the iterative and random creation
of decision trees (i.e. a set of rules and conditions that define a class).

First, the input features should be defined, which can be spectral bands or ancillary rasters. Hasuanavi
obnacmi (page 135) should be created to define the classes used for training the model.

Random Forest calculates several random decision trees, based on the following parameters:

e number of training samples: is the number of training data (pixels) randomly used to train the
model; it should be set lower than total training input pixels;

e number of trees: is the number of decision trees; the more the number of trees, the more is the
model accuracy, but it also increases the calculation time.

For instance, a decision tree could be defined as:
e class 1 = band 1 > 0.1 —> band 2 < 0.3 —> band 3 > 0.4
e class 2 = band 1 > 0.4 —> band 2 > 0.6 —> band 3 < 0.1
e class 3 = band 1 < 0.7 —> band 2 > 0.1 —> band 3 < 0.5

Random Forest creates several decision trees randomly. Usually, the Gini coefficient is calculated to split
the trees. Therefore, a model based on the decision trees is created and used to classify all the pixels.

A pixel is classified according to the majority vote of decision trees, for example a pixel is classified as
class 1 if most decision trees evaluated it as class 1. Also, a confidence layer is produced, which measures
the uncertainty of the model based on training data.

Random Forest can be used to evaluate the importance of input features, according to the contribution
thereof to the model.

Multi-Layer Perceptron

Multi-Layer Perceptron is a supervised classification algorithm that is based on the definition of an
artificial neural network. A Multi-Layer Perceptron is made of an input layer, one or more hidden layers
(made of a defined number of neurons that are fully connected by non-linear activation functions), and
the output layer (also read this documentation

Several parameters can be defined as described here
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Support Vector Machine

Support Vector Machine is a supervised classification algorithm that is based on the calculation of
hyperplanes in order to separate input data values.

Several parameters can be defined as described at this link

4.4.7 CnekTpanbHa BigCTaHb

1t TOrO, 1106 OIIHUTH, I HOIIOHI KJIaCH HACTLILKY, IO 1€ MOYKE IMIPU3BECTH JI0 TOMUJIOK KJIachpiKaIlil,
JIOLJIBHO OIIHIOBATH CIIEKTPAJbHy BificTadb (200 BIIOKpPEMHICTH) MiXK HABYAJILHUME CATHATYDAMH Ta
nikcessimu. B SCP peasrizoBaHO HACTYITHI aJrOPUTMU JIJTsI OIIHKA TOAIOHOCTI CIIEKTPATBHAX CUTHATYP.

Bigcranb Oyxecbpica-Mauycitu
Bincrans xxedpica-MaryciTu po3paxoBye BiIOKPEMHICTb JBOX PO3MOILIiB iMmoBipHocTeil. e moxke

OyTu 0OCOOJMBO 3MICTOBHO JjIs OINIHIOBAaHHS Pe3yJbTaTiB Kiaacudikamiit Maxcumanviioi eipozidnocmi

(page 138).
Bincrans JIxxedpica-Marrycitu J, pospaxosyerses sik (Richards and Jia, 2006):

Joy=2(1—e""P)

Tie:

Eat+3y
| =5

1 IS S 1
B:x—t<‘xy> r—y)+-n| —2 1
s 2 E-9)ts3 DMEIIME

ae:
® I — BEKTOp IEPINOl CIEKTPAJIbHOI CUTHATYPU;
® Yy = BEKTOD JIPYI'Ol CIIEKTPAJIbHOI CUTHATYPU;
e Y, = MaTpullsd KoBapiamil BUOIpKH T;
e >, = MaTpHId Kopapiarii BUGipKH y;

Bincrann xedpica-MartyciTn acuMnToTHa 10 2, KON CUTHATYPHU abCOTIOTHO Pi3Hi, 1 HAOIMKAETHCA 70
0, KoM CUI'HATYPHU 1JIeHTUYHI.

CnekTpanbHuii KyT

CrekrpaibHuil KyT HaiOLIBIN NPUAATHWI IS OIIHKA aaroputMmy Kapmozpadysarni cnexmpansriozo
kyma (page 139). Cuekrpasbuuii KyT :theta BusHadaeThes sk (Kruse et al., 1993):

1 Z?zl TilYi
I I
(Z?:l 9522) 7k (E?:1 1%2) :

0(z,y) = cos™

He:
® X = BEKTOP CIEKTPaJbHOI CUTHATYPHU IKCEIsT 300parKeHHST;
® Yy = BEKTOP CIIEKTPAJIbHOI CUTHATYPHU HaBYAJIBHOI 00J1aCTi;
® 1 = KIJbKICTh KaHAJIB 3HIMKA.

Cuekrpanbauit KyT ize Big 0, Kosm curaatypu igenrtuani, g0 90, KoJin cUrHATYPH abCOIOTHO Pi3Hi.

144 Po3gin 4. KopoTkuii BCTyn 40 AUCTAHUIAHOro 30HAYBaHHS


https://en.wikipedia.org/wiki/Support_vector_machine
https://scikit-learn.org/stable/modules/generated/sklearn.svm.SVC.html

Semi-Automatic Classification Plugin Documentation, Peni3 8.1.3.1

Esknipgosa BigcTaHb

EskitioBa Bimcranh 0cOOJIMBO KOPUCHA JIJTsi OIIHIOBAHHS PE3Y/IbTATIB Kiaacudikariit Minimaivhol 6i0-
cmani (page 137). PakTHIHO BIJICTAHD BU3HAYAETHCS SK:

ze:
® I = BEKTOP IEPINOI CIIEKTPAJIHLHOI CUTHATYPU;
® 1 = BEKTOP JIPYIOl CHEKTPAJbHOI CUTHATYPH;
® 1 = KiJIbKICTh KaHAJIB 3HIMKA.

EskiinoBa Bimcrans mopiBuioe () SKIMO CHTHATYPH ieHTHYHI 1 3pOCTa€ i3 3POCTAHHSM CIIEKTPAJBHOL
BiJICTaHI Mi2K CUTHATYPaMU.

Mopi6Hicte Bpes-Keprica

Tloxibuicts Bpes-Keprica 1e cratucTtuka, 10 BUKOPUCTOBYETLCS JIJIsI OIIHIOBAHHS CIIOPITHEHOCTI MixK
nBoma Bubipkamu (unraiite). BoHa KOpHCHA 3arajioM Jyisl OIIHKH IOJIOHOCTI CIEKTPaJbHUX CUIHATYD,
noxi6uicrs Bpesi-Keprica S(x,y) po3paxoByerbest sik:

> (i — i)l
S(z,y) =100 — < = = * 100
Doim1 Tit D i

Je:
® I = BEKTOP IEPIIO] CIEKTPAJIbHOI CUTHATYPU;
® Y = BEKTOD JAPYTOl CHEKTPAJBHOI CUTHATYPH;
® 7 — KIJbKICTh KaHAJIB 3HIMKA.

Tloxi6uicTe Bpes-Keprica pospaxoByeTbest y Bijcorkax i 3MiHIO€ThCs Bijt 0, KO CUTHATYPU abOCOJIIOTHO
pisHi, 1o 100, KO CIEKTPAIbHI CUTHATYPH 1IeHTUYH.

4.4.8 Pe3ynbtaT knacudpikauii

PesyabraTom nporecy Kiacudikanii € pactp (quBiThest npukia Kaacudikanii Landsat vHa pucysky K-
cupirauis Landsat (page 145)), ne 3HaYeHHA HIKCEIIB CIIBBIIHOCATLCS 3 yHIKAJILHAMY ineHTrdIKaTOpa-
MU KJIACIB 1 KOXKHUH KOJIIp TPEICTaBIAE KIaC 3eMeJILHOTO TOKPUBY.

374 classifcation
5 I Unclassified
e W water

i

vegetation

vegetation 1
| vegetation 2
B vegetation 3

Fig. 11: Kaacugirxauin Landsat

laui moctymui 3 T'eomoriumoi cayx6u CIIA

IeBHa KUIBKICTD IIOMUJIOK MOYKE TAILIATUCH B Kjacudikallii 3eMeIbHOro mokpuBy (ToOTO IiKcesl BijHe-
CeHl 710 TIOMUJIKOBOIO KJIACY 3€MEJIbHOIO IOKPHUBY) 4Yepe3 CIEeKTPAJbHY HOAiOHICTh KiaciB abo HeBipHe
BU3HAYEHHs KJacy min gac 36opy ROL
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4.4.9 OuiHka TOYHOCTI

Ilicns mporecy kiacudikaril JOMIIBHO OMIHUTU TOYHICTH KJiacudikarlil 3eMebHOIO TTOKPUBY 3 METOIO
imerTudikamil Ta BUMIpIOBaHHs TIOXUOOK KapTH. 3a3BUYail OIIHKA TOYHOCTI BUKOHYETHCS 3 PO3PAXYH-
KOM MATPHIl MMOXHOOK, siKa € TabJUIEI0, IO MOPIBHIOE iH(OPMAIo KapTh 3 KOHTPOJILHUMHI JTaHUMEI
(To6TO 3 MAHMMU TiJCYIyTHUKOBUX CIIOCTEPEXKEHb) Jisl TeBHOI KijbKocTi mpobHux minstHok (Congalton
and Green, 2009)..

Hacrynua Tabaumns cxemMaTudHO 300parkye MaTpUIO MOXUOOK, Je k 1e umcsio KjaciB, mo igeHTudiky-
I0ThCA B Kjacudikariil 3eMesbHOr0 MOKPUBY, & N I 3arajbHa KUIbKICTh 3i0paHux ejeMeHTiB BUOIpKH.
Enementu ocuoBHOl miaronasi (ail) me KiabKicTb BIpHO imeHTH(IKOBAHUX €J€MEHTIB, a iHII eJeMeHTH
ABJISIOTH CODOI0 NOXMOKY Kiracudikarrii.

Czrema mampuii norubox

MigcynytHukoee cnocte- [ligcynytHukose cnocte- ... [ligcynytHukoee cnocte- Cy-
pexxeHHs 1 PeXXeHHs 2 pexeHHs k Ma
Kuaac all a2 coo alg a4+
1
Kinac a9 a2 ... Qog Qo+
2
Kiaac ap ago .. Ok K+
k
Cy- a41 Q42 cee G4k n
Ma

Binrak, MoX/IMBO po3paxyBaTH 3araJbHy TOUHICTH sIK BiJHOIMEHHsT KiJTBKOCTI €JIeMEeHTIB, 1Mo KJacudi-
KOBaHI BipHO (CyMa OCHOBHOI Jiaronaji), o 3arajbHOI Kiabkocti eqementis Bubipku n (Congalton and
Green, 2009).

The overall accuracy (also expressed in percentage) is defined as:

k
0= Zaii/n
i=1

The user’s accuracy for each class is defined as the ratio (also expressed in percentage) between correct
samples and the row total:

Us = aii/ait
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;/ay;
The omission error OF; = 1 — P; corresponds to pixels actually belonging to class i that were classified
erroneously as a different class.

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 Data Users Handbook.
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4.5 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.

4.5.1 AHani3 ronoBHUX KOMMOHEHT
Aunauiz ronosaux xkomnonent (Principal Component Analysis - PCA) ne meros 3MeHIIIeHHsT BUMIPHOCTI
3MiHHUX (KaHasiB) Jio rosoBHEX KommoHeHT (JARS, 1993).

Tpancdopmarlist TOJIOBHIX KOMIIOHEHT HAJIAE€ HOBUil HAGIp KaHasiB (MOJIOBHUX KOMIIOHEHT), SIKi MAIOTh
HaCTyIIHi XapaKTEPUCTUKU: FOJ'IOBHi KOMITIOHEHTU HE KOPEJIIOIOTH; KO2KHa HACTYIIHa KOMIIOHEHTa Ma€ JUC-
[epciro MeHIIly, HiXK HomepeHs KOMIIOHeHTa. Bigrak, e edbeKTUBHUN MeTOJI, BHOKPEMJIEHHST 1H(MOpMAITil
ra yimiasaiosanus ganux (Ready and Wintz, 1973).

VY Bunagxy suiMka 3 N CHEKTpaIbHUMH KaHAJIAMH TOJIOBHI KOMIIOHEHTH OTPUMYIOTHCS PO3PAXyHKOM
marpuni (Ready and Wintz, 1973; Richards and Jia, 2006):
Y =D'X

ze:
e Y = BEeKTOp IOJIOBHUX KOMIIOHEHT
e D = marpulld BJacHUX BeKTOpiB Marpuri koBapiamii C, B mpoctopi X
e { ITO3HAYAE TPAHCIIOHYBAHHS BEKTODA

A X pospaxoByeTbCs sIK:
X=P-M

e P = BeKTOp CIEKTPAJHHUX 3HAUEHD, IO Bi/IIOBIIAIOTH KOXKHOMY ITIKCEJIIO
e M = BeKTOp CepeJiHiX 3HAYEHb, IO BiIMOBIIAIOTH KOXKHOMY KaHATY

Binrax, cepemne X, mo BimoBigae KOXKHOMY KaHaLy cTaHOBUTH 0. D (hOpMYyETbCs BJIACHUMU BEKTOPAME
(marpuni koBapianil C,,), BUOPSJIKOBAHUMU K BJIACHI YHMCJIA B/l MAKCUMYMY J0 MIHIMY, JJisi OTPUMAHHS
MaKCHMAaJIbHOI quctepcil y mepiriit KoMmonenTi. TakuM TrUHOM, TOJIOBHI KOMIIOHEHTH He KOPEJIOI0Th Ta
KO’KHA HACTYIIHA KOMIIOHEHTa Ma€ Jucrepcio mennry, Hixk nomnepenas (Ready and Wintz, 1973).

Bazpnuaii nepmi ABi KommonenTn MictaTh nonan 90% aucnepcil. Hanpukian, mepiira roJoBHA KOMIIO-
HeHTa Moxke OyTu Bijmobpaxkena y Koavoposull komnosum (page 134) st mIKpeCcJeHHS KIACiB 3emenb-
nutd noxpue (page 127) abo BUKOpHCTaHa B SKOCTI BXOJOBUX JAHUX Jid Konwmpoavosana xaacudirauis
(page 134).

4.5.2 lNaHxpomaTunyHe ob’eaHaHHSA

ITarxpomarutane 00’eHaHHS ab0 MAaH-ITAPIEHUHT 1€ MTOEIHAHHS CIEKTpasbHOl iHdopMmarii bararocie-
kTpaibaux Kanaais (MS), gki MaloTh HUKYY BUPIZHAIBHY 31aTHICTD (171 Kanauais Landsat nmpocroposa
BUPI3HAIBHA 30ATHICTH cTaHOBUTL 30 M), 3 IIPOCTOPOBOIO BUPI3HSJILHOK 3JATHICTIO IIAHXPOMATUIHOIO
kanainy (PAN), gaka jga Landsat 7 ta 8 cramosurh 15 M. Pesynbrarom € GararocnekrpasbHe 300pa-
JKEHHsl 3 [IPOCTOPOBOIO BUPI3HAIBHOIO 3JAaTHICTIO MAHXPOMATHYHOro Kaxaiy (tobro 15 m). B SCP 3a-
CTOCOBYETBCSI TTI€PETBOPEHHSI BpoBest, jie IepeTBOpeHi 3HAYEHHST KOXKHOTO 6araToCIeKTPaIbHOrO KaHAIY
pospaxoBytorbest sik (Johnson, Tateishi and Hoan, 2012):

MSpan = MS x PAN/I

je I e IHTeHCUBHICTD, siKa € (DYHKIE 6araToCleKTpaJbHIX KaHAJIIB.
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BinmosinHo 10 jekiibKox TecTiB, npoBeieHnX 3 3acrocyBanusaM SCP, njs | BusHaueHo HACTYIIHI Barosi
koedimientn. s Landsat 8, [nTeHcuBHICTS pO3PAaXOBY€ETHCH SIK:

I = (0.42 * Blue 4+ 0.98 * Green + 0.6 * Red)/2
Is Landsat 7, [HTeHCHBHICTD PO3PAXOBYETHCS SK:

I =(0.42 * Blue 4+ 0.98 * Green + 0.6 * Red + NIR)/3

Fig. 12: IIpuxaad snimka Landsat 8, axuti 6ys niddarnum nanrpomamuuromy ob’ednanmro. Jlisopyw nep-
sunHi bazamocnexmpanvii Kanaau (80 m); npasopyy nanrpomamuuno 06’ednani (15 m)
Jauni mocTtynui 3 TI'eomoriumoil cmyx6m CIIA

4.5.3 CnekTpanbHi iHgekcn

CrekTpaJibHi 1HJIEKCH 16 MaTeMATUYHI Jil MiXK CHEKTPAJIbHUMU KaHAJIAMU CIIPSIMOBAHI HA OTPUMAHHS
indopmarii npo pocaunsnit nokpus (JARS, 1993). Oxun 3 HAHGLIBII NOMYIAPHUX IHJEKCIB I Berera-
uilinuit ingekc HopmasizoBaHoi pizHuni (anrsi. Normalized Difference Vegetation Index - NDVI),
mo Bu3HavaeThes gk (JARS, 1993):

NDVI = (NIR - Red)/(NIR + Red)
Suadvenns NDVI Bapiorors Bixg -1 g0 1. I'ycra Ta 370poBa pOCTHMHHICTD JEMOHCTPY€E BUINI 3HAYEHHS, a

JiITHKY 06€3 POCIUHHOIO TOKPHUBY XapaKTePU3yIOThCsd HU3bKuMH 3nadennsamu NDVIL

Tamnit ingexe ne migcuirenuii Bererauiitumii ingekc (anrr. Enhanced Vegetation Index - EVI), sikuit
HaMara€ThCsl BpaxoByBaTh aTMOC(hepHi epeKTH, TaKi ik eHepreTuYHa CBITHICTD, BinbuTa Bijr arMocdepH,
PO3PAaxoBYyIOUN PIi3HUINO MixkK cuHIM Ta yepBonuM Kanajgamu (Didan,et al., 2015). EVI Busnauaerbea sk:

EVI = G(NIR — Red)/(NIR + C1Red — CyBlue + L)

ne: G macmrabuunii koedimient, C ta Co koedimienTn arMocdepHux edekTiB Ta L GpakTop s ypaxy-
Banust mudepentiitnoro NIR ta gepBoHOro BUIpoMiHHOTO TIepemaBaHHs Yepe3 pocauHHui mostor. Tumosi
sHavenHs KoedinienTis cranopiars: G = 2.5, L =1, C; = 6, Cy = 7.5 (Didan,et al., 2015).

148 Po3gin 4. KopoTkuii BCTyn 40 AUCTAHUIAHOro 30HAYBaHHS



Semi-Automatic Classification Plugin Documentation, Peni3 8.1.3.1

4.5.4 Clustering

Clustering is the grouping of pixels based on spectral similarity (e.g. Esxaidosa sidcmans (page 145) or
Cnexmpanvnut kym (page 144)) 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 Konmpoavosara xaacugirauis (page 134) produces a classification whit
the classes identified during the training 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 particular 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
signatures. The algorithms Fexaidosa sidemans (page 145) or Cnexmpanviut xkym (page 144) 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.

This process continues iteratively producing clusters and mean spectral signatures, until one of the
following condition is verified:

e 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;

e 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 variability (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 parameters provided by user
are:

e C — number of desired clusters
e N,,in = minimum number of pixels for a cluster
e o, = maximum standard deviation threshold for splitting

e D, = distance threshold for merging
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During the first iteration clusters are produced calculating the Eexaidosa eidcmans (page 145) 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:
e N; = number of pixels of cluster ¢
e S; = average spectral signature of cluster ¢
e AVERAGEDIST,; = average distance of cluster ¢ with the seed spectral signature
e AVERAGEDISTANCE = overall average distance of all clusters
e 0;; = standard deviation of cluster 7 in band j
e omax; = maximum standard deviation of cluster i (i.e. maz(o;;))
e k; — band where omax; occurred
e Sk; = value of S; at band k;
e P = number of clusters
Then, for each cluster i, if N; < Npn , then the cluster i is discarded.
If P <= C then try to split clusters. For each cluster i:
e If ommax; > oy :

— If (AVERAGEDIST; > AVERAGEDISTANCE) AND (N; > (2 * Npin + 2) )) OR (C
>2*P):

* create a new spectral signature Sp11 = S;
x in S; set the value Sk; = Sk; + omax;
* in Sp4q set the value Sk, 1 = Sk; - omax;
*x P=P+1
* start a new iteration

If P > (2 * C) then try to merge clusters.

e For each combination zy of spectral signatures calculate Dy, = Esraidosa sidcmane (page 145) of
spectral signatures S, and S, .

e If the minimum D,, is greater than D:
= S_{if = (Ni ¥ S_{i} + N; * S_{7})/(Ni + Nj)
— discard S {3}
-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.
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4.6 lNepepaxyHOK 3HIMKA y 3Ha4YeHHS BigOWBaNbHOCTI

B npomy posaiii HaBemeno irgopMarriio Mmoo crrocody mepepaxyHKy y 3HAUYeHHS BiIOWBAIBLHOCTI, peasti-
zoBanomy y SCP.

4.6.1 EHepretnyHa CBITHICTb Ha anepTypi ceHcopa

Enepreruyna cBiTHICTB 1ie “NIOTIK eHepril (IIepeBazkHO BUIIPOMIHHOT a60 HAAXIIHOL) Ha OJUHUILO IIPO-

CTOPOBOTO KyTa MOBEPXHI, 10 3aJIUIIAE OJUHUITIO ILIOIII TIOBEPXHI B 3a1aHoMy HanpsMky’, “Ereprernana

CBITHICTH BUMIPIOETBHCs CEHCOPOM Ta [EBHOIO MipOIO 3as1eKuTh Bij Bimbusaasaocti” (NASA, 2011, p. 47).

3uimku, Taki sik Landsat abo Sentinel-2, ckiiajatoThes 3 JEKIIbKOX KaHAJIB Ta (Paiijly MeTaJaHuX, KUl
MicTuTh iHGOPMAII0 HEOOXITHY /I IIepepaxyHKy y 3HAYCHHs BiIOMBAJILHOCTI.

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:
WWw.usgs.gov /core-science-systems /nli/landsat /using-usgs-landsat-level- 1-data-product):

Ly=Mp*Qca +Ar

Tie:

e My = 3ajexHWil BiJ KaHAIY MHOXWJIbHUN KOeDII[€HT mepeMaciTaboByBaHHsI 3 METAJAHUX
Landsat (RADIANCE _MULT BAND _x, ze X 1ie HOMep KaHAJLy )

e A; = zajexHuil Bij KaHAJy agauTuBHUIA KoedinienT nepemaciiraboByBanisa 3 Metaganux Landsat

(RADIANCE ADD BAND_x, je X 11e HOMED KaHAJLy)
e (QQcqi = JMCKPETH30BaHI Ta KaJibpoBaHi 3HAUEHHS MiKCeiB cTangapTHOrO npoaykry (DN)

3uimku Sentinel-2 (Level-1C) mocrauarThbest BiKe MOIEPEIHBO 3MACIITA00BAHUME Y Bidousanvricms Ha

nosepxni ammocepu (TOA) (page 151) (ESA, 2015).

4.6.2 BipbuBanbHicTb Ha nosepxHi atmocdepu (TOA)

SHIMKHI y 3HAYEHHSIX €HEPIeTHIHOI CBITHOCTI MOXKYTh OyTH mepepaxoBaHi y BiOWBaIbHICTD HA TTOBEPXHI
armocdepu (TOA) (koMGiHOBaHY BiIOMBAIBHICTD 3eMHOI TOBEPXHI Ta aTMocdhepn) 3 METOK 3MEHIIEHHST
MIHJIMBOCTI MiXK CIIEHAMHU IILJISIXOM HOPMYBaHHSI 3Ha4YeHb €HEePreTHJIHOI OCBITJIEHOCTI COHIIEBUM IIPOMIH-
mamio. Binbusamsuicts TOA (p),), sika € 6e3po3MipHIM BiHONIIEHIAM BinGHTOL 10 3araibHOl IOTYKHOCTI
enepril (NASA, 2011), po3paxoByerbest sK:

pp = (7% Ly % d*)/(ESUN) * cosf)

me:

e [ = CIeKTpaJibHa I'YCTHHA €HEPreTUYHOI CBITHOCTI Ha anepTypi ceHcopa (eHepreTudHa CBITHICTH
HA CyIyTHUKY )

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 FSUN), = cepemns exk3zoarmocdepHa eHEPreTHIHa OCBITJIEHICTh COHIIEBUM TPOMIiHHSIM
e 0, = coHIeBUil 3eHITHUI KyT B Ipajycax, skuii popisuioe 05 = 90° - 0., ne 0. e Bucora CoHIlst

Bapro 3ayBaxxuru, o jgani Landsat 8 mocrauaroTbes 3 3a/1€2KHUME Bl KaHAJTy KOeMIliEeHTaMU [IepeMac-
mrTabOBYBaHHS, SKi JIO3BOJIAIOTH 3MifiCHIOBATH Oe3mocepenne nepepaxysanis 3 DN mo BimbmBaabHOCTI

TOA.

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 ).
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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.

4.6.3 BigbuBanbHicTb noBepxHi

st BuMiproBaHHs BiIOMBAJILHOCTI Ha 3eMHINl TOBEpXHI MOBUHEH OYTH BpaxOBaHWI BIINB aTMocdepn
(To6TO0 36ypeHHs! BiIOUBAIBHOCTI, sIKe 3aJI€2KATH BiJl JTOBXKUHUA XBUJIL).

Bignosiguo no Moran et al. (1992), BigbuBasbHicTh 3eMHOT moBepxHi (p) 1e:
p=[m*(Ly— L) xd?*|/[T, x (ESUNy * cosfs * T..) + Edown)]

ze:
e [, emepreTnvHa CBIiTHICTB, BimbuTa Bif arMocdepn
e T, mpomycKaJbHa 3aTHICTL aTMOCKhEPH B HAIIPAMKY OTJISIITY
e T, IpOIyCKAJIbHA 3IATHICTH aTMOC(epu B HAIPSIMKY OCBITJIEHHSI
o FEjown HU3XIJIHA €HEPreTUYHA OCBITJIEHICTH PO3CISHUM TPOMIiHHAM

Takum 4uHOM, IUIS PO3PAXYHKY p HEOOXIJHO IIPOBECTH JeKiibKa arMochepHUX BUMIPIOBaHb (3 METOIO
OTPMMAaHHSI TONPABOK Ha mimcraBi abcomoTHnX (isnvHMX BesmunH). B sKOCTI ajbTepHATHBA MOXKHA
CKODUCTATUCh BITHOCHMMM TexXHIKamMu Ha OCHOBi 3HIMKA, siKi He Iepej 0avaroTh IPOBEIEHHS I10-
3a,1a60paTOPHUX BUMIDIOBAHBb ITiJI YaC OTPUMaHHS 3HIMKa. Bapro 3a3HaunTw, mo st gaHux Landsat
8 mocrynui Surface Reflectance High Level Data Products (g 6iabm pokimansol indopmarii
quraiite http://landsat.usgs.gov/CDR__LSR.php).

4.6.4 Kopekuis DOS1

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 = Loin — LDOI%

Te:

e L,.n = «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 (DNpin)

e Lpo19 = eHepreTudHa CBITHICTH TEMHOrO 00’€KTa, IO 3a NPUILYIEHHAM Ma€ 3HaAYeHHs BiJONBaJIb-
nwocti 0.01

3okpema Jy1st 3HiMKIB Landsat:
Lmin = ML * DNmzn + AL

3uimku Sentinel-2 mepepaxoByIOTbCS y 3HAYEHHSI €HEPreTUIHOI CBITHOCTI [0 MPOBEIEHHS PO3PaXyHKIB
DOSI1.
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The radiance of Dark Object is given by (Sobrino et al., 2004):
Lpo1 = 0.01 % [(ESUN) * cosOs * T.) + Egown] * T, /(7 % d*)
Takum TnHOM, €HEPreTUYHA CBiTHICTB, BimOuTa Bim aTMocdepu, CTaHOBUTH:
L, = My % DN,yin, + A — 0.01 % [(ESUN, % cosOs x T..) + Egown) * Ty /(7 % d°)
Icnye mexinmbka rexuik DOS (3okpema DOS1, DOS2, DOS3, DOS4), 1o rpyHTYIOTbCA Ha PI3HUX [IPH-

nymeHsax mogao 1y, T, ta Egown - Haitmpocrimum merogom € DOS1, sikuil BUXOAUTH 3 HACTYIIHUX
npunymesb (Moran et al., 1992):

o T, =1
o T, =1
.Edown:0

Takum unHOM, €HEpPreTuvHa CBiTHiCTB, BigOuTa Bijg arMmocdepwu, cTaHOBUTH:
L, = My, % DN,yin + Az — 0.01 x ESUN),  cosfls/(m * d?)
Pesynbryroua BigbuBasbHiCTh 3€MHOT MOBEPXHI BU3HAYAETHCS 34
p=[m*(Lx — L) x d*]/(ESUNj * cosfy)

B macryuniit Tabaumi Hasenerno 3uadenast ESUN [W /(m2 * pum)| nost cerncopis Landsat.

Bnavwenns ESUN das wananie Landsat

Ka- Landsat 1 Landsat 2 Landsat 3 Landsat 4 Landsat 5 Landsat 7
Han MSS* MSS* MSS* TM* TM* 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

* 3a Chander, Markham, & Helder (2009)

** 3a http://landsathandbook.gsfc.nasa.gov/data prod/prog sect1l 3.html

For Landsat 8, ESUN can be calculated as (from http://grass.osgeo.org/grass65/manuals/i.landsat.
toar.html ):

ESUN = (7 *d*)+ RADIANCE_ MAXIMUM/REFLECTANCE MAXIMUM
ne suadennss RADIANCE MAXIMUM ta REFLECTANCE MAXIMUM naBeneni B MeTaIaHuX 3HIM-

Ka.

Buauennst ESUN [W /(m2 * pum)] mis cencopa Sentinel-2 (HaBeneni B MeTaaHnx 3HIMKA) MICTSTHCS B
HACTYIHI TabJmIi.

Snavennas ESUN dasn xananie Sentinel-2
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Kanan Sentinel-2

1 1913.57
2 1941.63
3 1822.61
4 1512.79
) 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).

Bnavuenns ESUN das wananiec ASTER

Kanan ASTER

1848
1549
1114
2254
86.63
81.85
74.85
66.49
99.85

© 00~ O T Wi+

Ipukian nopisasaaga Bimdusaabaocti TOA, DOS1 ckopurosanoi sigousasbaocti Ta Landsat Surface
Reflectance High Level Data Products (migcymyTHUKOBe criocTeperkeHHsi) HaBeleHO Ha Pucynky Cne-
KMpaivii cuznamypu nikceas 3abydosu (page 154).

0.3
0.25
0.2

1
1y = TOA

= DOS1
0.1 Surface Reflectance

Value

0.05

0
0.4 0.6 08 1 1.2 1.4 16 1.8 2 2.2 24

Wavelength [um]

Fig. 13: Cnexmpanavri cuenamypu nikceis 3abydosu
lopisrarua BimbmsampHOCTi TOA, DOS1 ckropmromsaHol BinmbuBampHOCTi Ta Landsat Surface Reflectance
High Level Data Products
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4.7 lepepaxyHOK y TemnepaTtypy

B nipoMy posmisii HaBemeHo oCHOBHY iH(MOPMAIIIIO MO0 cocoby mepepaxyHKy v sicKpaBicHY TeMmepa-
TYpy Ha CyHyTHUKY, peasizoBanoMmy y SCP Ta OIiHKA TeMOepaTypH 3€MHOI ITOBEPXHI.

4.7.1 lNepepaxyHOK y SICKpaBiCHY TeMnepaTypy Ha CynyTHUKY

For thermal bands, the conversion of DN to At-Satellite Brightness Temperature is given by (from
https://www.usgs.gov /core-science-systems/nli/landsat /using-usgs-landsat-level- 1-data-product ):

TB = Kg/ln[(Kl/LA) + 1}

ze:
e K = 3asiexkHa BiJ| KaHAJY CTaja TepMAaJbHOro 1epepaxyHky (Br/m kB. * crepamian * pum)
e K, = 3asiexkHa BiJ KaHAJy CTaja TepMaJsbHOro nepepaxyHky (Kesbsi)

Ta L) CcHekTpajibHa I'yCTHHA €HEPreTUYHOI CBITHOCTI HA anepTypi ceHcopa, mo BUMIpIoeThest y Br/(M KB.
* crepagian * um).

Craui Ky ta Ko ms cercopis Landsat HaBeneHo B HACTYIIHIM TaO/IUII.

Cmani mepmanvrozo nepepaxynky s Landsat

Crana Landsat 4* Landsat 5* Landsat 7**

K 671.62 607.76 666.09
K, 1284.30 1260.56 1282.71

* 3a Chander & Markham (2003)
** 3a NASA (2011)

st Landsat 8 snauenns K; ta Ko HABOAATHCA B (baili MeTaJaHuX 3HIMKA.

K, ta K5 pospaxoByiorhes gk (Jimenez-Munoz & Sobrino, 2010):
K1 =C1 /)\5

Ko =co/A
ne (Mohr, Newell, & Taylor, 2015):
e ¢, — mepmra craja BEOpoMiHoBaEHEA = 1.191 % 1016 m?2sr—!
e ¢, — Jpyra craja BunpoMinioBanua — 1.4388 x 107 2mK

Takum unnoM, syt Kanatis ASTER K; ta Ko HaBejeHO B HACTYIHIN TabJIHII].

Cmani mepmanvrozo nepepaxynky s ASTER

Crana Kanan 10 Kanan 11 Kanan 12 Kanan 13 Kanan 14

K, 3.024 % 103 2.460 % 10>  1.909 103 8.900 102  6.464 * 102
Ky 1.733%10° 1.663 %103 1.581%10% 1.357 103 1.273 % 103
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4.7.2 OuiHOBaHHA TemMnepaTypu 3eMHOI NOBEpPXHi

Several studies have described the estimation of Land Surface Temperature. Land Surface Temperature
can be calculated from At-Satellite Brightness Temperature Ts as (Weng et al., 2004):

me:

T=Tg/[14+ (AxTg/ca) xin(e)]

A\ = JIOBKWHA XBUJIi BUIMTPOMIHEHOI €HEPTeTUIHOI CBITHOCTI
ca=hxc/s=14388x10"2 m K

h = craa Ilnanka = 6.626 * 10734 IIx ¢

s = crama Bompmvana = 1.38 x 10723 Ik /K

¢ = mBuKicTh cBitaa = 2.998 x 108 M/c

SHavyeHHs A JJIsi TepMajbHUX KaHa B cymyTHukiB Landsat ta ASTER moxyTb OyTu pospaxoBani 3
rabiunp B Landsat Satellites (page 127) ta Cynymuux ASTER (page 130).

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).

Bravenns 6unpomMiHHoCm

Twun 3emHoi noBepxHi  BunpomiHHicTb e

[ pynr 0.928
Tpasa 0.982
Acdagbr 0.942
Beron 0.937
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Po3zain 5

Basic Tutorials

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: Basic Land Cover Classification

The following is a basic tutorial about the land cover classification using the Semi-Automatic Classifi-
cation Plugin (SCP). It is assumed that you have a basic knowledge of QGIS. Following the video of the
tutorial.

https://www.youtube.com/watch?v=7SZDCFXjIbA

e Tutorial 1: Basic Land Cover Classification (page 159)
— Download the Data (page 160)

Define the Band set and create the Training Input File (page 160)
— Create the ROIs (page 162)
— Create a Classification Preview (page 166)

— Create the Classification Output (page 172)

5.1.1 Tutorial 1: Basic 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 Kopomxuii scmyn do ducmanuitinozo sondysanns (page 123) before following
this tutorial.

The purpose of the classification is to identify the following land cover classes:
1. Water;
2. Built-up;

3. Vegetation;
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4. Soil.
The basic steps are:
1. the definition of input data (image bands) in a Band set (page 45);
2. the creation of a Training input (page 33) to collect training areas to train the classification algorith;

3. the Classification (page 75) of input data.

Download the Data

Other tutorials will show how to search and download satellite images within SCP. In this tutorial we
are going to use a Cynymnux Sentinel-2 (page 129) image, already converted to reflectance and clipped
to the study area, downloading a .zip file (which contains modified Copernicus Sentinel data 2023).

The study area of this tutorial covers part of the Lake Garda in the Northern Italy. Download the .zip
file from this link and extract the directory containing the image bands.

Define the Band set and create the Training Input File

We are going to use a subset of Cynymmnux Sentinel-2 (page 129) 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

First, we need to define the Band set which is the input image for SCP classification. Open the tab Band

o
set (page 45) clicking the button e 4 in the SCP menu (page 29) or the SCP dock (page 31).

Click the button ' to select the .tif files from the extracted directory to the Band set tab.

ITopama: It is possible to define multiple Band sets. It is also possible to add to a Band set bands that
are already loaded in QGIS. Each Band set definition is saved with the QGIS project.

In the table Band set definition, we need to order the band names in ascending order and assign the
center wavelength to each bands (required for spectral signature calculation). We can do this in one step
by selecting Sentinel-2 in the Wavelength list of the Band quick settings (page 47).

We can display a Koavoposuii komnosum (page 134) of bands: Near-Infrared, Red, and Green.

ITopana: If a Band set (page 45) is defined, a temporary virtual raster (named Virtual Band Set 1)
is created automatically, which allows for the display of a Koavoposuii xomnosum (page 134).
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Semi-Automatic Classification Plugin
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Fig. 1: Definition of a band set

In the Working toolbar (page 41), click the list RGB= and select the item 7-3-2 (corresponding to the
band numbers in Band set (page 45)). You can see that Virtual Band Set 1 is added to QGIS Layers
as multiband image, and the displayed bands correspond to the selected color composite.

Because we selected Near-Infrared, Red, and Green bands, in the map, vegetation is highlighted in red.
Selecting the color composite 3-2-1, natural colors would be displayed.

" *= _—QGIS a8 x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh SCP Processing Help
DEBAREY EHI-m-@- B-0-0-0-

SNEEE 2 - A A ONEIEE () EE oo sEMes Moo 3 O DETTNES (Vo [H200 74

Layers B®
o e T -BAL

irtual Band Set 1 [©]
W Band 07: 0.842 pm
[ Band 03: 0.665 pm
W Band 02: 0.56 pm

SCP Dock | Layers

% ¥ Render @EPSG:32632 @

Q Type to locate (Ctrl+K) Coordinate 628459, 5034330 $§ Scale|1:42371 ~ | @ Magnifier 100% % Rotation | 0.0°

Fig. 2: Color composite RGB="7-3-2

After Band set (page 45) creation, we need to create a Training inpul (page 33) file in order to collect
Hasuwanvni obnacmi (page 135) (ROIs) and calculate the Cnexmpaavha cuenamypa (page 127) thereof
(which are required to train the classification algorithm).

In the SCP dock (page 31) select the tab Training input (page 33) and click the button |:i to create
the Training input (define a name such as training.scpx).
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IMopana: A Training input is a .scpx file which stores the geometries and the spectral signatures. Once
it is created, it is configured with the wavelength properties of the corresponding Band set. To use a
Training input create with a different Band set, one should create a new Training input, and then import

i
the existing Training input with & Import library file (page 54) .

The path of the file is displayed and a vector is added to QGIS layers with the same name as the Training
mput.

ITonepemxennsi: In order to prevent data loss, one should not edit the Training input using QGIS
vector tools.

Create the ROls

We are going to create ROIs defining the Kaacu ma maxporaacu (page 136). Each ROI is identified by
a Class ID (i.e. C ID), and each ROI 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 use the Macroclass IDs defined in the following table.

Macroclass name  Macroclass ID

Water 1
Built-up 2
Vegetation 3
Soil 4

ITopama: ROIs can be created by manually drawing a polygon or with an automatic region growing
algorithm.

In the map zoom over the dark blue area in the upper left corner of the image which is a water body. To
= El
E
manually create a ROI inside the dark area, click the button &« " in the Working toolbar (page 41). 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 (page 33)).

ITopaga: You can draw temporary polygons (the previous one will be overridden) until the shape covers
the intended area.

If the shape of the temporary polygon sufficiently covers the water area, we can save it to the Training
input (page 33).

Open the Training input (page 33) to define the Kaacu ma maxporaacu (page 136) . In the ROI &
Signature list (page 36) set MC ID = 1 and MC Name = Water; also set C' ID = 1 and C Name =

=]
Lake. Now click to save the ROI in the Training input.
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Fig. 3: Definition of Training input in SCP
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Fig. 4: A temporary ROI created manually

After a few seconds, the ROI is listed in the ROI & Signature list (page 36) and the spectral signature

I |
is calculated (because Ld Signature is checked).

As you can see, the C'ID in ROI & Signature list (page 36) is automatically increased by 1. Saved ROI is
displayed as a dark polygon in the map and the temporary ROI is removed. Also, in the ROI & Signature
list (page 36) you can notice that the Type is RS (i.e., ROI and spectral signature), meaning that the
ROI spectral signature was calculated and saved in the Training input.

Now we are going to create a second ROI for the built-up class using the automatic region growing

algorithm. Zoom near the center of the image. In Working toolbar (page 41) set the Dist value to 0.03

. Click the button in the Working toolbar (page 41) and click over the light blue area of the map.
After a while the orange semi-transparent polygon is displayed over the image.

ITopama: 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 (page 36) set MC ID = 2 and MC Name = Built-up ; also set C' ID = 2
(it should be already set) and C' Name = Buildings.

Again, the C ID in ROI & Signature list (page 36) is automatically increased by 1.

Create a ROI for the class Vegetation (red pixels in color composite RGB=7-3-2) and a ROI for the
class Soil (bare soil or low vegetation) (yellow pixels in color composite RGB=7-3-2) following
the same steps described previously. The following images show a few examples of these classes identified
in the map.

IMopaga: It is possible to display the Spectral signatures of created ROIs in the % Spectral Signature
Plot (page 114).
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Fig. 5: The ROI saved in the Training input
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Fig. 6: A temporary ROI created with the automatic region growing algorithm

Create a Classification Preview

The classification process is based on collected ROIs (and spectral signatures thereof). It is useful to
create a Classification preview (page 44) in order to assess the results (influenced by spectral signatures)
before the final classification. In case the results are not good, we can collect additional 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 (page 36), 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 ROT & Signature list (page 36).

Now we need to select the classification algorithm. In this tutorial we are going to use the Maxcumanvroi
sipozidnocmi (page 138).

Open the tool Classification (page 75) to set the use of classes or macroclasses. Check Use Ld Class
ID and in Algorithm (page 76) select the Mazimum Likelihood. The input band set is 1 because it is the
number of the band set containing the image (bands) that we want to classify.

..I_

In Classification preview (page 44) set Size = 300; click the button Ml 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 the clicked coordinates.

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 (page 75) check Use M-J MC

ID and click the button in Classification preview (page 44). The preview now represents the colors
defined for macroclass.
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Fig. 7: The ROI saved in the Training input
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Fig. 8: Vegetation. Color composite RGB = 7-3-2
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mo

Fig. 9: Soil. Color composite RGB = 7-3-2
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Fig. 10: Definition of class colors
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Fig. 11: Setting the algorithm and using C ID

Fig. 12: Classification preview displayed over the image using C' ID
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Fig. 13: Classification preview displayed over the image using MC ID

ITopapa: It is useful to perform a classification preview every time a ROI (or a spectral signature)
is added to the ROI & Signature list (page 36), in order to assess the contribution thereof to the

classification; if the ROI causes errors, it can be removed from the Training input with the button = .

Create the Classification Output

Assuming that the results of classification previews show a good agreement with the image (i.e. pixels
are assigned to the correct class defined in the ROI & Signature list (page 36)), we can perform the
actual land cover classification of the whole image.

In Classification (page 75) check Use Ld Macroclass ID. Click the button Run (page 84) !F'= and
define the path of the classification output, which is a raster file (.tif).

ITopapna: If Ld Play sound when finished is checked in Calculation process (page 113) 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.

In other tutorials we are going to learn about the download and preprocessing of bands, the classification
algorithms, and the postprocessing of classifications.
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Fig. 14: Result of the land cover classification
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Fig. 15: Example of error: Soil classified as Built-up
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5.2 Tutorial 2: Managing input bands, the Band set tab

The following is a basic tutorial about the Band set (page 45) tab, which allows for managing input
bands.

Following the video of the tutorial.
https://www.youtube.com/watch?v=DQX{BPke2J4

5.3 Tutorial 3: Downloading free satellite images, the Download
product tab

The following is a basic tutorial about the Download products (page 48) tab, which allows for downloading
free satellite images such as Landsat and Sentinel-2.

Following the video of the tutorial.

https://www.youtube.com/watch?v=NwL2{5Nrn3U

174 Po3pin 5. Basic Tutorials


https://www.youtube.com/watch?v=DQXfBPke2J4
https://www.youtube.com/watch?v=NwL2f5Nrn3U

Po3zain 6

TemaTu4dHi HaBYaNbHI MaTepianu

Hwurxae HaBeeHO mepesiK TeMATHIHAX HABYAJIbLHUX MaTepiaaiB. [lepnr HizK TepexognuTh 10 IX BUYeHHS,
PEKOMeHI0BaHO o3HaflomuTuch 3 Basic Tutorials (page 159).
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Pozgain 7

YacTi nuTaHHS

If you have comments or questions please join the Facebook group .

Before asking, please check the official site From GIS to Remote Sensing and the following Frequently
Asked Questions.

e Bemanosaenns modyasn (page 178)

— Ax scmanosumu modyav epyuny? (page 178)

— Ax scmanosumu modysv 3 ofiuitinozo penosumopis SCP? (page 178)

— Can I use the previous version 7 of SCP? (page 180)

e [lepedobpobaenns (page 182)

ki Kanasu 300pasrcenns NOmMpPIioHO SUKOPUCTOBYEAMY OAL HATIBABTMOMAMUYHOT KAGCUPDI-
rayii? (page 182)

Sxi kanaau Landsat mooicyms 6ymu nepepazosani SCP y eidbusarvnicms? (page 183)
Can I apply the conversion to Sentinel-2 images downloaded from the web? (page 183)
Can I apply the conversion to Sentinel-2 L2A downloaded from the web? (page 183)

Yu moorcy s 3acmocysamu nepepaxynok danur Landsat ma xopexuyiro DOS do obpizanux
rananic? (page 183)

Qu mootcy s sacmocosysamu kopekuyito DOS do kananie 3 wopnoto mesicero (mobmo 3i
anavennamu NoData)? (page 183)

Sk npubpamu 3 3o6pasicerns Tmaphud nokpus? (page 183)

e Obpobaenns (page 183)

A ompumyro nomuaru kaacudirauii. Sk s moocy nokpawsumu mownicmy? (page 183)

Hu M02HCAUBO BUKOPUCTIOBYSAMU 00HL T Mi CAMI HAEYAALHI 6L00061 Jani OAfL JEKINLKOT
300pasicens? (page 184)

Sxa pisnuus miore kaacamu ma makporasacamu? (page 184)

Yu moorcy s suxopucmosysamu SCP das 00pobku 306pasrcerd, ompumaHUT OpoHaMU, b0
aepoghomosnimric? (page 184)
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— Yomy npu 6usHauENHi MEMNEPAMYPU NOGEPTHI GUKOPUCTROSYEMYBCA Auwe Kanan 10
Landsal 87 (page 184)

— How can I speed up the processing? (page 184)
— How do I perform accuracy assessment and how to design the number of samples? (page 185)
e 3Bacmepeorcenns (page 185)

— Bacmepeorcenns [12]: Jlana cuznamypa 6yde 6UKAIOUEHA NPU GUKOPUCTNAHHT AA20PUMMY
Maxcumanonot eipozionocmi. Jomy? (page 185)

o [Tomunru (page 185)

— Ak 2 moorcy nosidomumu npo nomuarxy? (page 185)
e Pisne (page 187)

— o s mooicy pooumu 3 SCP? (page 187)

— Sk doayuumuco ma cnpusmu SCP (page 188)

— Ak 2 moorcy nepexaacmu ued nocibnuk na iy mosy? (page 188)

— Jle snaxodumuvcsa suxionut xkod SCP? (page 189)

7.1 BctaHoBneHHsi Mmoayns

7.1.1 9k BCcTaHOBUTU MOAY/b BpPyYHY?

SCP moxke OyTu BcTaHOBJIEHHI BPy4HY (1€ MOXKe OyTH KOPHCHO, KoJu BijcyTHe lnrepner-3’equanns abo
HeoOXijiHe BCTAHOBJIEHHsI Ha 6AraThOX KOMII'IOTE€pax) HACTYITHAM YHHOM:

1. 3aBaHTaXKTE Zip-apXiB SCP 3 https://github.com /semiautomaticgit
SemiAutomaticClassificationPlugin /archive /master.zip ;
2. posnaxyiite BMicT apxiBy (fekinbka daiiinis Takux sk COPYING.txt Ta KarasoriB Takux sk ui) y

HOBUII KaTaJor 3 Ha3Bowo SemiAutomaticClassificationPlugin (Ge3 -master);

3. open the QGIS plugins directory (in Windows usually C:\Users\username\AppData\
Roaming\QGIS\QGIS3\profiles\default\python\plugins, in Linux and Mac wusually /
home/username/.local/share/QGIS/QGIS3/profiles/default/python/plugins) and delete
the folder SemiAutomaticClassificationPlugin if present;

4. ckorimoitre Katasjor SemiAutomaticClassificationPlugin o karasory mozynis QGIS;

5. momysib BcTanoBjieHO; 3amycTith QGIS, Bimkpmiire Plugin Manager Ta mepekonaiirech, o
Semi-Automatic Classification Plugin yBiMKHEHO.

7.1.2 9k BctaHoBUTU MoAaynb 3 odiyiiHoro peno3uTtopis SCP?

SCP MOXKJIMBO BCTaHOBHUTH , BUKOPUCTOBYIOUM oQiriiiHuii pernosuropiit. Ileit perosuropiii 3abesmneuye
BCTaHOBJIEHHsT camol octanHbol Bepcil SCP (master), mojeky i 1mie 10 TOro, sik BOHA 3’SIBUTHCSI B PEIO-
suropil QGIS. Ile moxke 3HaIOONTUCH, KOJM BU TOTpeOyeTe BUIIPABJIEHHS MOMUJIKIA a00 HOBOI (DYHKIIIT,
sIKa IIe HeJIOCTyIHa y Bepcil, HasBHiil B odiniinomy penozuropii QGIS. Kpim Toro, Bepcist master 3 pe-
mo3uropito SCP Moxke 6yT BCTAHOBJIEHA OJJHOYACHO 3 BEPCI€I0, JOCTYIMHOIO 3 OMIIITHOrO perno3nTopito

QGIS.
st Toro, mob BCTAHOBUTH MOJLY/Ib 3 pernosutopito SCP, BukoHaiiTe HACTYIHI KPOKU:
e Bamycrite QGIS;

e 3 rosioBHOrO MeHio Bubepite Plugins' > Manage and Install Plugins;
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! Untitled Project — QGIS
Project Edit View Layer Vector HRaster Database Web Mesh Processing Help

E SRV T Manage and Install Plugins... | |
D L [l FLE ﬁ Ha ’ E
I

! @, Python Console Ctrl+alt+P

Settings ey

o KiramuiTh Settings Ta HaTHCHITH KHONKY Add;

n use. These plugins are in early stages of
of of concept” tools. QGIS does not recommend installing
ses.

w || show also deprecated plugins

Plugin repositories

Status Name
@ connec ted QGIS Official Plugin Repository http://plugins.qgis.org/plugins/plugins xmizqgis=2.8

Reload repository | [ Add... J{ e

|8 Help © close

e B Repository details BBeZiTh:

Hagssa:

[SCP ]

URL:

[https ://semiautomaticgit.github.io/SemiAutomaticClassificationPlugin/repository.xml ]

Ta KJIAIHITH 0K;

Repository details

Name |SCP|

URL https://semiautomaticgit.gith ub.io/SemiAutomaticC
Parameters

Authentication

Enabled

@Cancel || ¥ 0K

o [licsist OHOBJIEHHSI peNTO3UTOPIto eJleMeHT Semi-Automatic Classification Plugin - master mo-
BUHEH OyTH y HepeJIiKy 3 IHITUMI MOJLYJISIMU;
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Plugins | All (530) 2 o @

Search

i satsvie a . . PP &

0 cores 2 Semi-Automatic Classification Plugin - master

e n

2 Scipy Point Clustering

i Plugin that allows for the supervised classification of remote sensing images, providing

L e tools for the download, the ing and post ing of images

2% ScriptRunner s - e - 2

@ Search & format EPSG CRS Plugin Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the supervised

2 Select Within classification of remote sensing images, g tools for the the p g and postp g of

images, Search and download is available for Landsat and Sentinel-2 images. Several algorithms are available for

39 selection Set
M SR action Sats the land cover classfication. This plugin requires the installaion of GDAL, OGR, Numpy, SciPy, and Matplotib. For

¥ selectTools more information please visit hitp:/! i Land Cover Supervised classification 118
2 selenext EWMiA BSOS temEss uméﬁa sl Y ,.lM\ e Classificagiio da Cobertura do Solo

L D Semi-Automatic Classification Pl Clasificacién de la Cobertura de la Tierra Classification de la Couverture du Sol xnaccudukaumnn

— ey T 3eNnena. Klassifizierung der Landbedeckung Classifi della Copertura del Suolo,

omatic Classification Al |
2 Send2GE
SENSUM Earth Observation Tools

00 rating vote(s), 00 downloads

I SG Diagram Downloader Tage: raster |andsatspectral signature classification, land cover,accuracy,supervised classification clip rmots
¥ Shapefile Encoding Fixer sensing,sentinel,mask,analysis landscape
¢ ShellDB Moare info: tracker code repository

2 Shortcut Manager
shp2D3

shptoobs | Available version: 5.0.6 (in SCP)
SimpleReports .
SimpleSvg =
SimpliPy
sipamsar
SLD4raster
Slicer

SM

| 4% cmart editinatonls % | Upgradeall | | Install plugin

| I8 Help @ Close |

Author: Luca Congeda

YR

e 3 menio All BuGepiTh Semi-Automatic Classification Plugin - master Ta HATHCHITL KHO-
nky Install plugin; nHaiibinsin ocranus Bepciss SCP moBuHHA OyTH aBTOMATHYHO AKTHBOBAHA
(irHOpyiiTe MOMMIIKH, J1JIs 3aBeplieHHs BeraHoieHHss SCP Moxe 3HamobuTuch nepesamyck QGIS);
MOXKJIUBO BUMKHYTH inmuit SCP, Bcranosenmii 3 perozuropito QGIS;

Plugins | nstalled (24)

Search

Coordinate Capture & n T R =
] gmmj;e, 3 Semi-Automatic Classification Plugin - master n
_ {ig Dut2shp Converter
Lot Plugin that allows for the remote sensing i i
e , the images.
GdalTools Daveiopad by Lusa Congede,
¥ coaL
e ofmages U
~ @oos 0GR, Numpy, 5Py, and
g GPS Tools Matplotlib. rds
Heatmap classiicaion e
il plugin

/I Metasearch Catalogue Client

Suslo
W OffineEdting

& oracle Spatial GeoRaster 00 rating voie(s), 00 downioads
¥ @ Processing
(€ quickmapservices Category: Rasker
Raster Terrain Analysis plugin ;’9 “‘ wior, Cle J i C\ Acc e lysis, Landsat, Sentinel,
pochal signatu, ip, Accurcy,Landscapa
Road graph plugin Lo
Semi-Automatic Classication Pl eI Kniat ks T
ror L "
7 Spatial Query Plugin
—
SRS Available version: 5.0.6 (in SCP)
Topology Checker
¥, Zonal statistics plugin changelog:
s08 ~
Minor update v
|_upgrade ail | Uninstall plugin | |__einstallplugin
Ljg haio ) © close |

7.1.3 Can | use the previous version 7 of SCP?

It is possible to install the previous version 7 of SCP using the official repository. Also, this version can
be installed along with the SCP version 8.
st Toro, mob BCcTaHOBUTH MOYJb 3 pero3uTopito SCP, BukoHaiiTe HaCTYIHI KPOKU:

e Bamycrite QGIS;

e 3 rojioBHOrO MeHIO Bubepith Plugins' > Manage and Install Plugins;

! Untitled Project — QGIS

Project Edit View Layer Settings [Jals[g= Yector Raster Database Web Mesh  Processing Help

D T CY A 2 Manage and Install Plugins...
L =] @ Ha

o KiamuiTs Settings Ta HaTHUCHITH KHONKY Add;

! . Python Console Ctrl+alt+r
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w || Show also deprecated plugins

Plugin repositories
Status Name AL
@ connected QG5 Official Plugin Repository http://plugins.qgis.org/plugins/plugins. mi7qgis=2.8

Reload repository | Add... )| Ed Delete |
LB hen ) [cQ.Cloze. ]

o B Repository details BBeiTh:

Hazga:

[SCP

URL:

[https ://semiautomaticgit.github.io/SemiAutomaticClassificationPlugin_v7/repository.xml ]

Ta KJaIHITH 0K;

Repository details

Name |SCP|

URL https://semiautomaticgit.github.io/SemiAutomaticC

Parameters
Authentication

Enabled

Clear || Edit

‘@Cancel || wOK

o Ilicsist oHOBIIEHHS perro3uTopito ejleMeHT Semi-Automatic Classification Plugin - master mo-

BHUHEH OYTH y IepeJliKy 3 IHITUMU MOJYJISIMU;
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o Shapefile Encoding Fixer | sensing, sentinel mask analysis landscape
58 shelDB I} | More info tracker code repository
#& shortcut Manager | Author: Luca Congeda
2% shp2D3
3 shptoobs IF] | Available version: 5.0.6 (in SCP)
24 SimpleReports A
|
o SimpleSvg I
e SimpliPy

W% sipamsar |
W SLD4raster

¥ Slicer I
W sM |3
8 smart aditing tools |~ | Upgrade all | Install plugin
|_I8 Help | |_© Close |

e 3 menio All BuGepiTh Semi-Automatic Classification Plugin - master Ta HATHCHITL KHO-
nky Install plugin; nHaiibinsin ocranus Bepciss SCP moBuHHA OyTH aBTOMATHYHO AKTHBOBAHA
(irHOpyiiTe MOMMIIKH, J1JIs 3aBeplieHHs BeraHoieHHss SCP Moxe 3HamobuTuch nepesamyck QGIS);
MOXKJIUBO BUMKHYTH inmuit SCP, Bcranossenuit 3 perosuropio QGIS;

7 Plugins | nstalled (24)

Search

& Coordinate Capture - : e : . A
v gbe e 3 Semi-Automatic Classification Plugin - master &0
Di2shp Converter
| ovis 2 £ Plugin that allows for the remote sensing s idin
v flools. tools , the images.
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& coaL
S ofimages. J
S @ ot " ocr Ny, Sy, ard
(i GPS Tools Matplotlib. Keywarq
_ veatmap classiicaion i

phgn
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@ oftnecating
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+ @ processing
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Raster Terrain Analysis plugin ‘Tags:Raser, Classifc Jysi, Landsat, Sentnel,
Soces snau, Mo 2k Cip e, acepe
More ino: homepage tracker code eposiiony

Suslo

Foad graph plugin
B semausomatic Casscaton 71
& Author: Luca Congedo
\V? spatial Query Plugin
e
B ooty crecer

Available version:5.0.6 in SCP)

¥, Zonal statistics plugin changelog:
s08 ~
Minor updte v
|_upgrade ail | Uninstall plugin_||__einstallplugin
[8 Help | © Close

7.2 TepepnobpobneHHs

7.2.1 9ki kaHanu 300pa>keHHsA NOTPIOHO BMKOPUCTOBYBATU O1s1 HaniBaBTOMaTU-
4yHo! knacudpikauii?

Sarajiom, OakaHO YHMKATH TepMajbHUX iH(ppadepBoHuUX KaHaJiB. ko Bu BukopucroByere Landsat
4, 5 abo 7, To Bam ciin obuparn Kamasu : 1, 2, 3, 4, 5, 7, yHUKaIn KaHAIy 6, KWl € TepMAJbHIM
indpavyepBonnm; g Landsat 8 Bu moBummi obuparm xamamum: 2, 3, 4, 5, 6, 7. Kanaxy 1 Landsat 8
3a3BUYall YHUKAIOTh, TOMY IO BiH JIy2Ke HOJIOHMIT 10 CHHBOIO KaHAJy i IepeBa’KHO BUKOPUCTOBYETHCS
JIJIsl BUBYEHHSI a€PO30JIiB 30HU y30eperkKs. Tepmasnbuuil indpadepBonnii kanasa Landsat BUKIo9aeTbCs
3 KjacudiKaIlil, TOMy 0 HOT0 3HAYeHHsI ePEeBaykKHO OB’ si3aHl 3 TeMIepaTyporo 00’e€KTiB.

s 306pazkenn Sentinel-2 MoxknHa BuKopucToByBaTn Kanaym: 2, 3, 4, 5, 6, 7, 8, 8A, 11, 12.
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7.2.2 Yki kaHann Landsat moxyTb Oyt nepepaxosavi SCP y BiabmBanbHicTb?

All Landsat 1,2, and 3 MSS and Landsat 4, 5, 7, and 8 images downloaded from http://earthexplorer.
usgs.gov/ and processed with the Level 1 Product Generation System (LPGS) can be converted to
reflectance automatically by the SCP; products generated by the LPGS have a MTL file included that
is required for the conversion.

7.2.3 Can | apply the conversion to Sentinel-2 images downloaded from the web?

Yes, you can convert also images downloaded from the web (actually the conversion is recommended).
You should move all the bands (.jp2 files) and if available the .xml file whose name contains MDT_SAFL1C
in the same directory. Then select this directory in Image conversion (page 64). Images are converted to
reflectance.

7.2.4 Can | apply the conversion to Sentinel-2 L2A downloaded from the web?

Yes, you should move all the .jp2 files inside the same directory and rename the files with the band number
in the ending of the name (e.g. from name 02 10m.jp2 to name 02.jp2) Then select this directory in
Image conversion (page 64). Images are converted to reflectance.

7.2.5 Yu moxy s 3acTtocyBaTu nepepaxyHok gaHux Landsat ta kopekuito DOS
[0 00pi3aHnx kaHanis?

Tak, B MokeTe MPOBECTHU BiITUHAHHS 3HIMKIB JI0 TOTO, K IepepaxoByBaTH y BiIOMBAJILHICTH, & IO-
tim ckomiroBatu daiin MTL (skuil MictuThest B opurinagsHoMy Habopi nanux Landsat) g0 karanory 3
obpizannmu kanajamu. Ko Bu 6axaere 3acrocyBaru Kopekiio DOS (gxa € BIIIHOCHOIO TEXHIKOIO, 10
[PYHTYETHCs HA 3HIMKY), TO HOTPIGHO CHOYATKY lepepaxyBaTu OpuriHajibHi Jani Kanasis Landsat (ngist
BCHOI'O 300pPaKeHHs ), & MiCJsl [BOrO IPOBECTU BIATHHAHHS BUXOJOBUX DPE3YJIbTATIB II€PEPaxyHKy (To6To
KaHAJIB, epepaxoBaHnX y BiIOUBAIBHICTS).

7.2.6 Yun moxy s 3actocoByBaTu kopekuito DOS po kaHaniB 3 4YOpHOIO Mexxero
(To6T0 3i 3Ha4YeHHsimun NoData)?

If you want to apply the DOS correction to an entire band which has NoData values (the black border
with value = 0) then you have to check the checkbox Use value as NoData and set the value to 0. This
is because DOS is an image based technique, and NoData values must be excluded from the calculation.

7.2.7 9k npubpaTtun 3 300pa>keHHs1 XMapHUii NoKpus?

DOS1 correction does not remove clouds from the image. However, Landsat 8 images include Band 9
that identifies clouds (see this NASA site). You can use this band for the creation of a mask.

7.3 O6pobneHHs

7.3.1 4 otpumyto nomunkun knacudikauii. 1K 1 MOXXY NOKPaLLNTM TOYHICTL?

Several materials have similar spectral signatures (e.g. soil and built-up, or forest and other types of
dense low vegetation), which can cause classification errors if ROIs, and spectral signatures thereof, are
not acquired correctly. In order to improve the results, you can try to collect more ROIs over these
areas, in order to train the algorithm for these very similar areas, also, display the spectral signatures of
these areas in Spectral Signature Plot (page 114) to assess their similarity. You can also use a Signature
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threshold (page 60) for these signatures in order to reduce the variability thereof (only pixels very similar
to the input signatures will be classified).

7.3.2 Y MOX/IMBO BMKOPUCTOBYBATU OAHI | Ti caMi HaB4YaNbHi BXOAOBI AaHi Ansa
AeKiNIbKox 300pa>keHb?

Tax, e MOXKJIMBO, SKIIO BCi 300parKeHHsT MAIOTh OJHAKOBY KiJIbKICTh KaHaiB. OmHaK, SKIITO 300pakKeHHs
orpuMaHni y pi3Hi Micsi, 3MiHE 3eMeJILHOIO IIOKPHUBY (0COBJIMBO, CTAH POCIMHHOCTI) BIUIMBATUMYTH Ha
CIEKTPaJIbHI curnarypu (Tob6To oiuH 1 Toil camuil HiKcesb MaTHMe Pi3Hi ClieKTpaJsbHi CUTHATYPH y pi3Hi
nepiomn). ArmocdepHi edeKTH TAKOXK MOXKYTh 110 PI3HOMY BIUIMBATH Ha 306pakeHHs. Lle Moxke 3HU3UTH
TouHicTh Kiacudikamii. Tomy momiibao 3aBxkau 36upatu ROI Ta criekTpasibHi CUMHATYPHU JjIsT KOKHOTO
300pazKeHHs.

7.3.3 Slka pi3Hnusa MixX KnacamMm Ta Makpokiacamu?

Husitbesa 6yap aacka Kaacu ma maxpokaacy (page 136).

7.3.4 Y4n moxy s BukopuctosyBatu SCP gnsa obpobku 300pakeHb, OTpUMaHUX
ApoHamu, abo aepodoTo3HiMKiIB?

Tak, B MoOKeTe MPAaIOBATH 3 HUMHU, AKINO BOHU MaiOTh He MeHIe 4 KaHaIiB. fKIMO KiIbKiCTh KaHAJiB
MEHIII&, TO HAIliBABTOMATUYHI aJI'OPUTMU He 3JIaTHI BIpHO KjacudiKyBaTu 3eMeIbHAN MOKPUB. [CHYIOTH
TaKOXK aJIbTePHATUBHI MeTOMM Kjacu@iKalil, Taki HAIPUKJIAL 9K 00’ €KTHO-Opi€HTOBaHa Kjacudikarris,
ue peasizosana y SCP.

7.3.5 HYomy npu Bu3HaYeHHi TemnepaTypu NoBepxHi BUKOPUCTOBYETLCS nLLIE Ka-
Han 10 Landsat 87

Bymo pospobiieno jekigbKa MeTOIB Jjis OIHIOBAHHSI TeMIIepaTypu 3eMHOI moBepxHi. Mertos ortinto-
BaHHSI TEMIIEPATYPH, ONUCAHUN B HABYAJIHLHOMY MPAKTUKYMi, MOTPEOYE JIMIIE OJIHOrO KaHaJIy. BijbIne
toro, USGS pekoMeH/lye KOpHUCTyBadaM yTPUMYBATHUCH Bij ypaxyBaHHs Janux kKaHajy 11 Landsat 8
upy KiJbKICHOMY aHaJIi3l JaHuX TemioBoro indpadepBoHOro cexncopa (IuB. 3MiHU B JIAHUX TEILIOBOIO
indpauepsonoro cencopa (TIRS) Big USGS).

7.3.6 How can | speed up the processing?

In order to speed up the processing you should set the available RAM and the number of threads available
in System (page 112). Available RAM (MB) should be half of the system RAM (e.g. 1024MB if system
has 2GB of RAM) or more if the system has a large amount of RAM (e.g. 10240MB if system has 16GB
of RAM). CPU threads should be a value lower than the maximum number of system threads (e.g. if the
system has 4 available threads set value 3).

Also, several tools allow for selecting the output format .vrt avoiding the time required to create a
unique .tif raster (after multiprocess), especially useful for large rasters.
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7.3.7 How do | perform accuracy assessment and how to design the number of
samples?

Accuracy assessment is described in this tutorial .

Sample design is required to provide an adequate number of samples for each class, as described in
«Olofsson, et al., 2014. Good practices for estimating area and assessing accuracy of land change. Remote
Sensing of Environment, 148, 42 — 57».

The number of samples (N) should be calculated as (Olofsson, et al., 2014):

C

N =) (Wi=5:)/S,)*

i=1
Jie:
e W, = mapped area proportion of class i;
e S; = standard deviation of stratum i;
e S, = expected standard deviation of overall accuracy;
e ¢ — total number of classes;

To stratify the sample we should conjecture user’s accuracy and standard deviations of strata (Olofsson,
et al., 2014). 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.

This requires some conjectures about overall accuracy and user’s accuracy of each class. We should base
these conjectures on previous studies.

As starting values, we could assume S, = 0.01 and perform a rough accuracy assessment with random
samples, and eventually calculate the S; to perform the sampling design. Alternatively, one could start
with Si = 0.5 for all the classes. Basically the higher is Si, the larger is the number of samples for that
class.

7.4 3acTtepe>xeHHs

7.4.1 3acrtepexeHHs [12]: Jana curHatypa Oyae BMKIOYEHA NPU BUKOPUCTaHHI
anroputmy MakcumansHoi BiporigHocTti. Homy?

ROI samaaro maseHbka (afo 3aHAJATO OFHODPIAHA) IUIst anroputMmMy Makcumaavhol 6ipo2idnocmi

(page 138), Tomy mo ust ROI mae cunrynspHy (BUpOIKeHY) MaTpHIfo Kosapiaiii. Bu mosunHI cTBO-
puru 6ineiry ROI abo He BukopucroByBaTtu aaroputMm MakcuMaabHOT BiporigHoCTi mist Kiaacudikariii.

7.5 NMomunkn

7.5.1 9k 5 MOXy NOBIAOMMUTK MNPO NOMUNKY?

ko Bu BusgBun momusiky Semi-Automatic Classification Plugin, 6yap tacka BukoHaiiTe i KpoKH, 106
3i6paru HeobOxinny indopmario (daita KypHamy):

1. zakpwmitte QGIS, sK110 BOHA BiAKpUTA;

2. open QGIS, open the Plugin tab Debug (page 109) and check the checkbox L4 Records detailed
events in a log file ;

3. click the button Test dependencies in the tab Debug (page 109) ;
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Fig. 1: Hanaazo0dxncenns

4. 3aBanrTaxkre gani qo QGIS (abo Biakpwuiite npoekt QGIS, mo 6yB 30epekeHmit
paHinie) Ta MOBTOPITH BCi KPOKH, 10 MPU3BOAATH A0 HOMUJIKKA B POBOTI MomyJist;

® SKINO MpobJieMa IMOBIPDHO TIOB’sSI3aHa 3 JAHUMU 300pakeHHsi, Oy/b JIACKA BUKOpPHCTaiiTe
el TecToBUit HAOIp MAHUX ;

5. AKIIO 3'sIBJISETHCS MOBIAOMJIEHHS PO HOMHJIKY (fIK Ha HACTYIIHOMY DHCYHKY), CKOIiIOiiTe Bech
BMICT TIOBiJIOMJIEHHS /10 TEKCTOBOI'O (hailiry;

7 @ Pythen error d e w

Couldn't load plugin SemidutomaticClassificationPlugin due to an error when calling its 2
classFactory() method

Traceback (most recent call last): |
File "/usr/lib/python2.7/dist-packages/qois/utils.py", line 219, in startPlugit
plugins[packagename] = package.classFactory(iface)
File "/homesuser/.qgois2/python/plugins/SemisutomaticClassificationPlugin/__ini
from semiautomaticclassificationplugin import SemisutomaticclassificationPlud
File "/usr/lib/python2.7/dist-packages/qois/utils.py", line 478, in _import
mod = _huiltin_import{name, globals, locals, fromlist, level) R
File "/homesuser/.qois2/python/plugins/sSemisutomaticclassificationPlugin/semial =
from ui.spectralsignaturedialog import SpectralSignaturenialog bod

<[ I
€ Close

Fig. 2: Ilogidomaernsa npo nomusky

6. open the tab Debug (page 109) and uncheck the checkbox L Records events in a log file, then

N
click the button ‘tl and save the log file (which is a text file containing information about the
Plugin processes);
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7. Binkpuwiite log-daiis Ta ckomioiiTe BeCh HOro BMICT;

8. join the Facebook group , create a new post and copy the error message and the log file (or attach
them).

7.6 Pi3Hne

7.6.1 Lo s moxy pooutun 3 SCP?

SCP nozBossie npoBoauTn Kiaacudikaliiro 3eMeJbHOT0 MOKPUBY 300pakeHb JUCTAHIIHHOTO 30HTY-
BaHH4 32 JI0OMOro0 Konmpoavosana kaacudirayis (page 134). Bu MoxkeTe cTBOpUTH PacTp 3eMEJILHOIO
LOKPUBY, BUKOpHUCTaBIIU oful 3 Anzopummu kaacudirauii (page 137), nocrynnux y SCP. i anropu-
TMU TIOTPeOYIOTh ClIeKTpasbHuX curHaryp abo ROI B stkocTi BXOMOBUX JaHuX (/17151 BUSHAUEHD OY/Ib JIacKa
muB. Kopomxuti ecmyn do ducmanyitinozo sondysanns (page 123)), siki BUSHAYAIOTH KJIACH 36MEJILHOTO
IOKPUBY, 10 OyayTh 3imeHTHdhIKOBaHI 33 300paYKEHHSIM.

Fig. 3: Bazamocnexmpanvre 306pasicerms o6pobaere 0ai CmEopensa KAaCuPikayii 3eMeavhoz2o nokpuey
(3mimMok Landsat mamamo USGS)

SCP can work with multispectral images acquired by satellites, airplanes, or drones. Also, SCP allows
for the direct search and download of free images (see Download products (page 48)). You cannot use
orthophotos with less than 4 bands and LIDAR data with SCP.

Bxonose 306pakenusi y SCP uasuBaerbcst Band set (page 45), sSKuil BUKOPUCTOBYETHCS K BXOZOBI
nani g kiuacudikanii. SCP Hajgae nekinbka iHcrpyMentis jis [lepedobpobaenis (page 62) 3aBanTa-
JKEHUX 300parkKeHb, TAKUX K [ePEPaXyHOK y BiIOMBAJBLHICTH Ta MAHITYJTIOBAHHS KAHAJIAMHU.

Spectral Signature Plot (page 114) ta Scatter Plot (page 118) 3abe3meuyoTh aHaNI3 CHEKTPAIBLHUX
curnatyp ta ROI. Kpim toro, nexineka Basic tools (page 53) JOCTYIHI JUIsl CIPOIEHHS] CTBOPEHHSI
ROI ta penaryBanss creKTpaabHUX CUTHATYD.

Raster calculation is available through the seamless integration of the tool Band calc (page 99) with
bands in the Band set (page 45), calculating mathematical expressions and spectral indices.

See the Basic Tutorials (page 159) for more information and examples.
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7.6.2 9k pony4dutuces Ta cnpustu SCP

Bu moxkere 3pobutn BHecok no SCP uepes BUIIpABJIEHHS Ta JO[aBaHHs (PYHKIIOHAJIBHAX MOYKJIUBOCTEH
(muB. Jle snaxodumuvcs suxionui xod SCP? (page 189)) abo nepeksa nocibuuka kopucrysada (aus.
A MOoICY nepekaacmu el nocibnuk na inwy mosy? (page 188)).

7.6.3 9k 5 MOXy nepeknacTu uei NOCiOHWMK Ha iHWY MoBY?

Ileit mocibHUK KOpUCTYyBada JIErKO MEPEKIACTH Ha 1HIIY MOBY, TOMY IO BiH HAIMCAHUI MOBOI PO3MITKHU
reStructuredText (3 Bukopucranuam Sphinx). Tomy Balll BHECOK € NPUHIUIIOBUM JJIsi IIEPEKJIAILY OCI-
O6HEKa BaIo MOBO0. HacTymHa IHCTPYKINis iIOCTPYe OCHOBHI KPOKH 3 IIEPEKJIAIY, SAKi MOXKYTh OyTH
3IiICHEeH]:

® 3 BUKOPHCTaHHSIM OHJIalH-cepBicy Transifex;
e 3 BUKOpPHCTaHHsSM gettext .po daiiis.

Before translating, please read this document from the QGIS translation guide, which helps you
understand the reStructuredText.

Metopn 1. Ilepeksiag 3 BUKOPUCTAHHSAM O0E3KOIIITOBHOTO oHJIaliH-cepBicy Transifex
Ile MabyTh HaliIpoCTimMii croci6 mepekJiaay MOCIOHUKA KOPUCTYyBada, 3 BUKOPUCTAHHSIM OHJIAWH-CEPBICY.
1. Ipueanaiitecs 1o mpoekTy Semi-automatic Classification Manual

Go to the page https://www.transifex.com /semi-automatic-classification,
semi-automatic-classification-plugin-manual and click the button Help translate. You
can sign in using your Google or Facebook account, or with a free registration.

2. Select your language

Select your language and click the button Join team. If your language is not listed, click
the button Request language.

3. Ilepekiraj

There are several files to be translated, which refer to the sections of the
SCP documentation. To translate the SCP interface you should select the file
semiautomaticclassificationplugin.ts .

Metopn 2. Ilepeksaa 3 Bukopucrtanusm gettext .po daiinais

s Toro, o6 BUKOPUCTOBYBATH Iieit MeTos, Bu nmoBuHHI OyTH 3uaitomi 3 GitHub. Ieit meTon mepekiamy
103BoJIsAE 3aiiicHoBaTy nepekyad PO ¢aiiis JI0KaIbHO.

1. 3aBanTaxkre ailyin mepeKIaLy

IlepeittiTn J0 IIPOEKTY GitHub https://github.com /semiautomaticgit/
SemiAutomaticClassificationManual v4/tree/master/locale ta 3aBanraxkre .po daitaun
Baiol MOBU (BU MOXKETe JIOJATH CBOIO MOBY, sIKIIO i1 HEMa€ B Iepesiky) abo BU MOKeTe
dopruyTn perioszutopiit. Koxkunit .po caitn e TekcroBuit daits, Mo BiamoBigae meBHOMY
PO31i/Iy OCIOHMKA KOPHUCTYBaYa.

2. Bigpenaryiite daitiu mepexsiary

Tenep Bu moxkere pemarysatu .po datim. i daitim 3pydHo pemaryBaru 3 BUKOPHUCTAH-
HsIM HACTYIIHMX Iporpam: HanpukJiag Poedit gias Windows ta Mac OS X abo Gtranslator
st Linux abo OmegaT (Ha ocHosi Java) miust Windows, Linux ta Mac OS X. IIi pena-
KTOPH 3a0e311e9yI0Th IPOCTHUil IIepeKIa/l JJisi KOYKHOI'O PeUeHHsI ITOCIOHIMKA KOPUCTYBAtA.
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7.6.4 [e 3naxoanTbes BuxigHun kog SCP?

The source code of SPC is available at the following link https://github.com/semiautomaticgit,
SemiAutomaticClassificationPlugin
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